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ABSTRACT

Buttifant, D and Hrysomallis, C. Effect of various practical

warm-up protocols on acute lower-body power. J Strength

Cond Res 29(3): 656–660, 2015—The purpose of this

study was to compare the acute effect of box squats with

barbell (BBSquat), box squats with elastic resistance bands

(BandSquat), and static stretches (SStretch) on external

power during a 20-kg weighted jump squat. Twelve male ath-

letes performed each of the 3 warm-up protocols on separate

occasions in a randomized order. Weighted jump squat power

was assessed using a linear position transducer attached to

the bar of a Smith machine. Jump power was measured pre-

warm-up and 5 and 10 minutes post-warm-up protocol. The

BBSquat protocol involved 3 sets of 3RM, BandSquat involved

3 sets of 3 repetitions using highest resistance elastic bands,

and the SStretch protocol comprises two 30-second stretches

for muscles of the lower limbs. Jump power significantly

increased from pre-warm-up to 5 and 10 minutes post-warm-

up for both the BandSquat and BBSquat protocols. There was

no statistical difference in power values between BandSquat

and BBSquat. Power output significantly decreased from pre-

warm-up to 5 and 10 minutes post-warm-up for the SStretch

protocol. The BandSquat was just as effective as BBSquat in

augmenting acute jump power. The SStretch was detrimental

to jump performance. A practical warm-up using relatively inex-

pensive and portable equipment such as elastic resistance

bands was just as effective as a warm-up protocol that requires

more substantial and less transportable equipment such as

a squat rack and associated free weights. The BandSquat

warm-up may be considered more accessible for athletes at

various competition levels.

KEY WORDS weighted jump squat, post-activation

potentiation, elastic resistance

INTRODUCTION

T
he general purpose of a warm-up for training or
competition is to assist in the physiological prep-
aration for the increase in activity intensity so as to
optimize performance and reduce injury risk

(1,35). Different activities may be included as part of the
warm-up: low-intensity aerobic exercise, stretching, dynamic
drills, and, more recently, moderate (60–85% 1 repetition
maximum [1RM]) or high-intensity (.85% 1RM) resistance
exercises (32). Research to establish optimal warm-up pro-
tocols is a relatively recent occurrence so there are limited
data to indicate which warm-up procedures are ideal for
particular activities or athletes (21,22).

Acute static stretching has generally been shown to
adversely affect maximal strength and explosive muscle
performance (26), particularly from longer duration stretches
(15). This negative affect has been reported for various levels
of athletes, range of ages, and both genders (26). The mech-
anisms by which static stretching may impair power gener-
ation have not been fully elucidated but it has been proposed
to be associated with decreased musculotendinous stiffness
(24) or diminished capacity to recruit motor units (19).
Although the short-term effects of static stretching have
not been seen to be beneficial to performance in most cases,
negative effects have not been reported in some studies,
probably associated with low dosage, whole body, or
multi-segment performance measures (10,16,18). Further
research on the negative effect of static stretching on
multi-segment motion is warranted considering that many
athletes still incorporate stretching in warm-ups despite the
paucity of positive effects.

Moderate- or high-intensity resistance exercises, such as
loaded squats or leg press, elicit a post-activation potentia-
tion (PAP) that may initially enhance power output during
jumping (31,34) and sprinting (33,36). Post-activation poten-
tiation is when a strength conditioning exercise precedes
a more dynamic exercise or activity with similar movement
patterns, leading to an improved performance in the main
activity (7). Post-activation potentiation may also be the
mechanism of warm-ups with lower intensity overloads
using equipment like weighted vests in some athletes
(5,29). The postulated mechanisms for the PAP occurrence
include phosphorylation of myosin regulatory light chains
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and increased recruitment of higher threshold motor units
within the activated muscles (30). Previous studies (6,31,36)
have used equipments such as squat racks and leg press
machines, which although effective are not easily portable
or affordable to all levels of sporting participation. It has been
claimed that in most competitive situations, it is probably
not feasible to provide the time or equipment to perform
moderate- or high-intensity efforts to elicit PAP (4). These
limitations may be overcome by equipments such as elastic
resistance bands that are relatively inexpensive and can be
taken to competition venues to be used immediately before
commencement of competition. Resistance bands also differ
from free weights and many machines by providing variable
resistance, which is increased toward the end range of
motion as the bands undergo elongation. It is unknown if
an easily administered warm-up protocol with moderate-
intensity resistance bands is as effective as high-intensity
barbell squats in augmenting short-term power production.

