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Abstract

Postactivation potentiation is a physiological concept that implies that a conditioning
activity can enhance the outcome of a subsequent task. These tasks are normally power
related activities like maximal sprinting or jumping. This study explored whether
postactivation potentiation could be achieved in healthy adults using a bodyweight
conditioning activity. Three original studies were conducted as part of this thesis. The
researchers conducted study one and two to investigate whether a maximal intensity body-
weight task could induce postactivation potentiation in a similar subsequent task. A
randomised controlled trial was conducted in each case. The researchers used study three to
investigate whether a body weight conditioning activity could improve the outcome of a
subsequent task. A systematic review and meta-analysis were conducted which included the
results of study one and two. Study one demonstrated that relative to the baseline there was
a significant improvement in the maximal linear sprint group over 10 m and 20 m at two
minutes of 0.12 m.s”! and 0.11 m.s! and at six minutes of 0.11m.s' and 0.12m.s™
respectively. There was also a significant improvement in the control group between two
and six minutes post-intervention at 10 m and 20 m of 0.06 m.s! and 0.08 m.s™! respectively.
There was no significant difference between the intervention and control group. Based upon
this finding a maximal sprint acceleration may enhance the outcome of a subsequent
maximal sprint acceleration. The researchers demonstrated in study two that relative to the
baseline there was a significant improvement in the maximal vertical jump group in jump
height (1.89 cm) and power output (114.45 W) at two minutes. There was no change in
control group across the experiment and no significant difference between the control group
and the intervention group. These findings suggests that two maximal vertical jumps may
enhance the outcome of a subsequent maximal vertical jump after two minutes. However,
these enhancements were not sustained for a further four minutes. Study three demonstrated
that there was a small overall effect of 0.30 (95% CI 0.14 to 0.46, p = 0.0003) in favour of
using a bodyweight conditioning activity to improve the outcome of a subsequent vertical
jump or linear sprint. The interpretation of these outcomes indicate that while the
enhancement may be small to moderate in effect, they are in favour of using bodyweight
conditioning activities to enhance the outcomes of a maximal vertical jump or maximal
sprint. Vertical jump and sprint ability are highly associated with performance outcomes in

many sports. Bodyweight conditioning activities allows for a simple, yet effective approach
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with minimal adverse consequences to achieve postactivation potentiation and an enhanced

state of performance prior to participation in a ‘real world’ environment.
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CHAPTER 1 - Literature Review



Introduction to Postactivation potentiation

Postactivation potentiation (PAP) is a physiological training principle which proposes that
a muscle can be acutely optimised through its contractile history. This in turn affects the
outcome of a subsequent task. The subsequent task is most often a power-based activity
which requires high force production and a high rate of force development such as sprinting,
jumping or throwing (Hodgson et al., 2005). Postactivation potentiation has been tested in a
variety of sporting environments and different movement patterns with varying degrees of
success (Borba et al., 2017). Traditionally, the conditioning activity for PAP was thought to
require a heavy resistance isotonic preload stimulus (75-90% of one repetition maximum)
to achieve a potentiated state (Hodgson et al., 2005). This required athletes to lift, push or
pull heavy weights over a varying range of sets and repetitions to develop a combined effect
of heightened muscle activation and consequential fatigue (figure 1). Theoretically, the
fatigue dispels first, leaving the muscle in a state of acute enhancement (Rassier and
Macintosh, 2000). This effect is referred to as PAP and should generate greater force
production and an increase in the rate of force development in a subsequent power-based
task. The primary mechanisms of PAP have been discussed in multiple studies (Hodgson et
al., 2005; Tillin and Bishop, 2009). These include myosin regulatory light chains
phosphorylation, changes in the pennation angle of the fascicle and higher order motor unit
recruitment. As the most common theory, phosphorylation of myosin light chains produced
an up-regulation in the rate of cross-bridge formation. This results in a faster rate of force
development (Sale, 2002). Researchers have proposed that brief maximal voluntary
contractions could produce a PAP response as this seems to be associated with an increase

in peak rate of force development in a subsequent task (Blazevich and Babault, 2019).

