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AL PERMANERCER SENTADOS DURANTE TANTO TIEMPO
NUESTROS FLEXORES DE CADERA ESTAN SOBREAC-
TIVADOS L0 QUE PRODUCE UN "ACORTAMIENTO" DE ESTA
MUSCULATURA ASI COMO UNA INHIBICION CFALTA DE ACTI-
VACION) EN EL PRINCIPAL EXTENSOR DE LA CADERA, EL
GLUTED, PARA QUE ESTA TENSION SE PUEDA MANTENER.
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A TRAVES DE ESTA PROPUESTA DE EJERCICIOS LO PRIME-
RO QUE VAMOS A HACER ES ELIMINAR ESTA TENSION EN
LOS FLEXORES DE CADERA, Y UNA VEZ ESTA MUSUCLA-

TURA ESTE ELONGADA PASAREMOS A UNA SERIE DE EJER-

CICIOS PARA ACTIVAR Y DESPERTAR LA ZONA GLUTEA.
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Medicine

Matt Parr,"? Phil DB Price,' Daniel J Cleather’

Parr 2017

Efectos de la activacidén de gluteo en la
mejora de movimientos explosivos.

Conclusién

Este estudio sugiere que una activacidn previa
de los gluteos antes de realizar movimientos
explosivos mejora el rendimiento en ellos.
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ELECTROMYOGRAPHIC ANALYSIS OF GLUTEUS
MEDIUS AND GLUTEUS MAXIMUS DURING
REHABILITATION EXERCISES
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Lindsey Paprocki, DPT'
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Kristen boren et al 2011

Analisis electromiografico de gliteo mayor y
gliteo medio durante ejercicios de
rehabilitacidn.

Conclusiones

Como aplicacidén practica de esta revisidn
podemos observar en este estudio que el
ejercicio de plancha frontal+extensidn de
cadera a 90° es el ejercicio de los analizados
mas demandante para el gluteo mayor.
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SYSTEMATIC REVIEW
AN EXAMINATION OF THE GLUTEAL MUSCLE ACTIVITY
ASSOCIATED WITH DYNAMIC HIP ABDUCTION AND
HIP EXTERNAL ROTATION EXERCISE: A SYSTEMATIC
REVIEW

Paul Macadam, BSc'
John Cronin, PhD"?*
Bret Contreras, MA'

Paul Macadam et al 2015

Revisidén sobre que ejercicios activan més el
gliteo mayor y medio (a través de
electromiografia) de pie, tumbado de lado y
sentado

Conclusiones:ejercicios mas demandantes

De pie; Glateo mayor

Step up lateral

De pie; Gluteo medio

Abduccibén lateral de cadera con banda en
tobillo para gliteo medio

Tumbado de lado; Mas activacién tanto gluteo
mayor como gluteo medio

Plancha lateral con elevacidén de pierna
superior

Sentado; Mas activacién tanto gluteo mayor
como glateo medio

Abduciones sentadas en maquina
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Effect of a gluteal activation warm-up on
explosive exercise performance

Matt Parr," Phil DB Price,' Daniel J Cleather’

ABSTRACT

Objectives To evaluate the effect of a gluteal
activation warm-up on the performance of an explosive
exercise (the high hang pull (HHP)).

Methods Seventeen professional rugby union players
performed one set of three HHPs (with 80% of their
one repetition maximum load) following bath a control
and activation warm-up. Peak electrical activity of the
gluteus maximus and medius was quantified using
dectromyography (EMG). In addition, the kinematics
and kinetics of nine players was also recorded using
force plate and motion capture technology. These data
were analysed using a previously described
musculoskeletal model of the right lower limb in order
to provide estimates of the muscular force expressed
during the mavement.

Results The mean peak EMG activity of the gluteus
maxamus was significantly lower following the
activation warm-up as compared with the control
(p<0.05, effect size d=0.30). There were no significant
differences in the mean peak estimated forces in
gluteus maximus and medius, the quadricaps or
hamstrings (p=0.053), aithough there was a trend
towards increased force in gluteus maximus and
hamstrings following the activation warm-up. There
were no differences betwesn the ground reaction
forces following the two warm-ups.

Conclusion This study suggests that a gluteal
activation warm-up may facilitate recruitment of the
pluteal musculature by potentiating the glutes in such
a way that a smaller neural drive evokes the same or
greater force production during movement. This could
in turn potentially improve mavement quality.

INTRODUCTION

The purpose of a warm-up is to prepare the
body for activity and in partcular to
promote optimal performance and decrease
injury risk. One aspect of a modern warm-
up is often a battery of ‘activation” exercises
(often therapeutic exercises) which are
thought to promaote the recruitment of
specific musculature.’ The rationale behind
this is again twofold—improved activation
of key musculature might improve both the
kinematics of movement (reducing injury
risk) and the ultimate performance
outcome. One common candidate for such

What are the key findings?

» Seventesn elite rughy union players performed
an Olympic weightlifting exercise after both a
control and a gluteal activaion warm-up.

»mummdﬂltmcuhﬂnmnm
forces after the two warm-ups. Thera was a
decrease in electromyography following the acti-
vation warm-up, but in contrast there were clear
trends that were consistent with an increased
muummm

» These findings support the clinical practice of
prescribing gluteal activation exercises to facli-
tats recruitment of the glutes during acthvity.

» In addition, this study supports the notion that
the mechanism of this improved recruitment is.
‘through a potentiation of the glutes such that
increased force is expressed for a given neural
impulse.

one of the main contributors to fouc
production in lower limb extension,” " and
in part because weakness or altered activity
of the glutes is sometimes implicated in a

range of musculoskeletal  complaints

incuding lower back pain’ " and anterior
< 7-10

knee pain.” "

A number of previous groups have investi-
gated the effect of therapeutic gluteal
activation cxcrusc on athletic performance
both acu(clv ' and over a short training
period."” The results of this research have
been equivocal however; some authors
reported modest increases in performance
outcome,'' " whereas others found no
difference. One reason for these equiv-
ocal results is that the majority of the
previous research has only quantfied
performance outcome (eg, height jumped,
power output) and has not sought to eval-

14 15

uate changes in kinematics,
electromyography  (EMG)  or muscular
forces.

The purpose of this study was therefore to
perform the first comprehensive investiga-
ton of the effect of a gluteal activation

Dariel J Ciather; danis. activation protocols is the gluteal muscula-  warm-up on subsequent explosive activity,
cleamandsimanys ac.uk ture. This is in part because the glutes are incorporating measures of performance
BMJ Parr M, éf al BMU Open Sport Exeve Med 2017,3:6000245. deiz10.1136bmjs2m-2017-000245 "ﬁ_ 1
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outcome, but also kinematics and electromyography
{EMG). A unique aspect of the research was the incor-
poration of a state-of-the-art musculoskeletal model of
the lower limb'" which permits the estimation of the
actual muscle forces expressed during movement. We
hypothesised that the gluteal activation warm-up would
facilitate increased force expression in the glutes
during movement.

METHODS

Experimental approach

Nine professional rugby players (FB  group)
performed a high hang pull (HHP) after both a
control and an activation warm-up  (cross-over
design). The kinetics and kinematics of their move-
ment was input into a musculoskeletal model
(FrccBod)"“) to calculate estimates of the muscular
forces during the movement while EMG was used to
simultaneously quantify the electrical activity of the
gluteus maximus and medius. An additonal eight
professional rugby players performed the same
protocol but were monitored using EMG alone (thus
giving a cohort of 17 players who were analysed
using EMG; ALL group).

Subject characteristics

Seventeen elite male Premiership rugby union players
took part in this study (previous research that has
found significant differences in performance outcome
after a gluteal activation warm-up had group sizes
between 10 and 22 subjects'' '"). There were no differ-
ences between the complete cohort and the subcohort
who were analysed using FreeBody (table 1). The study
was approved by the ethical review board of St Mary's
University and all subjects gave informed written
consent prior to testing.

Procedure
Subjects performed the tial on a day without any
scheduled club training. On arnval, EMG electrodes
and retroreflective markers were placed on the subjects
{subjects wore tight fitting clothing). Markers and elec-
trodes remained in situ untl the completion of the
final test. Following elecirode and marker placement,
the subjects completed the control warm-up shown in
table 2. Next, the subjects had a 1min rest period
before performing a set of three HHPs using a load
equal to 80% of their one repetition maximum (IRM;
the players’ 1RMs were calculated by the club's
strength and conditioning coach based on their
previous test scores). Subjects stood with their right
foot centred on the force plate (figure 1A). Kinematic,
kinetic and EMG data were collected simultaneously as
described below.

Following the control test, subjects then rested for
20 min. They then repeated an identical protocol as for
the first test, except the control warm-up was replaced

with the activation warm-up illustrated in table 2.
Finally, the subjects had a further 20 min rest before
completing maximum voluntary contraction ﬁ!_'(\"C]
testing using previously established methods.”” (In
brief, the subjects extended the hip maximally while
lying prone to maximally contract gluteus maximus
and abducted the hip maximally from a side lying posi-
tion to contract gluteus medius. In both instances,
manual resistance was provided by one of the
investigators.)

Instrumentation

Motion capture

The positions of 18 retroreflective markers (attached
with adhesive spray to the anatomical landmarks
described in our previous work'”) were recorded at
200Hz using an 11 camera Vicon motion capture
system (Vicon MX system, Vicon Motion Systems,
Oxford, UK). The ground reaction force was recorded
simultaneously at 1000 Hz using a Kistler force plate
(Kistler Type 9286AA, Kistler Instrumente, Winterthur,
Switzerland) and synchronised with the Kinematic data
using the Vicon system.

Electromyography

EMG data were recorded from the gluteus maximus
and medius at 1000 Hz using a Biopac MP150 data
acquisition  system  (BIOPAC  Systems, California,
USA). The EMG elecrode sites were shaved
and then cleaned with alcohol wipes. EMG electrodes
were placed following the guidelines of the Surface
ElectroMyoGraphy for the Non-Invasive Assessment
of Muscles project (SENIAM project; www.seniam.
org). In particular, the gluteus maximus markers
were placed 2cm apart halfway between the line
from the second sacral vertebrae and the greater
trochanter of the femur, and the gluteus medius
markers were placed 2cm apart and halfway along
the line connecting the iliac crest to the greater
trochanter.