The purpose of this study was to investigate the acute
effect of 3 different warm-up protocols on power production
during a weighted jump squat (WJS) test. It is hypothesized
that an elastic resistance band squat protocol would be just
as effective as a heavy barbell squat protocol and both of
these would be superior to a static stretching protocol.

METHODS

Experimental Approach to the Problem

Each participant first performed a generic warm-up protocol
that consisted of 5 minutes of low-intensity jogging on an
indoor synthetic track. On 3 separate occasions, during the
same time of day and in random order with at least 3 days
between the different protocols, the participants performed 3
specific warm-up protocols: elastic resistance band box squat
(BandSquat), barbell box squat (BBSquat), and a series of
static stretches (SStretch). The BandSquat and BBSquat
protocols involved 2 low-intensity warm-up sets of 10
repetitions before completing 3 sets of a predicted 3RM
for BBSquat and 3 repetitions of BandSquat using the
highest resistance bands. Participants were permitted 2-
minute recovery between each set. The BandSquat group
performed box squats using 2 “Monster 41” Power Bands
(Iron Edge, Melbourne, Australia) placed under each foot
and looped over the contralateral shoulder. The participants
were instructed to control their descent and then attempt to
ascend as quickly as possible, the intent was to try and move
the resistance as rapidly as possible. Each band can provide
a resistance range of 390 N (40 kg) to 880 N (90 kg) (14). To
gauge the level of resistance encountered from elongation
during the BandSquat, the bands were placed around a steel
rod positioned underneath calibrated digital scales (Tanita
BWB-600; Tanita Corporation, Tokyo, Japan) and the exer-
cise was performed on the scales with similar band configu-
ration and movement. The bands underwent elongation
equivalent to the average shoulder height of the participants,
which was 160 cm. The scale reading was initially tared with

a test participant crouched on the scales so as not to gener-
ate any tension in the bands. The participant then ascended
to the predetermined height and the kilogram reading was
recorded.

The box squats were performed to a depth of about 908 of
knee flexion; participants were instructed to arch their back,
keep their chest and eyes forward, squat down to contact the
box completely with their buttocks while maintaining mus-
cle activation during the brief contact stage and then try to
ascend as quickly as possible. Dynamic loaded squats were
chosen as the moderate- or high-intensity exercise before
WJSs because it has been suggested that the movement pat-
tern of the warm-up activity should closely match the power
exercise to optimize PAP (30). All participants were experi-
enced with BBSquat, BandSquat, SStretch, and WJS. The
SStretch protocol involved two 30-second static stretches
of the muscles of the lower limbs: seated hamstring, standing
quadriceps, seated gluteal, and standing calf (13).

Weighted jump squats were conducted before the specific
warm-up protocols and at 5 and 10 minutes following. The
WJSs were performed on a Smith machine with the 20-kg
barbell placed across the top of the participant’s shoulders.
Each participant was instructed to jump as high as possible
keeping the bar in contact with their shoulders. During the
test, each participant completed 2 separate jumps with a brief
pause between each jump. A GymAware (Kinetic Perfor-
mance Technology, Canberra, Australia) linear position
transducer was used to calculate the external power applied
to the barbell (17), which was used to indicate lower-body
power production. The execution of WJSs with the
GymAware transducer attached to the guided barbell of
a Smith machine has been shown to produce greater reli-
ability of power values than jumps with the transducer
attached to a wooden stick or free barbell (12). GymAware
uses variable rate sampling with level crossing detection to
capture data points. It then limits (down samples) this to
a maximum of 50 points per second. This differs to a tradi-
tional 50-Hz continuous sampling system as position points
are time-stamped with a high-resolution (35 microseconds)
time value. This sampling method involves that data are only
recorded during movement and the data are not filtered (9).
GymAware software calculated external power applied to
the bar by the athlete from the formula: power = force 3
velocity. The net vertical force applied to the bar was calcu-
lated from the product of bar mass and vertical acceleration
calculated from the second derivative of the transducer posi-
tion data. Vertical velocity of the bar was calculated from the
first derivative of the position data (8,27). The validity of
a linear position transducer to measure related jump perfor-
mance parameters was previously established by comparing
its mean force and peak force with data simultaneously col-
lected from a force platform and found r = 0.86–0.96 (3). The
intertrial reliability of the GymAware data for mean power
determined during pilot work was intraclass correlation coef-
ficient = 0.85. The bar mass of 20 kg was entered into the
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calculation of power. Comparisons were made between the
same participant across the different protocols, eliminating
the necessity for body mass to be included in the power
calculation. The highest mean power value of the 2 trials
of each athlete was used for subsequent analysis. Mean
power, being the average rate of doing work over the con-
centric lift phase, has been found to be slightly more reliable
for WJSs than peak power (28) and also suggested by the
GymAware manufacturers (23).

