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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 both a control
and activation warm-up. Peak electrical activity of the
gluteus maximus and medius was quantified using
electromyography (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 movement.

Results The mean peak EMG activity of the gluteus
maximus 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 quadriceps or
hamstrings (p=0.053), although there was a trend
towards increased force in gluteus maximus and
hamstrings following the activation warm-up. There
were no differences between the ground reaction
forces following the two warm-ups.

Conclusion This study suggests that a gluteal
activation warm-up may facilitate recruitment of the
gluteal 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 movement quality.

INTRODUCTION

The purpose of a warm-up is to prepare the
body for activity and in particular 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 promote 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
activation protocols is the gluteal muscula-
ture. This is in part because the glutes are

What are the key findings?

» Seventeen elite rugby union players performed
an Olympic weightlifting exercise after both a
control and a gluteal activation warm-up.

» There were no differences in the ground reaction
forces after the two warm-ups. There was a
decrease in electromyography following the acti-
vation warm-up, but in contrast there were clear
trends that were consistent with an increased
recruitment of the glutes and hamstrings.

» These findings support the clinical practice of
prescribing gluteal activation exercises to facili-
tate recruitment of the glutes during activity.

» 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 force
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
including lower back pain”’ ° and anterior
knee pain.” "’

A number of previous groups have investi-
gated the effect of therapeutic gluteal
activation exercise on athletic performance
both acutely''™"* 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 quantified
performance outcome (eg, height jumped,
power output) and has not sought to eval-

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

The purpose of this study was therefore to
perform the first comprehensive investiga-
tion of the effect of a gluteal activation
warm-up on subsequent explosive activity,
incorporating measures of performance
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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
(FreeBodym) 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 additional 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 trial on a day without any
scheduled club training. On arrival, EMG electrodes
and retroreflective markers were placed on the subjects
(subjects wore tight fitting clothing). Markers and elec-
trodes remained in situ until the completion of the
final test. Following electrode 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 (1RM;
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 (MVC)
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 electrode 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 publicly 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 development,'®**
the public version used in this study'® 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 rigid segments
representing the foot, calf, thigh, patella and pelvis
where the location and orientation of each segment
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Table 1 Subject characteristics

ALL group FB group
No. of subjects 17 9
Age (years) 26.0 (£3.9) 24.7 (+3.5)
Height (m) 1.868 (+0.067) 1.856 (+0.070)
Body mass (kg) 103.3 (+10.4) 101.8 (+9.6)
1RM HHP (kg) 109.1 (+10.7) 109.4 (+9.7)

1RM, one repetition maximum; HHP, hang pull from the high hang.

are calculated from the motion capture data. The
geometry of the musculoskeletal system is then calcu-
lated based on the posture of the model using data
taken from the cadaver studies of Klein Horsman
and colleagues.” The equations 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 musculoskeletal geometry,
segment kinematics, segment anthropometry”’ and
the force plate data. For each frame, this yields 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
generally many possible solutions. In order to solve
the equations of motion, the solution 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 1'7
* % is found using the fmincon function of
MATLAB (V.2016b; Mathworks, Natick, Massachu-
setts, USA) for each frame individually.

163/ po \3 14 L \?
. — 1 1 1
lgsl,leJ J Z (Fmaxi) * Z (Lmaxi) )

i1 =1

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 epoch of 50ms via the average over
samples algorithm’ “' using the Acgknowledge 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=0and 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 (International Business
Machines Corporation; alpha set to p<0.05 a

Table 2 Control and activation warm-ups

Exercise Control warm-up Activation warm-up
Stationary bike 3 min 3 min

Inch worm 2 setsof 8 1 set of 6
Bodyweight squat 2 sets of 8 1 set of 6

Leg swing 2 sets of 5 each leg 1 set of 6 each leg
Lunge 2 sets of 4 each leg -

Press up 2 sets of 8 -

Prone plank with hip extension (figure 1B) -
Side plank with hip extension -

Single leg squat -

1 set of 6 each leg*
1 set of 6 each leg*

1 set of 3 each leg

*The planks involved a 2 s hold of position at the top for each repetition.
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Figure 1

lllustrative images of a typical subject during a
testing session. (A) Subject immediately prior to performing a
high hang pull and (B) 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 two trials are
depicted in figure 2. There were no significant differ-
ences in the peak estimated muscle forces between the

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-
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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
gluteal 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 demonstrate any change 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

13

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 muscle forces to increase. There are two
candidates that might explain this finding. The first
is that after the gluteal activation warm-up the
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Figure 3 Hip and knee joint angles during 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

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

A B
120 +
*
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(=) 80 +
>
2
°
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=
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Figure 4 Mean peak electromyography (EMG) activity (% maximum voluntary contraction (MVC)) of gluteus maximus and
medius while holding the barbell (A; baseline) and during the performance of a high hang pull (B) 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 muscle contracted more strongly
in response to a given neural signal. There is recent
evidence™ that specific training of the gluteal 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 muscle
force estimates and the EMG data should be treated
with caution. A further explanation for the discrepancy
between EMG measurements and muscle force esti-
mates might simply be that the muscle force estimates
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 exercise 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 including further subject
specific detail is likely to improve the accuracy of the
muscle force estimation.””

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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