Data analysis

Musculoskeletal modelling approach

We employed a publicy available musculoskeletal
model of the lower limb (FreeBody; www.msksoftware.
org.uk) in order to calculate estimates of the lower
limb forces expressed during the HHP. The FreeBody
model is described in great detail in a number of sepa-
rate publications which catalogue its (1(:\'t:lc»;:rmcnl.l -
the public version used in this slud’v‘“." and the valida-
tion and verification of the model,” “* and so only a
brief description of the analysis approach is provided
here.

FreeBody represents the right lower limb as a
three-dimensional linked chain of five nigid segments
representing the foot, calf, thigh, patella and pelvis
where the location and orientation of each segment

2 Parr M, ot & BM) Opan Sport Exerc Med 2017,3:0000245. dor10.1136/misem-2017-000245
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Body mass (kg) 1033 (1104 101.8 (206

1RM, ana repatition maximum; HHP, hang pull from tha high hang.

are calculaud from the motion capture data. The
y of the musculoskeletal system is then calcu-
lated based on the posture of the model using data
taken from lhe cadaver studies of Klein Horsman
and coll * The i of motion of the
lower limb are posed in the global coordinate system
using the wrench and quaternion notation of Dumas
and colleagues”™ and are parameterised on a frame
by frame basis using the mu sculoskeletal y
segment Kkinematics, segment amhropomen'y
the force plate data. For each frame, this ylelds a
system of 22 equations of motion with 193 unknown
variables (muscle, ligament and joint contact forces),
that is, an indeterminate system for which there are
Ily many p ible solutions. In order to solve
] of moti . the sol space is first
narrowed by applying constraints based on the physi-
ology of the musculoskeletal system (eg, muscles can
only pull not push). The most physiologically likely
solution is then selected using an optimisation
approach. Specifically, the solution which minimises
the sum of the muscle stresses and normalised liga-
ment forces raised to the third power (equation 1'”
is found using the fmincon function of
MATLAB (V.2016b; Mathworks, Natick, Massachu-
setts, USA) for each frame individually.

S B o

where F| is the predicted force in the ith muscle; Fmax,
is the maximum force capability of the ith muscle; L is
the predicted force in the ith ligament; Lmax; is the
failure limit of the ith ligament.

EMG analysis

EMG amplitude data were collected, rectified and
smoothed to an egﬂoch of 50ms via the average over
samples algorithm ™ *' using the Acqknowledge data
acquisition and analysis software (BIOPAC Systems,
42 Aero Camino Goleta, CA 93117, USA). The
smoothed EMG data were then normalised against
the MVCs.

Statistical analysis
The performance of each repetition of the HHP was
normalised by reference to the position of the
marker on the right anterior iliac spine—times
to=0Oand t;=1 were defined to be when the vertical
displacement of the marker was at its smallest and
greatest, respectively. The normalised values were
then interpolated using the spline function of
MATLAB to find values at regular intervals of 0.01
between t=—1.0and t=1.02. These values were then
combined to produce mean composite curves for
each time series, for each subject and each trial and
then for the overall means for control and activation
trials.

Peak values of the ground reaction force, muscle
force estimates and joint angles were identified from
the mean curves of each subject and differences
between warm-ups were assessed with a multivariate
repeated measures analysis of variance (ANOVA) in
IBM SPSS Statistics V.22.0 (Inter i
Machines Corporation; alpha  set

to p<0.05 a

Control warm-up

2satsof 8

2 sats of 5 each leg

2setsof 8 -

1 sat of 6 each leg*

*The planks Involved a 25 hold of position at the top for each rapetition,

Par M, &t sl BWJ Opan Sport Exeve Mad 2017,3:6000245. dei-10.1136bmjs2m-2017-000245 3
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Figure 1 ustrative Images of a typical subject during a
tasting (A) Subject | diately prior to performing a
high hang pull and (8) subject performing an activation
exercise (prone plank with hip extension).

priori). The mean peak values of the normalised
EMG signals and the baseline EMG signals (ie, the
signal when the subject was holding the bar prior to
the HHP) were found for each subject and trial. A
two-factor repeated measures ANOVA was used to
test for differences in this data (p<0.05). Finally,
Cohen's d was calculated as a measure of effect size.

RESULTS
There were no differences in the ground reaction
forces between control and activation trials (figure 2).
Similarly, there were no statistically significant differ-
ences in hip or knee joint angles (figure 3), although
the effect sizes of some of the differences in the peak
non-sagittal plane angles were moderate to moderately
large. In particular, during the activation trial, subjects’
hips were more externally rotated (d=0.75, p=0.12),
whereas their knees were in a less varus position
(d=0.54, p=0.15).

The estimated muscle forces for the wo trials are
depicted in figure 2. There were no significant differ-
ences in the peak estimated muscle forces between the

Open Access 8

two trials (p=0.053). The effect sizes of the increase in
peak  hamstring  (d=0.68, p=0.07) and gluteus
maximus forces (d=0.76, p=0.05) were moderately
large, whereas the effect size of the increase in peak
gluteus medius (d=0.46, p=0.26) and quadriceps
(d=0.12, p=0.81) forces were smaller.

There were no statistically significant differences in
the baseline EMG activity of either gluteus maximus or
medius (figure 4). There was a trend for the mean
peak EMG activity during the HHP to decrease from
the control to the activation trial. This decrease was
statistically significant for gluteus maximus when the
cohort was considered as a whole (effect sizes of
d=0.30and d=0.20 for ALL and FB, respectively) and
for gluteus medius when considering just the group
that was analysed using FreeBody (effect sizes of
d=0.28 and d=0.49 for ALL and FB, respectively).

DISCUSSION

The effect of gluteal activation warm-up on performance of
the HHP

In this study, we sought to explore the effect of a
gluteal activation warm-up on the performance of an
explosive exercise (the HHP). The major findings of
our study are as follows. First, there was no effect of
the activation warm-up on the performance outcome
(ie, there were no differences in the ground reaction
forces). Second, there were no statistically significant
differences in the kinematics of the HHP between the
two warm-ups and the sagittal plane kinematics were
markedly similar. However, the effect sizes of the peak
differences in knee varus and external hip rotation
were moderate and moderately large, respectively.
Third, there were no significant differences in the peak
estimated muscle forces; however, there was a trend for
increased hamstring and gluteus maximus forces after
the activation warm-up and the effect sizes of the
differences in peak hamstring and gluteus maximus
forces were moderately large. Finally, there were some
statistically significant decreases in the EMG of the
gluteal musculature after the activation warm-up of
small to moderate effect size.

The clinical premise for performing gluteal activation
exercises as part of a warm-up is that this will facilitate
the use of the gluteal muscle group during activity.
Despite the relatively small number of statistically
significant differences found in this study, this research
does tend to support this premise. In particular, the
trends found among the muscle force estimates and
the non-sagittal plane kinematics are consistent with
the common clinical understanding of the impact of
greater gluteal activation. That is, there was a greater
external rotation of the hip that was commensurate
with an increased force production by the glutes and
that the knee was closer to a neutral alignment. In
addition, the differences in muscle force estimates did
approach significance (p=0.053), and the effect sizes of
the key differences in muscle force estimates and non-

4 Par M, ot & 84 Opan Sport Exee Med 2017,3:0000245. dor10.1136/mmisem-2017-000245
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Figure 2 Ground reaction forces and estimated muscle forces during performance of a high hang pull after both a control and

an activation warm-up (as a multiple of body weight (BW)).

sagittal plane kinematics were moderately large. Taken
as a whole, these results do tend to suggest that a
ghuteal activation warm-up can change the relative
muscular involvement within an activity and that this
can have a positive impact on the posture of the lower
limb.

In contrast with some of the previous literature,'’
'* this study did not d rate any ch in the
performance outcome after activation warm-up. One
reason for this may be that previous authors have
been somewhat overeager to support the efficacy
(and use) of gluteal activation warm-ups and have
overstated the meaning of their results. For
instance, Crow and colleagues'' argued that explo-
sive power output was enhanced by an activation
warm-up based on a small (effect size=0.233) but
statistically  significant  increase in peak power
output. This is especially bold given that an
increase in peak power output does not necessarily
mean there was an increase in jump height (jump
heights were not reported). Similarly, Comyns and
colleagues'® reported that a gluteal warm-up can
enhance force production based on changes in the
ground reaction force-time curve, despite the fact

that jump performance (height) was impaired for all
of their post-warm-up jumps. The same group also
suggested that a gluteal activation protocol can
improve acceleration performance’” but again this
was based on a small, significant effect size (a
difference in 10 m sprint time of 0.02s; d=0.2,
p=0.021). What is particularly surprising in all of
this previous literature is the focus on investigating
whether the performance outcome is improved,
especially when the clinical rationale for including
gluteal  activation  exercises in  an  athlete's
programme is often more focused around improving
movement quality.

Potentiation of the gluteal musculature by activation warm-
up?

One of the most interesting findings of this study
was the fact that there was a significant decrease in
the EMG signal following the activation warm-up,
despite the fact that the ground reaction forces were
unchanged and that there was a trend for the esti-
mated muscde forces to increase. There are two
candidates that might explain this finding. The first
is that after the gluteal activation warm-up the

Par M, &t &l BMU Open SporT Exeve AMed 2017,3:6000245. dei10.1136bmjs2m-2017-000245 5
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Figure 3 Hp and knee joint angles dunng the performance of a high hang pull after both a control and an activation warm-up.

kinematics of movement were altered in such a way
that the glutes were able to operate at a more
optimal position on their length-tension curve. This
might then mean that a given level of neural drive
would result in greater force production by the
muscle. Certainly, our results did indicate that there

g A

o

EMG Activity (% MVCQ)

)

MH— GM-MI-

I

Gmun “\Iﬂ a—u- GluteMax  GluteMed  Ghote Med

may be some difference in the kinematics of the hip
joint after the activation warm-up, but although the
effect sizes of these differences were moderately
large, they still only amounted to a few degrees,
making this explanation seem less likely. The second
possible explanation is that the gluteal activation

re) (AX) (&)

Figure 4 Mean peak electromyography (EMG) activity (% maximum voluntary contraction (MVC)) of gluteus maximus and
medus while holding the barbell (A; baseline) and during the performance of a high hang pull (8) after both a control and an
activation warm-up (* indicates a significant difference between control and activation trials; p<0.05).
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warm-up potentiated the musculature of the glutes in
such a way that the musde contracted more strongly
in response to a given neural signal. There is recent
evidence'” that specific training of the ghuteal muscu-
lature can increase corticomotor excitability which is
thought to be consistent with an improved ability of
the neuromuscular system to recruit the affected
musculature. That is, a stronger response is evoked
by a given neural signal.”™ Our results are therefore
consistent with the suggestion that the gluteal activa-
tion warm-up increased the corticomotor excitability
of the glutes acutely. Such a phenomenon would
offer an exciting validation of the use of therapeutic
exercises to prime performance.