Subjects

Twelve semiprofessional Australian Rules male footballers were
recruited and provided informed consent. The project was
approved by the Collingwood Football Club Sport Science
Department. The average age, height, body mass, and 3RM
BBSquat of the participants was 21 6 2 years (range 18 to 24),
187 6 6 cm, 86 6 11 kg, and 127 6 16 kg, respectively.

Statistical Analyses

Statistical analyses involved 2-way repeated-measures anal-
ysis of variance with post hoc paired t-tests. Significance
level was chosen as p # 0.05.

RESULTS

The mean power values from the WJSs are depicted in Table
1; the data satisfied the requirements for normality. There
were no significant differences in power output pre-warm-up
for the 3 different protocols (p . 0.05). The main effect of
time was significant (F2,22 = 20.9, p , 0.001), power values
significantly increased from pre-warm-up to 5 and 10 mi-
nutes post-warm-up for both the BandSquat and BBSquat
protocols and decreased for SStretch. The main effect of
warm-up type was also significant (F2,22 = 3.64, p = 0.043)
with SStretch being significantly different to BandSquat and
BBSquat at 5 and 10 minutes post-warm-up. There was no
difference in power values between BandSquat and BBSquat
at any time point. The interaction effect was significant after
Huynh-Feldt adjustment (F2.022,22.25 = 12.033, p , 0.001);
the type of warm-up had a significant effect on power output
at 5 and 10 minutes post-warm-up with the SStretch pro-
tocol being least beneficial. The load encountered during the

BandSquat condition was approximately 101 kg at full exten-
sion for participants of mean height compared with an aver-
age load of 127 kg encountered during the BBSquat.

DISCUSSION

The present study found that moderate- to high-intensity
box squats performed with elastic resistance bands or free
weights were effective in significantly enhancing vertical
jump power. Mean WJS power was significantly increased at
5 and 10 minutes post-warm-up for both BandSquat and
BBSqaut protocols with similar percentage increase in mean
power. All the participants increased acute power after the
squat exercises with resistance band or barbell. This finding
illustrates that a practical warm-up protocol with elastic
resistance bands is just as effective as a protocol that involves
equipment that is less portable, more expensive, and possibly
less practical before or during breaks in competition. The
current study found improvements in acute power of 12–
14% and of moderate effect size (d = 0.59–0.68). Direct
comparisons of the magnitudes of any improvement with
others studies are difficult because of differences in jumping
protocol and measured parameters. An early study (34)
found that 5 repetitions of a 5RM back squat increased
weighted (19 kg) jump squat height by 3%. Another study
(31) showed that 5 repetitions of 85% 1RM back squat
increased average, peak jump height, and peak ground reac-
tion force of 7 consecutive jump squats by 5–6%.

There are a number of factors that may influence power
augmentation from PAP after a warm-up protocol: intensity
and volume of the warm-up, rest period length and training
status of the participants (32). Athletes in the current study
used an intensity of 3RM for BBSquat, which equates to
approximately 90% 1RM for resistance trained athletes (2).
It has previously been found that both moderate- (70%) and
high-intensity (93% 1RM) squats similarly enhanced jump
performance in resistance trained participants; however,
the high-intensity workload may prolong the duration of
the potentiation (20). The load encountered during the
BandSquat condition was approximately 101 kg at full exten-
sion for participants of mean height, which was less than the

TABLE 1. Mean (SD) power for weighted jump squats.*

Warm-up
Pre-warm-up

(W) 5 min Post (W)
Change
from pre 10 min Post (W)