Of course, it should also be acknowledged that these
suggestions are based on an entirely credulous inter-
pretation of our findings and that both the musde
force estimates and the EMG data should be treated
with caution. A further explanation for the discrepancy
between EMG measurements and muscle force esti-

Conclusions

The results of this study provide support for the
employment of gluteal activation exercises as a
strategy to acutely facilitate the recruitment of the
gluteal and hamstring musculature and that this may
result in improved movement quality. In addition,
the results of this study add tacit support to the
notion that the mechanism of the increased recruit-
ment is through a potentiation of the neuromuscular
system such that a given neural drive evokes greater
force production.
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mates might simply be that the muscle force esti

are incorrect. However, this alternative explanation
still would not explain why the ground reaction forces
remained unchanged when the EMG activity was
decreased.

Musculoskeletal models can provide clinical insight of
relevance to practitioners

In this study, the use of FreeBody was a key aspect
of the experimental approach. Musculoskeletal
modellers envisage that such models can be used to
evaluate and simulate movement to provide general
advice for clinicians, but that ultimately such models
will progress to a point where they can be used on a
subject-specific basis to guide medical, surgical, ther-
apeutic and exerdise interventions.”" "' This study
represents an important milestone towards this goal
as, to our knowledge, this is the first study to
employ a musculoskeletal model to evaluate the
acute effect of an exercise intervention. The results
of this study exemplify how musculoskeletal models
can provide insight that may not be available from
more traditional approaches. In particular, in this
study, the EMG results alone might indicate that the
gluteal activation warm-up actually caused a decrease
in the involvement of the glutes in the movement,
when the model analysis suggests the contrary.

Of course, the results of musculoskeletal modelling
studies like this one are not without their own caveats.
In particular, it is important that readers understand
that the muscle forces reported here are estimates and
are not directly measured. Similarly, the model
employed here is generic and induding further subject
specific detail is likely to lmpmvc the accuracy of the
muscle force estimation.”
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ABSTRACT

Pwrpose/Background: Previous research studies by Bolga, Ayotte, and Distefano have examined the level of muscle
recruitment of the gluteal muscles for various clinical exercises; however, there has been no cross comparison among
the top exercises from each study. The purpose of this study is to compare top exercises from these studies as well as
several other commonly performed clinical exercises to determine which exercises recruit the gluteal muscles, specifi-
cally the gluteus medius and maximus, most effectively.

Methods: 'Twenty-six healthy subjects participated in this study. Surface EMG electrodes were placed on gluteus
medius and maximus to measure muscle activity during 18 exercises. Maximal voluntary muscle contraction (MVIC)
was established for each muscle group in order to express each exercise as a percentage of MVIC and allow standard-
ized comparison across subjects. EMG data were analyzed using a root-mean-square algorithm and smoothed with a
50 millisecond time reference. Rank ordering of the exercises was performed utilizing the average percent MVIC peak
activity for each exercise.

Results: Twenty-four subjects satisfied all eligibility criteria and consented to participate in the research study. Five
of the exercises produced greater than 70%MVIC of the gluteus medius muscle. In rank order from highest EMG value
to lowest, these exercises were: side plank abduction with dominant leg on bottom (103%MVIC), side plank abduction
with dominant leg on top (89%MVIC), single limb squat (82%MVIC), clamshell (hip clam) progression 4 (77%MVIC),
and font plank with hip extension (75%MVIC). Five of the exercises recruited gluteus maximus with values greater
than 70%MVIC. In rank order from highest EMG value to lowest, these exercises were: front plank with hip extension
(106%MVIC), gluteal squeeze (81 %MVIC), side plank abduction with dominant leg on top (73%MVIC), side plank
abduction with dominant leg on bottom (71 %MVIC), and single limb squat (71%MVIC). Four of the exercises pro-
duced greater than 70%MVIC for both gluteus maximus and medius muscles.

Conclusions: Higher %MVIC values achieved during performance of exercises correlate to muscle hypertrophy.®
By knowing the %MVIC of the gluteal musculature that occurs during various exercises, potential for strengthening
of the gluteal muscles can be inferred. Additionally, exercises may be rank ordered to appropriately challenge the
gluteal musculature during rehabilitation.

Keywords: gluteus medius, gluteus maximus, muscle recruitment, rehabilitation exercise
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INTRODUCTION

The lower extremity functions in a kinematic chain,
leading many researchers in recent years to examine
the mechanical effect of weak proximal musculature
on more distal segments."* Previous research by Dis-
tefano,” Bolgla,* and Ayotte’ has sought to determine
the most appropriate exercises to strengthen the glu-
teal muscles due to their role in maintaining a level
pelvis and preventing hip adduction and internal
rotation during single limb support.”® Measurement
of such femoral torsion and pelvic rotation in the
transverse plane, along with measurement of pelvic
tilt in the sagittal plane can indicate abnormal align-
ment of the hip joint.” Numerous pathologies have
been described which are related to the inability to
maintain proper alignment of the pelvis and the
femur, including: tibial stress fracture,” low back
pain,” iliotibial band friction syndrome,"" anterior
cruciate ligament injury,'’* and patellofemoral
pathology.*'*'#151%7" While Distefano,” Bolgla,* and
Ayotte® have examined a wide range of exercises used
to strengthen the hip musculature, to the knowledge
of the authors, no cross comparison amongst the top
exercises from each study has been performed.

Similar to Distefano,” Ayotte,' and Bolgla,® exercises
examined in the current study were rank ordered
according to their recruitment of specific gluteal mus-
culature and expressed as a percent of the subject’s
maximum volitional isometric contraction (MVIC).
By knowing the approximate percentage of MVIC
(%MVIC) recruitment of each of the gluteal muscles
in a wide variety of exercises, the exercises may be
ranked to appropriately challenge the gluteal muscu-
lature. MVIC was established in the standard manual
muscle testing positions for gluteus medius and maxi-
mus, as described by Daniels and Worthingham."* The
use of the sidelying abduction poesition is supported
by the results of Widler,” where similarity in EMG
activity for weight bearing and sidelying abduction
(ICC's 0.880 and 0.902 for the respective positions)
demonstrated that it is acceptable to use the MVIC
value obtained during the standard manual muscle
test position in order to establish a percentage MVIC
for a weight bearing exercise.

Several previously published research articles helped
to establish the parameters for determining a suffi-
cient level of muscle activation for strength gains

referenced in the current study. Anderson found that
in order for strengthening adaptation to occur, muscle
stimuli of at least 40-60% of a subject’s MVIC must
occur.” When quantifying muscular strength, work by
Visser correlates the use of a MVIC and a one-repeti-
tion maximum.” In order to gain maximal muscular
hypertrophy, Fry's work suggests an 80-95% of a sub-
ject’s one repetition maximum must be achieved.™
Based on the work by Anderson,” Visser,” and Fry,”
for the purposes of this study, exercises producing
greater than 70%MVIC were deemed acceptable for
enhancement of strength.

Distefano examined electromyography (EMG) signal
amplitude normalized values of gluteus medius and
gluteus maximus muscles during exercises of vary-
ing difficulty in order to determine which exercises
most effectively recruit these muscles.” Rank order
of exercises and %MVIC of Distefano’s study can be
viewed in Table 1. Of the top five exercises for the
gluteus medius described by Distefano, the authors
of the current study chose to reexamine sidelying hip
abduction, single limb squat, and the single limb
deadlift. Lateral band walk was not included in the
current study as the researchers wished to only exam-
ine exercises that required no external resistance.

Research by Bolgla and Uhl also examined the mag-
nitude of hip abductor muscle activation during reha-
bilitative exercises.' Their results may be viewed in
Table 2. Of the exercises studied by Bolgla et al, the
authors of the current study chose only to look at the
pelvic drop and sidelying hip abduction. These two
exercises were chosen since the primary intention
of the current study was to compare an exercise's
recruitment of the gluteal musculature, and not the
activation effects of weight bearing versus non-weight
bearing on the musculature.

Finally, Ayotte et al. used EMG to analyze lower
extremity muscle activation of the pelvic stabilizers
as well as the quadriceps complex during five unilat-
cral weight bearing exercises,” displayed in Table 3.
The authors of the current study elected to forgo ana-
lyzing a single-limb wall squat and a single-limb mini-
squat due to their similarity to the single-limb squat.
Forward step-up and lateral step-up were included in
the current analysis. The current study serves to com-
pare top exercises from these previously published
studies, as well as several other commonly performed
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istefano et al’ Values are described as %MVIC, foil

1.

ed by rank tin parer

Exercise Condition Glut Max Glut Med
%MVIC %MVIC (rank)
(rank)
Side-lying hip abd 39(6) g1 (1)
Clam with 30 hip flex 34010 40(10)
Clam with 60 hip flex 39(6) 38(12)
Single-limb squat 59(1) 64(2)
Single-limb deadlift 59(1) 58(4)
Lateral band walk 27(12) 61(3)
Forward lunge 44 42(9)
Sideways lunge 41(5) 39(11)
Transverse lunge 49 (3) 48 (6)
Forward hop 35(8) 45(8)
Sideways hop 30011 57(5)
Transverse hop 35(8) 48 (6)

Exercise condition Glut Med
% MVIC

Pelvie drop 57

WB with flexion left hip abd T

WB left hip abd 42

NWB sidelying hip abd 2

NWB standing hip abd 33

NWB standing flexed hip abd s

* WB = Weight Bearing, NWB = Noa-Weight Beanng,

Abd = Abduction

clinical exercises in order to determine the exercises
that are most effective at recruiting the gluteus maxi-
mus and medius.

METHODS

Subjects

This study was approved by the Institutional Review
Board of Belmont University. A total of 26 subjects
were recruited from within the university and sur-
rounding community through flyers and word of
mouth. Healthy subjects who were able to perform
exercise for approximately one hour were included
in the study and reported to the laboratory for a sin-
gle testing session. At this time they completed an

Table 3. K1

as %$MVIC, | ed by g
Exercise condition Glut Max Glut Med
%MVIC (rank) % MVIC
(rank)
Wall squat g6 (1) 52(1)
Mini-squat 57(4) 36(5)
Front step up T4(2) “442)
Lateral step up 56(5) 38(3)
Retro step up 59(3) 37(4)

informed consent form as well as a health history
form and comprehensive lower quarter screen to
identify exclusionary criteria. Pain when performing
exercises, current symptoms of injury, history of ACL
injury or any lower extremity surgery within past
two years, and age of less than 21 years were criteri-
ariteria for exclusion.

Testing Procedures

EMG data were collected and analyzed on the domi-
nant leg, identified by which leg the subject used to
kick a ball.*** Alcohol wipes were used to clean the
skin over the gluteal region prior to electrode place-
ment. Schiller Blue Surface electrodes (Schiller America
Inc.; Doral, FL) were placed over the gluteus medius
and gluteus maximus muscles of the subject’s dominant
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Figure 1. Maximum voluntary isometric contraction testing
example set up.

side,® per standard EMG protocol.* In order to ensure
consistent electrode placement throughout testing,
clectrodes were secured with surgical tape. Place-
ment was confirmed by viewing EMG signals while
separately activating each muscle. Subjects then per-
formed a sub-maximal warm-up for five minutes on a
stationary bicycle while watching a brief video of the
exercises to be performed in order to familiarize sub-
jects with exercise technique. A five-second MVIC
was performed three times in the standard manual
muscle testing protocol positions for each gluteal
muscle'*"* with one minute of rest between each con-
traction. A strap was secured around the distal femur
during muscle testing for both muscles to ensure
standardization of resistance (Figure 1). Verbal encour-
agement was given with each trial.

Exercise order was randomized using a random pat-
tern generator® in order to avoid any order bias due
to fatigue. Subjects were barefoot while performing
exercises to prevent any potential variations that may
have occurred due to footwear. Tivo minutes of rest
was given between the performance of each exercise.
Subjects performed eight repetitions of each exercise,
three practice repetitions and five repetitions that
were used for data collection. Exercises were per-
formed to a metronome set at 60 beats per minute to
standardize the rate of movement across subjects.

To replicate a clinical setting, researchers chose to
use visual analysis of movement to ensure proper
exercise technique rather than an electrogoniometer
or movement analysis software since both of these

Figure 2. CorTex™ equipment (Performance Dynamics,
San Diego, CA).

procedures are unlikely to be available in a clinic. To
ensure proper exercise technique, each subject was
allowed three practice repetitions prior to data collec-
tion and any necessary verbal and tactile cues by the
instructing researcher. A description of each exercise
may be found in Appendix A. After completing all
exercises, the subject's MVIC was reassessed to ensure
electrodes had not been displaced during testing.

The equipment used for the conditions which
required an unstable surface is the Core-Tex Balance
Trainer™ (Performance Dynamics; San Diego, CA), a
new piece of exercise equipment which is a platform
mounted on a half-sphere atop a circular basin lined
with ball bearings, creating an unstable and rapidly
accelerating surface (Figure 2). The Core-Tex™ was
developed to train a healthy fitness population; how-
ever, it may also be used to train individuals during
rehabilitation in a clinical setting.

Data Analysis

All data were rectified and smoothed using a root-
mean-square algorithm, and smoothed with a 50 milli-
second (msec) time reference. Peak amplitudes were
averaged over a 100 msec window of time, 50 msec
prior to peak and 50 msec after the peak.
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Table 4. Results Aute
Exercise condition #

ent, %A\

and rank for all exercises

Y%eMVIC Rank

Subjects | Gluteus Gluteus
Included | Medius Medius
for
analysis
Side plank abd, DL down 21 103.11 |
Side plank abd, DL up 22 88.82 2
Single limb squat 22 82.26 3
Clamshell (Hip Clam) 4 23 76.88 4
Front plank with Hip Ext 23 75.13 5
Clamshell (Hip Clam) 3 22 67.63 6
Side-lying abd 23 6291 7
Clamshell (Hip Clam) 2 22 62.45 8
Lateral step-up 21 59.87 9
Skater squat 22 59.84 10
Pelvic Drop 23 58.43 11
Hip circumduction, stable 23 57.39 12
Dynamic Leg Swing 22 57.30 13
Single limb deadlift 22 56.08 14
| Single limb bridge, stable 22 54.99 15
Forward step-up 22 54.62 16
Single limb bridge, unstable | 20 47.29 17
Clamshell (Hip Clam) | 22 47.23 18
Quadruped hip ext, DOM 23 46.67 19
Gluteal squeeze 23 43.72 20
Hip circumduction, unstable | 23 37.88 21
Quadruped hip ext, non- 23 22.03 22
DOM
To determine MVIC, the middle 3/5"™ time for each RESULTS

manual muscle test trial was isolated and the peak value
determined. The highest peak value out of the three tr-
als was recorded and determined to be the MVIC.

In order to establish %MVIC for each exercise per-
formed by an individual subject, data were collected
for the last five repetitions of each exercise. If the
EMG data were clearly cyclic, the middle three repeti-
tions were analyzed. If it was difficult to determine
when a repetition started and stopped on visual anal-
vsis of EMG data, then the middle 3/5" of the total
time to perform the five repetitions was analyzed.
The highest peak out of the three repetitions was then
divided by MVIC to yield %MVIC for that individual.

To determine %MVIC values for rank ordering of
exercises, the %MVIC for each muscle was averaged
between all subjects for each exercise.

Twenty-four subjects satisfied all eligibility criteria
and consented to participate in the research study.
Data from one subject were excluded due to faulty
data from the EMG leads for both muscles, and data
from another subject were excluded due to faulty data
from the EMG lead for gluteus maximus only. There
were a few other isolated instances of faulty data from
EMG leads, in which case the subject's data were
excluded from analysis for that specific exercise. The
number of subjects included in data analysis for each
exercise can be referenced in Tables 4 and 5. Due to
the advanced level of some of the exercises included
in the current study, such as single limb bridge on
unstable surface and side plank, some subjects were
unable to successfully complete all exercises. In these
instances, subject data were not included in data anal-
ysis for that specific exercise. Peak amplitudes,
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Iable 5. R for Gluteus Maximu. 2 and rank for
Exercise condition B YeMVIC Rank
Subjects | Gluteus Gluteus
Included | Maximus Maximus
for
analysis
Front plank with Hip Ext 22 106.22 1
Gluteal squeeze 22 80.72 2
Side plank abd, DL up 22 72.87 3
Side plank abd, DL down 21 70.96 A
Single limb squat 22 70.74 5
Skater squat 21 66.18 6
Lateral step-up 20 63.83 7
Quadruped hip ext, DOM 22 59.70 8
Single limb deadlift 21 58.84 9
Forward step-up 22 54.67 10
Single limb bridge, stable | 21 54.24 11
Clamshell (Hip Clam) | 22 53.10 12
Side-lying abd 22 51.13 13
Single limb bridge, unstable | 18 49.35 14
Hip circumduction, stable 22 37.85 15
Dynamic leg swing 22 33.65 16
Hip circumduction, unstable | 22 28.87 17
Clamshell (Hip Clam)3 | 22 26.63 I8
Clamshell (Hip Clam) 4 22 26,22 19
Pelvic Drop 22 25.10 20
Quadruped hip ext, non- 22 21.04 21
DOM
Clamshell (Hip Clam) 2 22 12.36 22

Table 6. Top exercises for muscie activation of both gluteus medius and gluteus maximus (> 70% MVIC)

Exercise condition YeMVIC Gluteus YMVIC Gluteus
Medius Maximus

Front plank with Hip Ext 75.13 106.22

Side plank abd, DL up 88.82 72.87

Side plank abd, DL down 103.11 70.96

Single limb squat 82.26 70.74

expressed as %MVIC for gluteus medius and gluteus
maximus, are rank ordered in Tables 4 and 5. Five of
the exercises produced greater than 70%MVIC of the
gluteus medius muscle. In rank order from highest
EMG value to lowest, these exercises were: side plank
abduction with dominant leg on bottom (103%MVIC),
side plank abduction with dominant leg on top
(89%MVIC), single limb squat (82%MVIC), clamshell
(hip clam) progression 4 (77%MVIC), and font plank

with hip extension (75%MVIC). Five of the exercises
recruited gluteus maximus with values greater than
70%MVIC. In rank order from highest EMG value to
lowest, these exercises were: front plank with hip
extension (106%MVIC), gluteal squeeze (81 %MVIC),
side plank abduction with dominant leg on top
(73%MVIC), side plank abduction with dominant leg
on bottom (71%MVIC), and single limb squat
(71%MVIC). Table 6 displays the exercises that
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produced greater than 70%MVIC for both gluteus
medius and maximus muscles. These exercises
included front plank with hip extension (75%MVIC,
106%MVIC), side plank abduction with dominant leg
on top (89%MVIC, 73%MVIC), side plank abduction
with dominantlegonbottom (103%MVIC, 71 %MVIC),
and single limb squat (82%MVIC, 71%MVIC) for glu-
teus medius and maximus respectively.