Change
from pre

Change from
5 min (%)

BandSquat 529 (106) 592† (106) +12%, d = 0.59 599† (103) +13%, d = 0.67 +1
BBSquat 505 (72) 564† (107) +12%, d = 0.66 578† (108) +14%, d = 0.68 +2
SStretch 540 (92) 510† (94) 26%, d = 0.32 519† (86) 24%, d = 0.24 +2

*BandSquat = band box squat; BBSquat = barbell box squat; SStretch = static stretches; d = Cohen’s effect size.
†Statistically significant difference to pre warm-up at p # 0.05.
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average load of 127 kg encountered during the BBSquat. In
affect, BBSquat were performed with approximately 90%
1RM load, whereas BandSquat were performed with a load
approximating 70% 1RM. Despite the disparity in intensity,
BandSquat were shown to be just as effective as BBSquat in
increasing acute WJS power and there was no difference at 5
and 10 minutes post-warm-up.

The current study found PAP at both 5 and 10 minutes
post-warm-up. A recent meta-analysis of the effect of rest
period length on jumping performance found that a rest
interval range of 0–3 minutes had a detrimental effect on
jump performance, a range of 8–12 minutes was beneficial,
whereas a 4- to 7-minute rest interval did not generally show
a change (7). If the rest period is too short, then the negative
influence of fatigue will probably outweigh the value of PAP,
and if the period is too long, then PAP will likely be dissi-
pated. There seems to be window of time where PAP out-
weighs fatigue and consequently enhances performance. The
results of the current study revealed that a rest interval of 5–
10 minutes was beneficial to power production.

The warm-up protocol that involved stretching produced
a significant reduction in WJS power 5 and 10 minutes post-
warm-up. This decrement in acute power performance is in
agreement with some previous research (11,25), although this
finding may not be universal with a recent meta-analysis con-
cluding that the effects on muscle power were unclear (26).
When individual data from the present study are examined,
11 of the 12 participants displayed a reduction in mean power.
One participant showed a slight increase (4%) in jump power
post-SStretch. This highlights the fact that not all athletes will
respond similarly to a given protocol and static stretching may
not be detrimental to all athletes. Consideration may need to
be given to individualized warm-up protocols because it has
also been stated that there may be individual differences in
response to PAP (20). The training status of the participants
may influence the magnitude of PAP with greater strength
associated with experienced resistance-trained athletes induc-
ing a greater PAP response than less trained participants
(7,20). There were no significant correlations between 3RM
absolute or relative squat weight with changes in WJS power
in the current study, possibly because the participants were all
experienced with resistance training.

Although the findings of this study may have important
practical applications, limitations need to be noted. The
determination of the physiological mechanisms for power
enhancement or decrement was beyond the scope of this
project. The participants were high-caliber male team sport
athletes and it is unclear if the magnitude of the results
would be reflective of those of other athletes. It is recom-
mended that further research is required to extent the
present results with a range of athletes, larger sample size,
and further exploration of any potential individualized
responses (21,22).

The findings of this project using a cohort of semi-
professional Australian Rules male footballers found

that a warm-up protocol comprising moderate-intensity
BandSquat was just as effective as high-intensity BBSquat
in augmenting loaded WJS power at both 5 and 10 minutes
post-warm-up. There were no statistical differences in power
values generated between the 2 squat protocols at any of the
periods. These protocols may be of value to many athletic
endeavors that require optimal lower body power, particu-
larly at the commencement of training or competition. The
SStretch protocol had a negative effect on jump power on all
but 1 participant and should generally be avoided unless
individual data suggest that it is not detrimental.

PRACTICAL APPLICATIONS

Both a high-intensity BBSquat and moderate-intensity
BandSquat warm-up protocol were effective in increasing
acute jump power at 5 and 10 minutes post-warm-up. The
SStretch warm-up protocol was generally found to be
detrimental to acute jump power and should not be
encouraged in preparation for events that require optimal
lower-body power and not excessive flexibility. The
BandSquat warm-up protocol is more viable for most levels
of sporting participation because the equipment is more
portable and affordable than that normally required for the
BBSquat protocol. Although this project was conducted
with athletes who participate in Australian Rules football,
the findings may be applicable and relevant to a number of
athletic pursuits, contributing to optimal preparation before
training or competition.
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