DISCUSSION

The main objective of this study was to examine
muscle activity during common clinical exercises
used to strengthen the gluteus medius and gluteus
maximus muscles. This study sought to analyze and
compare information reported in previous studies
by Distefano, Bolga, and Ayotte regarding ranking of
various therapeutic exercises using ¥MVIC. The sec-
ondary objective was to describe %MVIC for other
commonly used therapeutic exercises not previously
reported upon. The authors of this study chose to
examine peak amplitude averaged over a 100 ms win-
dow, 50 ms prior to peak and 50 ms after the peak,
during repetitions five, six and seven, the highest of
which was converted to %MVIC. This methodology
is similar to studies by both Distefano® and Bolgla.’
Ayotte et al. averaged EMG activity over a 1.5 sec
window during the concentric phase of each exer-
cise.” Due to slight differences in data collection and
data analysis between the current study, and studies
conducted by Distefano, Bolgla and Ayotte, interpre-
tation of results and similarities across studies will
predominantly address the sequence of rank order as
opposed to absolute values for the %MVIC.*

There were two exercises where %MVIC was found to
be higher than MVIC, side plank abduction with domi-
nant leg down (103%MVIC) for gluteus medius and
front plank with hip extension (106%MVIC) for glu-
teus maximus. There are several possibilities as to why
these findings may have occurred. One possibility is
that subjects lacked sufficient motivation to perform a
true maximal contraction during MVIC testing, despite
the fact that verbal encouragement was given to all
subjects during max testing of both muscles. Another
possibility is that subjects were not able to truly give a
maximum effort during the manual muscle test
Authors of previous research have reported that in
order to obtain a true maximum contraction, it is nec-
essary to superimpose an interpolated twitch, which is

an clectrically stimulated contraction, on top of the
maximum voluntary contraction.” Current research in
electrophysiology is further examining this phenome-
non with mixed results regarding sensitivity of various
interpolated twitch techniques, differences in method-
ology, and interpretation of their results.”*** Future
researchers using MVIC for standardization across sub-
jects should follow this research closely in order to
ensure the most accurate methodology is used for
establishing maximal voluntary muscle contractions.
A final possibility is that with these exercises there was
substantial co-contraction of the core musculature,
which may have led to higher values than could be
obtained during isolated volitional contraction. In the
MMT positions used to establish MVIC the pelvis is
stabilized against the surface of the table with relatively
isolated muscle recruitment. In both of the above
mentioned exercises, the pelvis does not have external
support and higher EMG values could reflect increased
activity due to an increased need for stabilization
resulting in synergistic co-contraction. Future research
may need to examine differences in muscle recruit-
ment and activation patterns in exercises that test iso-
lated muscle function versus ones that require core
stabilization resulting in co-contraction.

Gluteus Medius

Table 7 depicts the top gluteus medius exercises deter-
mined by the authors of the current study as refer-
enced to the exercises examined in studies performed
by Distefano,” Bolgla,' and Ayotte.” The authors of the
current study found highest %MVIC peak values for
side plank abduction with dominant leg on bottom
(103%MVIC), side plank abduction with dominant leg
on top (89%MVIC), single limb squat (82%MVIC),
clamshell progression 4 (77%MVIC), and front plank
(75%MVIC) as outlined in Table 7. Four of the top five
exercises were not previously examined by Distefano,’
Bolga,' or Ayotte.” All of these exercises exhibited
greater than 70%MVIC, the peak amplitude necessary
for enhancement of strength, suggesting they may
have benefits for gluteus medius strengthening. How-
ever, these exercises are all very challenging and
would not be appropriate for initial strengthening in
patients with weak core musculature due to their high
degree of difficulty and the amount of core stabiliza-
tion required. The possible exception may be clam-
shell progression 4, due to the stabilization provided to
the subject when lying on the floor to perform the
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study a no,* B q,

Exercise condition Current Distefano” | Bolgla Avotte
Study
1 | Side plank abd, DL down 103
2 | Side plank abd, DL up 89
3 | Single Limb Squat 82 64 52+
4 | Clamshell (Hip Clam) 4 77
5 | Front plank with Hip Ext 75
7 | Side-lying abd 63 81 42
9 | Lateral step-up 60 38
11 | Pelvie Drop 58 57
14 | Single limb deadlift 56 58
16 | Forward step-up 55 44
18 | Clamshell (Hip Clam) | 47 40
[*Single-limb wall squat

exercise. While the top exercises in this study produced
the greatest peak amplitude EMG values, it is also
important to consider functional demands and dosage
when selecting an exercise for muscle training and
strengthening, especially in early stages of rehabilita-
tion of a weak or under-recruited muscle.

The top gluteus medius exercises from Distefano's
study were sidelying hip abduction (81%MVIC), sin-
gle-limb squat (64%MVIC), and single limb dead lift
(58%MVIC)." With the exception of single limb squat,
the current study found similar rank order with val-
ues of 63%MVIC, 82%MVIC, and 56%MVIC respec-
tively. Of note, Distefano's subjects performed the
single limb squat to a predetermined knee flexion
angle of approximately 30 degrees,” while the cur-
rent study had the subjects perform the exercise to a
predetermined chair height of 47 ecm. This differ-
ence in methodology may account for the difference
in findings across the two studies. The methodology
used by Distefano may allow for greater normaliza-
tion, as squatting to a predetermined knee flexion
angle allows for equal challenge to all subjects,
where as squatting to a predetermined height cre-
ates a greater challenge for taller subjects.

Bolga's top exercise for gluteus medius was the pelvic
drop (57%MVIC).! The current study found a similar
value at 58%MVIC, although this exercise was ranked
11™ out of the 22 exercises evaluated. This exercise
should not be discounted; however, as it is a func-
tional training exercise for pelvic stabilization in sin-
gle limb stance, and many gait abnormalities and

lower extremity pathologies are the result of the glu-
teus medius muscle’s inability to properly and effec-
tively stabilize the pelvis during single limb stance.

Bolga found sidelying abduction to have a value of
42%MVIC," which is significantly lower than the
findings in either the Distefano’ or the current study.
In general, qualitative movement analysis during
performance of sidelying abduction reveals poor
technique with frequent substitution using the ten-
sor fascia lata muscle demonstrated through increased
hip flexion during abduction, which may have
accounted for the low value found in the Bolga study.”
Furthermore, subjects in both the Distefano and the
Bolgla study maintained the bottom leg in neutral
hip extension and knee extension,** while subjects
in the current study were allowed to flex the bottom
hip and knee in order to provide greater support and
stabilization during abduction of the top leg.

Ayotte’s top exercise was the unilateral wall squat
(52%MVIC),” which is comparable to the single limb
squat, ranking in the top three exercises in both the
current study and in Distefano’s study,’ although the
external stabilization provided in the unilateral wall
squat should be considered. Ayotte ranked forward
step-up (44%MVIC) higher than lateral step-up
(38%MVIC),” whereas the authors of the current
study ranked lateral step-up (60%MVIC) higher than
forward step-up (55%MVIC). It should be noted that
subjects were allowed upper extremity external sup-
port during the exercise in Ayotte’s study which may
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Exercise condition Current Study | Distefano’ Ayotte
1 Front plank with Hip Ext 106
2 Gluteal squeeze 81
3 Side plank abd, DL up 73
B Side plank abd, DL down 71
5 Single limb squat 71 59 86*
7 Lateral step-up 64 56
9 Single limb deadlift 59 59
10 | Forward step-up 55 74
12 | Clamshell (Hip Clam) | 53 34
13 | Side-lying abd 51 39
[*Single-limb squat

account for these differences,® along with differ-
ences in data analysis described previously.

Gluteus Maximus

Table 8 depicts the top exercises for gluteus maxi-
mus of the current study. These include front plank
with hip extension (106%MVIC), gluteal squeeze
(81%MVIC), side plank abduction with dominant leg
on top (73%MVIC), side plank abduction with domi-
nant leg on bottom (71%MVIC), and single limb
squat (71%MVIC). The top four exercises from the
current study were not performed in other studies.
Bolgla’s study did not include assessment of perfor-
mance of the gluteus maximus so will notbe included
in the discussion below.*

Distefano's top exercises were single limb squat
(59%MVIC), single limb dead lift (59%MVIC), and
sidelying hip abduction (39%MVIC). Subjects per-
forming these same exercises in the current study pro-
duced results of 71%MVIC, 59%MVIC, and 51%MVIC,
respectively, demonstrating the same rank order of
muscle activity as these exercises in the Distefano
study.® The only differences in rank ordering between
the current study and Distefano's for gluteus maximus
were between clamshell progression 1 and sidelying
abduction;* however, within each study there was less
than 5%MVIC difference for each exercise when deter-
mining rank order (Table 8). As previously noted, dif-
ferences in technique and substitution are common
occurrences during the performance of sidelying abduc-
tion which may account for the differences found
between the two studies.

Ayotte ranked forward step-up (74%MVIC) higher
than lateral step-up (56%MVIC),” whereas the current
study ranked lateral step-up (64%MVIC) higher than
forward step-up (55%MVIC). Again, differences could
be attributed to variances in technique or the ability of
subjects in Ayotte's study to use external upper extrem-
ity support® as well as differences in data analysis.

The low ranking for stable single limb bridge (11%)
and unstable single limb bridge (14™) was somewhat
surprising as both are common exercises used clini-
cally for gluteus maximus strengthening. There
were several instances of subjects reporting ham-
string cramping during bridging on the unstable sur-
face, which led the researchers to suspect substitution
with the hamstrings during this exercise. The same
may hold true for bridging on the stable surface,
however there were fewer complaints. Future stud-
ies should examine muscle recruitment and activa-
tion patterns of gluteus maximus and the hamstrings
during various bridging activities.

The effect of a subject’s attention to volitional con-
traction of a muscle during an exercise should also
be considered. The gluteal squeeze was the only
exercise where verbal cues were explicitly given to
maximally contract the gluteal muscles while per-
forming the exercise, which could possibly have
contributed to its high ranking for performance by
the gluteus maximus. Future research should exam-
ine the difference in amount, if any, noted in mus-
cle recruitment when verbal instructions are given
to concentrate on the muscle contraction while
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performing the exercise versus no verbal instruc-
tions during performance. The effects of tone of
voice, volume of cues, and frequency of verbal cue-
ing are unknown.

CONCLUSION

Anderson and Fry have previously reported that
higher %MVIC values with exercises correlate to
muscle hypertrophy.”* By knowing the %MVIC of
the gluteus maximus and medius that occurs during
various exercises, the potential for strengthening
these muscles can be inferred. Subsequently, exer-
cises may be ranked to appropriately challenge the
gluteus maximus and medius during rehabilitation.
The authors of the current study found patterns
within their results consistent with previous research
published by Distefano and Bolgla.** The authors
conclude that differences in data collection and
analysis as well as the use of external upper extrem-
ity support may have accounted for the differences
noted between the current study and the study by
Ayotte.” One of the purposes of the current study
was to provide a rank ordered list of exercises for the
recruitment of the gluteus maximus and medius.
These rank ordered lists may help form the basis for
a graded rehabilitation program. For patients early
in the rchabilitation process, the clinician should
systematically determine which muscle they are
wishing to strengthen and use less difficult (lower
%MVIC) exercises. In order to maximally challenge
a patient’s gluteus maximus and medius, the authors
recommend using a front plank with hip extension,
a single limb squat, and a side plank on ecither
extremity with hip abduction.
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APPENDIX A

1. Clamshell (hip clam) Progression: Each
exercise is performed with the subject sidelying on
the non-dominant side. (Figure 3)

the top leg raised parallel to the ground. The sub-
ject maintains the height of the knee while inter-
nally rotating at the hip by bringing the foot
toward the ceiling for one beat and then returns

a. Progression 1 (upper left): Start position is
sidelying with hips flexed to approximately 45
degrees, knees flexed, and feet together. Subject
externally rotates the top hip to bring the knees
apart for one metronome beat and returns to
start position during the next beat.

b. Progression 2 (upper right): Start position iden-
tical to progression 1; however, in this progression
subject keeps the knees together while internally
rotating the top hip to lift the top foot away from
the bottom foot for one metronome beat, return-
ing to the start position during the next beat

c. Progression 3 (lower left): The subject is posi-
tioned identical to progressions 1 and 2, but with

to the start position during the next beat.

d. Progression 4 (lower right): The subject is
positioned the same as progression 3, but with
the hip fully extended. As in progression 3, the
subject maintains the height of the knee and
internally rotates at the hip by bringing the foot
toward the ceiling for one beat and returns to
the start position with knee and ankle in line
during the next beat.

2. Pelvic drop: Subject stands with dominant leg on
the edge of a 5 cm box (right), and then lowers the
heel of the non-dominant leg to touch the ground
without bearing weight, for one beat (left). Subject
returns foot to the height of the box while keeping
the hips and knees extended for one beat. (Figure 4)

Figure 3.
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Figure 6.

3. Sidclying abduction: Start with subject sidely-
ing on non-dominant side. Subject flexes the hip and
knee of the support side and then abducts the domi-
nant leg to approximately 30 degrees while main-
taining neutral or slight hip extension and knee
extension with the toes pointed forward for a count
of two beats up and two beats down. (Figure 5)

4. Side Plank with Abduction, dominant leg up:
(Start with subject in a side plank position with domi-
nant leg up. Subject is instructed to keep shoulders,
hips, knees, and ankles in line bilaterally, and then to
rise to plank position with hips lifted off ground to
achieve neutral alignment of trunk, hips, and knees.
The subject is allowed upper extremity support as seen
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Figure 7.

on left. While balancing on elbows and feet, the subject
raises the top leg into abduction (right) for one beat
and then lowers leg for one beat. Subject maintains
plank position throughout all repetitions (Figure 6).

5. Side Plank with Abduction, dominant leg down:
Exercise position is identical to Exercise 4 except on the
opposite side. Subject is instructed to abduct the non-
dominant uppermost leg for two beats and lowers leg
for two beats. Subject maintains plank position through-
out all repetitions.

6. Front Plank with Hip Extension: Start with sub-
ject prone on elbows in plank with trunk, hips, and
knees in neutral alignment (left). Subject lifts the
dominant leg off of the ground, flexes the knee of the
dominant leg, and extends the hip past neutral hip
alignment by bringing the heel toward the ceiling

(right) for one beat and then returns to parallel for
one beat. (Figure 7)

7. Single Limb Bridging on Stable Surface: Start
with subject in hook-lying pesition (left). The sub-
ject is instructed to bridge on both legs by keeping
the feet on the floor and raising hips off the ground
to achieve neutral trunk, hip, and knee alignment
for one beat. From this position, the subject extends
the knee of the non-dominant leg to full knee exten-
sion while keeping the femurs parallel (right) for
one beat, returns the non-dominant leg to the bridge
position for one beat, and then lowers the bedy back
to the ground for one beat (Figure 8).

8. Single Limb Bridge on Unstable Surface: Sub-
ject is positioned as in Exercise 7 and places the
dominant foot in the center of the Core-Tex™ (left).

Figure 8.
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Figure 9.

The subject performs the same sequence as above
(right) while maintaining the disc of the Core-Tex™
in the center. (Figure 9)

9. Hip Circumduction on Stable Surface: The sub-
ject places the non-dominant leg on the outside of the
base of the Core-Tex™ and stands to the side of the
Core-Tex™ on the dominant leg (left). The subject per-
forms a single limb squat while tracing the toe of the
non-dominant leg on the outside of the Core-Tex™base
(right) in an arc for three beats, then traces the toe
back to the start, while returning to a standing position

for three beats. Subjects were allowed two-finger uni-
lateral upper extremity support on the frame of the
Core-Tex™ for balance assist. (Figure 10).

10. Hip Circumduction on Unstable Surface: In
standing, the subject places the non-dominant foot on
the outer edge of the Core-Tex™ and stands to the side
of the Core-Tex™ on the dominant leg (left). The sub-
ject then performs a single limb squat on the domi-
nant leg while drawing an arc with the non-dominant
foot, extending the arc away from the subject for three
beats (right). The subject then returns the foot to the

Figure 10.
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Figure 11.

starting position by drawing the foot in, while return- 11. Single Limb Squat: Subject stands on the domi-
ing to a standing position for three beats. Subjects nant leg, slowly lowering the buttocks to touch a
were allowed upper extremity support as in Exercise 9. chair 47cm in height for two beats and then extends
(Figure 11) back to standing for two beats. (Figure 12)

Figure 12. Figure 13.
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Figure 14.

Figure 15.

12. Single Limb Deadlift: Subject stands on the
dominant leg and slowly flexes at the hip, keeping
the back straight, to touch the floor with the oppo-
site hand for two beats. Subject then extends at the
hip to standing for two beats. Subjects were permit-
ted to have knees either straight or slightly bent in
the case that hamstring tightness limited subject's
ability to touch the floor. (Figure 13)

13. Dynamic Leg Swing: Subject is positioned in stand-
ing on the dominant leg, and then begins to swing the
non-dominant leg (with the knee flexed) into hip flexion
(left) and extension (right) at a rate of one beat forward
and one beat backward. Subjects were instructed to
move through a smooth range of hip motion and to not
allow their trunk to move out of the upright position.
(Figure 14)

14. Forward Step-up: Beginning with both feet on the
ground, subject steps forward onto a 20cm step with
the dominant leg for one beat. Subject then steps up
with the non-dominant leg during the next beat. Sub-
ject then lowers the non-dominant leg back to the
ground for one beat followed by the dominant leg dur-
ing the next beat. (Figure 15)
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Figure 16.

15. Lateral Step-up: Subject stands on the edge of a
15cm box on the dominant leg and squats slowly to
lower the heel of the non-dominant leg toward floor
for one beat and then returns to start position during
the next beat. (Figure 16)

16. Quadruped Hip Extension: In quadruped (left)
the subject extends the dominant leg at the hip, while
keeping the knee flexed 90 degrees, to lift the foot
toward the ceiling (right) to achieve neutral hip exten-
sion for two beats and then returns the dominant leg
to the start position for two beats. This exercise was
repeated with the non-dominant leg and EMG values

were recorded in order to measure activity as both
the stabilizing and moving leg. (Figure 17)

17. Skater Squat: Subject stands on the dominant
leg and performs a squat to a comfortable knee flex-
ion angle for two beats down and two beats up with
non-dominant leg extended at the hip and flexed at
the knee. The torso twists during the squat. The toe
of the non-dominant leg was permitted to touch the
ground between repetitions. (Figure 18)

18. Gluteal Squeeze: In standing with feet shoul-
der-width apart, subject squeezes gluteal muscles
for two beats and then relaxes for two beats. Subjects
were instructed to maximally contract the gluteal
musculature during the exercise.

Figure 17.

The International Journal of Sports Physical Therapy | Volume 6, Number 3 | September 2011 | Page 223







SYSTEMATIC REVIEW
AN EXAMINATION OF THE GLUTEAL MUSCLE ACTIVITY
ASSOCIATED WITH DYNAMIC HIP ABDUCTION AND
HIP EXTERNAL ROTATION EXERCISE: A SYSTEMATIC
REVIEW
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ABSTRACT
Background: A wide variety of hip abduction and hip external rotation exercises are used for tumm,g, bm.h in athletic perfor
mance and in rehabilitation programming. Though several different ises exist, a comp ding of which

exercises best target the gluteus maximus (Gmax) and gluteus medius (Gmed) and the magnitude of muscular awvauon associ-
ated with each ise 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 hed using the Bool h (gl dius OR
gluteus maximus) AND (activity OR activation) AND (el mraphy OR EMG) AND (hip abduction OR hip cxtcmal rotation). A
systematic approach was used to evaluate 575 articles. Articles that ined injury-free particiy of any age, gender or activity
level were included. No restrictions were imposed on publx:.'mon date or puhh:.'mnn status. Articles were excluded when not available
in English, where studies did not normalize EMG activity to ic ion (MVIC), where no hip abduc-
tion ar external rotation motion occurred or where the motion was performed wuh high acceleration.

Resuldts: 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 abducti ding hip abduction with elastic resistance at the ankle and side lying hip abduction
(ranging from 81 to 103 % MVIC).

Limiteti; The hodological approaches varied bet: studies, notably in the diffi positions used for obtaining MVIC,
which could have d ically imp d normalized levels of gluteal activation, while variation also occurred in exercise tech-
nique and/or equipment.

Conclusions: The findings from this review provide an indication for the of le activity g d by basic strengthening
and rehabilitation exercises, which may assist | its in making decisions for Gmax and Gmed strengthening and injury reha.
bilitation programs.
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INTRODUCTION

A wide variety of hip abduction and hip external rota-
tion exercises are used for training, both in athletic
performance and in rchabilitation programming.
Though several different exercise protocols exist, sci-
entific evaluation of their specific effects on the glu-
teus maximus (Gmax) and gluteus medius (Gmed)
has yet to establish which exercises activate the mus-
culature and what level of activation is elicited. The
primary actions of the Gmax are hip extension and
hip external rotation,'” with the superior area of the
Gmax also functioning as a hip abductor.* The Gmed
functions as a hip abductor’ and hip rotator” with the
anterior area of the Gmed performing hip internal
rotation while the posterior area performs hip exter-
nal rotation.”” The gluteal musculature may signifi-
cantly participate in dual roles of enhancing athletic
performance™'” while preventing and contributing
to the rechabilitation of lower extremity injuries.'”'?
The Gmax and Gmed musculature extensively con-
tribute to weight bearing movements by assisting in
load transference through the hip joint,”® supplying
local structural stability to the hip joint and maintain-
ing lower extremity alignment of the hip and knee
joints."” Performance deficiency in these selected hip
muscles results in altered pelvofemoral biomechan-
ics which is linked to lower extremity pathology. ™"
This is highlighted when the hip abductors and exter-
nal 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."”*

Hip abductor weakness may lead individuals to adopt
movement strategies to mask their weakness,” result-
ing in compensatory motions at the lower back, hip,
and knee."'"® Consequently, individuals perform-
ing these movements are often observed doing both
hip abduction and excessive lateral pelvic movement
caused by increased activity of the quadratus lumbo-
rum.* Gluteal weakness and ensuing hip dysfunc-
tion has a strong relationship (r = -.74) with knee
pathology™ while a specific weakness in hip abduc-
tion and external rotation has been associated with
patellofemoral pain syndrome.™ Janda and Jull”
and, Page, Frank and Lardner” have suggested that
an association between gluteal musculature inhibi-
tion and low back pain exists. Moreover, a weakness
in hip abductor musculature and thus subsequent

strengthening exercises are prescribed for iliotibial
band syndrome,”** chronic ankle instability™"' and
patellofemoral pain syndrome.™

Examining hip abductor strength can be accom-
plished through various clinical tools and procedures
and in both non-weight-bearing (NWB) body posi-
tions: side-lying or supine and in a weight-bearing
(WB) body position: standing.’ The side-lying posi-
tion is frequently utilized to test hip abductor mus-
cle strength in clinical settings®and is generally the
suggested position by manufacturers of isokinetic
testing devices.’ The supine position neutralizes
the effects of gravity and provides an option for indi-
viduals to avoid lying on an injured affected side™
while the standing position is proposed by Cahalan,
Johnson and Chao” to be the most functional posi-
tion when assessing hip abductor strength as the
majority of daily living activities involve hip abduc-
tion performed in this position. Wilder et al* 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™ It has been proposed that the
minimum effort to obtain a strengthening stimulus
is approximately 40-60% of a maximum voluntary
isometric contraction (MVIC)** with muscle activ-
ity of less than 25 % MVIC indicating that the muscle
is functioning in an endurance capacity or to main-
tain stability.™ 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.“* Activity from 0 % to 20 % MVIC is consid-
ered 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.”

With this in mind the purpose and focus of this sys-
tematic 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
scheme* " to assist practitioners in making decisions
for Gmax and Gmed strengthening and rechabilita-
tion. 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 Strategics

The review was conducted in accordance with PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-analyses) statement guidelines.” A system-
atic search of the research literature was undertaken
for studies that investigated EMG activity (given as
mean % MVIC) for either the Gmax or Gmed in resis-
tance training exercises (bodyweight, band, cable, free-
weight, 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). Addi-
tional studies were also found by reviewing the refer-
ence lists from retrieved studies.

Inclusion and Exclusion Criteria

Articles that examined injury-free participants of any
age, sex or activity level were included. No restric-
tions were imposed on publication date or publica-
tion 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 noe 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 anal-
ysis as these exercises are typically used in a physi-
otherapeutic 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 per-
formance 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 Seclection

A search of electronic databases and a scan of article
reference lists revealed 575 relevant studies (Figure
1). After applying the inclusion and exclusion crite-
ria 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 num-
ber of exercise variations were 52. See Appendix 1
for details on all included studies.

Excrcise 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 twenty-
six 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,'* 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) 27 load)"
When all data was pooled, the average Gmax activa-
tion 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 systemanc review

Side-lying position

Details of gluteal activation for the side-lying posi-
tion can be observed in Table 2. Twelve studies used
this position with twenty-two different exercise vari-
ations 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.” When all data was pooled the aver-
age 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).

Scated 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 27 load).* When all data was pooled, the aver-
age 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 pesitions are summa-
rized 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.

Excrcise EMG Activity Level (% MVIC)

The magnitude of mean gluteal activation is strati-
fied into the four levels of activity™** in Figures
2-5. This classification scheme provides a means
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on

Range % MVIC

w all standing

Number | Number Average % MVIC
Exercise of of
Studies | Subjects Gmax Gmed Gmax Gmed
Cross over step up 1 15 1032636 | 576195 103+63.6 | 57.6+£19.5
Lateral lunge 2 61 41 £20 39+£19- | 265£11.5| 26£10.5
12£3 13+£2
Lateral stepping 1 9 8= 5 35=10 8+ 5 510
band at foot
Lateral stepping 3 50 274+ 16-6+ | 61+34- 15+93 24+20
band at ankle 4 2949
Lateral stepping 2 29 274+164- 302+ 162+97 278=
band at knee 5+3 152-24 12.1
+9
Lateral stepping , 1 21 13+9.1 438+27 13+9.1 43827
hip internally
rotated band at
ankle
Lateral stepping, | 21 273+ 18.1 273+ 273+ 18.1 | 273 18.1
hip externally 18.1
rotated band at
ankle
Lateral step up 6 126 1138+£95-| 59818 | 496=15 414 =
29+ 13 =8 16.7
Lateral step up | 13 23+ 11 - 23+ 11 -
with 10% BM
Lateral step up 1 19 20£8 - 208 -
with 25 %BM
Monster walk 1 9 6+3 27=10 6+3 27+ 10
band at foot
Monster walk | 9 5+2 2510 5+£2 25+ 10
band at ankle
Monster walk | 9 442 19+£9 442 194+£9
band at knee
Pelvic drop 3 49 17+15 57+32- 17+15 493 =
(standing hip 292+ 25.6
abduction/ 10.6
adduction)
Shoulder dump 1 30 28+ 3 - 28+3 -
(overhead
throwing
movement into hip
rotation)
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s and Gluteus Medius for

Number | Number Range % MVIC Average % MVIC

Exercise of of
Studies | Subjects Gmax Gmed Gmax Gmed
Standinghip | 2 | 29 - 33£23- | - 31.5+22
abduction 30 =21
Standing hip 1 16 28+2] - 2821
abduction with hip -
and knee in 20° of

flexion

Standing hip 1 16 - 4227 - 4
abduction with 3%
BM

Standing hip 1 16 - 46+ 34 - 46 =34
abduction with 3%
BM and hip and
knee in 20° of
flexion

Standing hip 1 16 59+10 37 59=10 73+7
abduction band at
ankle (Borg <2)
Standing hip | 16 6549 88 £7 6549 88+ 7
abduction band at
ankle (Borg =2-
<:5)

Standing hip 1 16 68+ 11 93+ 8 68+ 11 93+ 8
abduction band at
ankle (Borg <5-
‘-;'))

Standing hip 1 16 T3+£25 101£7 73+25 1017
abduction band at
ankle (Borg 27)
Standing hip 1 26 16.6 =10.8 529+ 16.6 108 | 529+ 17.6
abduction with 17.6
band at ankle
Rotational single | 9 79 + 45 68+ 15 79 £ 45 68 = 15
leg squat
Transverse lunge

L]
11}

L]
-3

“
w
H

o
=

S8+455

[
)
=]

S8 +£23-49+ | 6862 | 53,
20, 48221

BM = Body Mass Gmax = Gluteus Maximus Gmed = Gluteus Medius MVIC =

Maximum voluntary isometric contraction Borg = Borg Rating of Perceived Exertion

The Intermational Jowrna! of Sports Physical Therapy | Volwme 10, Number 5 | October 2015 | Page 578




Range% MVIC

Exercise Number Nm:rbcr Average % MVIC
of Studies Subjects Gmax Gmed Gmax Gmed
Clam shell 1 20
with pelvie 33423 21 £12 33423 | 21%12
belt
Clam shell 1 20 }
with band at 4364261 | 269+18 | 436+ | 2692
26.1 18
knee
Clam shell 1 20 N N 419
with 5% BM 34+25 3317 34+25 317
Clam shell 1 2 36 53.1- 47.2-16.4 +
20.5+18.4 11.3 368 315
Clam shell 2 1 26 12.3 62.4 12.3 62.4
Clam shell 3 1 26 26.6 67.6 26.6 67.6
Clam shell 4 1 26 26.2 76.8 26.2 76.8
Clam shell 2 27 .
PNHIPO 15 18-94 15 137
Clam shell 2 38 ) ) o "
PNHIP30 34427-17 | 40£38-22 25.5 31
Clam shell 3 58
PNHIP60 39+34-20 | 38£29-23 1 23.6+26| 2420
Clam shell 1 17 - -
PRHIPO . . . .
Clam shell 1 17
PRHIP30 i 3 2 5
Clam shell 1 17
PRHIP60 12 18 12 18
Side bridge 1 26
with
abduction 728 103 728 103
DL down
Side bridge 1 26
with
abduction 70.9 S8.8 70.9 88.8
DL up
Side lying ? 7 sii-21+ | 812- 452+
hip 32417
. 16 26.8+12.8 16.2
abduction
:i';‘c lying ! 20 2534246 | 7912299 | 253+ | 791+
2 2
abduction 40 299
with 5% BM
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awamus and Gluteus

dard deviation

Number Average % MVIC
Exercise Netaber of
of Studies Subjects Gmax Gmed Gmax | Gmed
Side-lying 1 20
hip
abduction o 5 3.7+ 543+
with 5% BM T2 | 5432248 | Ty 248
and external
rotation
Side-lying 1 20
hip 373+
37.3+£249 2
abduction 29| 40159 | 249 | 3422
. ’ 15.9
with pelvic
belt
Side-lying 1 10
hip "
abduction . 2592565 | - ek
. 5.65
against a
wall
prde-lying 2 3" 3532125
p
Cti - 3.7+
abduction - 267467 - 96
Internal
rotation
Side-lying 2 30
hip 453=20.5
abduction - -13+4.25 - 2?;,1:
External -
rotation

BM = Body Mass DL = Dominant Leg Gmax = Gluteus Maximus Gmed = Gluteus
Medius MVIC~ Maximum voluntary isometric contraction Clam Shell 1 = Side-lying
with hips flexed to 457 Externally rotate top leg Clam Shell 2 = same as Clam | but
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 extension  Clam shell PNHIPO = pelvis neutral, hip in 07 of
flexion Clam shell PNHIP30 = pelvis neutral, hip in 30° of flexion  Clam shell
PNHIP60 = pelvis neutral, hip in 607 of flexion Clam shell PRHIPO = pelvis reclined,
hip in 07 of flexion Clam shell PRHIP30 = pelvis reclined, hip in 307 of flexion Clam
shell PRHIP60 ~ pelvis reclined, hip in 60° of flexion Borg - Borg Rating of Perceived
Exertion CR10
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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

Exercise Number Number Range % MVIC Average %
of of MVIC
Studies | Subjects Gmax | Gmed | Gmax Gmed
Seated hip 1 T [6729 | 53£7 6729 |s3<7
abduction
machine (Borg

<2)

Seated hip | 16 65+ 10 61£7 65 + 61£7
abduction 10
machine (Borg
<=2. <5)

Seated hip 1 16 a9t 10

69+ 677
abduction 10
machine (Borg
<5-<7)

Seated hip 1 16 | 70+ S0:8 70 80+ &
abduction 11
machine (Borg

=7}

Gmax = Gluteus Maximus C;ned = Ghuteus Medius ‘l\'l(* Maximum voluntary

isometric contraction  Berg = Borg Rating of Perceived Exertion CR10

Table 4. Summary of average % MVIC for Gluteus Maximus and Gluteus

Medius in different positions. Values given as the mean and the
standard devation

Exercise Position Standing Side-lying Seated
Number of Studies 17 12 1
Number of | 363 244 16
Subjects
Number of 26 2 4
Exercises
Gimax Average %o 3475143 304+238 688 =10
MVIC
Gmed Average % | 472 =174 4.9+ 165 653%75
MVIC
Gmax = Gluteus Maximus  Gmed = Gluteus Medivs - MVIC= Maximum voluntary
isometric contraction
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Figure 5. Mean Gluteus Maxamus (Gmax) and Gluteus Medius (Gmed) exercises with low activation (0-20% of averaged EMG/
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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 sys-
tematic 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 preduced the high-
est 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 Excrcise

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 num-
ber of exercises (total 35).

Low EMG Activity Exercise

The low activation exercises (Gmax: 15 exercises,
Gmed: 5 exercises) are shown in Figure 5. Exer-
cises 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 rota-
tion exercises varied greatly depending on the posi-
tion and complexity of the movement. Andersen
et al” 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.”
Therefore, for enhancing muscular strength in a
rehabilitation setting, it is valuable to be aware of the
level of muscle activation an exercise elicits. More-
over, Boren et al” noted that by knowing a muscles
% MVIC during various exercises, the strengthen-
ing potential can be inferred. Exercises performed
in a WB position produced a greater % MVIC com-
pared 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 begin-
ners 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 per-
formed 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 exer-
cises can benefit from performing clam shell exer-
cises 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). Vari-
ations in EMG activation during the lateral step up
exercise may be attributed to an individual’s famil-
iarity 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.' 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 pelvis-
on-femur adduction and abduction control, as noted
by Reiman et al.’

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 sec-
ondary hip abductor. Three variations of the monster
walk exercise required the least amount of activation
for the Gmax (range 4-6 % MVIC) while four varia-
tions of the clam shell exercise clicited 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 lim-
itations that affect interpretation, namely that the
methodological approaches varied greatly between
the twenty-three studies (see Appendix 1). For exam-
ple, some studies used different exercise positions
for determination of the MVIC, which could dramat-
ically impact normalized levels of gluteal activation.
This is especially important in the case of the Gmax,
since Worrell et al” showed that the level of maxi-
mal 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 al® 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., * Webster and Gribble, ** Oliver * and Willcox
and Buden,” which potentially introduces measure-
ment error. Where concentric and eccentric data
was provided by Philippon et al" and Simenz et al,'*
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 process-
ing, and amplitude presentations should be iden-
tical, 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 thick-
ness and therefore level of resistance for the rubber
tubing / band resistance exercises is another consid-
eration when comparing findings. Additional limita-
tions 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, elec-
trode site placement, data processing, amplitude
presentation), to verify that the data in this review
are accurate. Finally, this review summarises infor-
mation 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 quan-
tify the EMG activity of the Gmax and Gmed muscu-
lature 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 bedy 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 com-
pared to NWB. Although the NWB scated 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 al’ who suggested that
when an exercise pattern imposes greater move-
ment demands, the Gmax and Gmed are required to
maintain a level pelvis position, through hip abduc-
tion, and minimize knee valgus, through hip exter-
nal rotation. Hence, practitioners ought to consider
trunk position in relation to the base of support, in
addition to the direction of movement when apply-
ing a progressive strengthening program.® Individu-
als who have difficulty performing WB exercises can
benefit from using NWB side-lying or seated exer-
cises 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 seck 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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al™ 1764039 m, 70+ 62 ke | sypainst u strap Gmod 132216
Side-lying bip hduction with pelvic | Gruay 3732 249,
RMS beht Gmed 342 2159
Clam saell 1 Guru 20,5+ 1R 4,
Gmed 164+ 113
Clars shell with pelvic belt Genay 33,0+
| | | | Gued 217+
Ofiveret | 300235+ | 34 yeurs, 174 | Grrsas - Prone hip extonwion sgaissl | Shoubder darrp Grruas 28+ 3
al” 0 m o6 169k reenl reastance with the knos flevad
oW
RMS: 100 mrelliscconds moving
window
Selkomtiz | 20 (10 medex, 10 fermalen) | Fine Wire Electrodes EMG Side-hying hep sbduction Gemax 23.7 2153,
wal™ 279+ 62 yaan Cirrees : Prone hip extoneion agaisat 2 Gmed 435+ 149
strap with the knoe flevad e % Clam sbell with bend 2t knee Grruas 436 2261,
Girmad: Sade lying bip shduction ¢ 30° Gmed 269 2 |1
againsl u strap Lucral stepping bond al knee Grruas 274 2164,
RMS: 7S-millicconds movisg Pelvac Drop
window

Webder | 9¢) moakes, & fmabes) 229 | Grress : Prone hip extension sgaisst | Retation smghe leg sapaat
md 45 yean, | 84 £ 065 m, | ol resstancs with the knes flexed
Grithk™ | 65.4 +10ky at W Traraverse lusge

Cirmad: Sade lying bip shducticn

sgainsl marual sevidance

| | Average EMG of 3 trsls | |
Wilkeon 1700 mades, 7 females) 24 | Grrees: Proos Rip extension againd Clam shell FNHIFO Grrax 15, Gmed 18
md t4yean, | 14206 m 60 | meenml reastance with the knee flexed | Clam shell FNHIPI0 Grmax 17, Gmed 22
Buoden™ =12k at Clam shell PNHIPSO Grras 20, Gened 23
Gimad: Sade lying bip sbauction Clam shell FRHIPO Gerax 10, Gened 12
againet marual revidance Clam shell PRHIP3) Gerax 9, CGemed 13
Clam saell PRHIPGWO Grruas 12, Gened 13
RMS: | S0-rralliscccnds manving
| | window | |
Youdaset | 21 (10 medes, 1] females) | Grrees: Prooe posation, a pillow placed | Laseral steppeng bond at ank ke Gmax 12,0 £ 84,
art 282+ ) | yeary, | 3200 | under dhe pedvis o provide 10°-15° of Gmed 123219
m, L2 +7 Ukg hip flexon, knee flexed 2t 907, hip | Laseral stepping, hip isterally G 132011,
extenion sgaind mamal roisace rotated starce haed i ankle Gmed 433+ 27
Cimead: Sade lying bip sbéuction ¢ 3 | Lusceal stepping, hip eatersally G 143 210
againsl marual revidance rotaled starce hasd i ankle Gmed 27321
RMS: | 25-melliscccnds moving
window
Youdas et | 26113 mrekes, 15 fermalen) | Grrees: Prooe pesiticn, a pillow placed | Standing hip shauction with bard =t | Grmas 16,6+ 10K
e 2522 yews, 175206 m, | under dhe pedvis 1o provide 10°-15" of | ankle Gmed 29+ 176
725 +10.1kg hip flexson, knee flexad =t 907, hip

exteanion sgainet mamsal rovissece
Cirmed: Sade lying bip shéuction = 3
against marual rexidance

RMS: 125 mrelliscconds moving
window

M = Body Maea DL = Domirast Leg  Gax = Gletess Maccimus Ged = Gleteus Modins — Clam Shell 1 = Side-lying with bips
flevad s 45°. Extermally rotate sop ley  Clam Shell 2 Sarme 3a Clam | bot imermally sotste the top leg (knoes together)  Clam Shell 3 = Top
thigh rssed 1o parsdicd o tabke with hip is newtral notation ard 45 © of fevica. Top ky thes miemully retated. Kace height renairs the same
throaghoul e entire moversent. Clam Shell 4~ Same a0 3 cxcept the top loy o in cemsicn . Clam shell  PNHIPO =« pehis neual, hip in
07 of flexion Clam shell PNHIPM =~ pelva nedtral hip n 30° of fiexicn Clam shell PNHIPSO « pobvis scutral, bep in 807 of flexon
Clam shell PRHIPS - polvis redined, hip i 0 of ficxicn  Clam abell. PRHIPIO ~ pohiis rockned hip is 30° of flexon Clam shell
PRHIPE) -« peliis seclinad, hip in 60" of flexicn
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