optimal recovery time
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Figure 1 Relationship between postactivation potentiation and fatigue. Adapted from Sale,

D. Postactivation potentiation: role in human performance (Sale, 2002).

Recent literature has discussed the association between the commonly used term, PAP, and
the less well-known term; postactivation performance enhancement (PAPE) (figure 2). Over
the last 20 years conventional concepts proposed that PAP is any acute enhancement lasting
up to 20 minutes following a heavy resistance exercise or ballistic task (Wilson et al., 2013).
It is proposed that a contraction-initiated increase in myosin regulatory light chain
phosphorylation underpins the benefits observed in PAP, including an enhancement in
voluntary contractile force (Vandenboom, 2011). However, correctly defined, the term PAP
only refers to an enhancement of an evoked twitch response, which is relatively short lived
and rapidly decreases after one minute (Vandervoort et al., 1983). In contrast, PAPE is
associated with, among other things; voluntary contractions, increases in muscle
temperature and several neural mechanisms unrelated to myosin regulatory light chain
phosphorylation where muscle twitch has not been directly assessed (Blazevich and Babault,
2019; Cuenca-Fernandez et al., 2017; Prieske et al., 2018). This thesis does not intend to
explore these terms in detail but will use postactivation potentiation or PAP in the traditional
sense, to include all muscle enhancements while PAPE will only be used to refer to an acute
bout of high intensity voluntary exercise followed by an enhancement in strength, speed or

power production (Blazevich and Babault, 2019; Zimmermann et al., 2020).

204

154

104

5

PN
4 *e (Tuo)
. ~ PAPE (T,,,
N
el

-~
-

Change in Force from Baseline (%)

; r———r—r— Pt
Time after Conditioning Activity (min)

Figure 2 Relationship between postactivation potentiation and postactivation performance

enhancement. Adapted from Blazevich, A. and Babault, N. Postactivation Potentiation

Versus Post-activation Performance Enhancement in Humans: Historical Perspective,

Underlying Mechanisms, and Current Issues (Blazevich and Babault, 2019).



Based upon the Henneman size principle, type I low-force muscle fibres are recruited before
the type II high-force muscle fibres during activity (Wakeling, 2009). Therefore, to achieve
an optimal state of preparation for a high intensity, power-based task, an athlete needs to
progress through the type I fibres first (figure 3). This can be achieved through heavy
resistance training under maximal exertion (Hodgson et al., 2005) whereby the large type II
muscle fibres are activated through high load, low speed activities. The challenge lies in the
narrow guidelines in which the PAP principle exists. An athlete’s strength and training age,
the volume, intensity and recovery period of the conditioning activity, and possibly gender
differences have all been reported to affect this outcome, with elite athletes showing the
greatest benefits (Seitz and Haff, 2016; Wilson et al., 2013). This lack of irrefutable data
makes PAP a questionable training aid rather than a definitive advantage. However, the
possibility that a conditioning activity could maximise training practices long term, or
acutely optimise an athlete’s competitive potential, drives this research forward. Although
heavy resistance training has shown positive results, the nature of heavy lifting constrains
coaches and athletes to use large pieces of heavy equipment. This coupled with the fact that
the PAP effect using heavy resistance training has been reported to be most effective
between five to eighteen minutes (Wilson et al., 2013) makes this strategy highly
impractical. The goal is to make PAP a viable training and competitive aid to be utilised
under ‘real world’ conditions without the use of laborious gym equipment, excessive space,
and unreasonable time frames. This questions the usefulness and functionality of PAP using
heavy resistance training and has forced investigators to challenge the narrow parameters
and whether partial or full potentiation can occur by an alternative means. In this text, ‘real

world’ is defined as under normal physical training and competition circumstances.
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Figure 3 Graphic representation of the size principle, according to which motor units that
contain Type I (slow-twitch), and Type II (fast-twitch) fibres are organised based on some
“size” factor. Adapted from Duncan French, Adaptations to anaerobic training programs,
Chapter 5. Haff GG, Triplett NT, editors. Essentials of strength training and conditioning
4th edition. Human kinetics; 2015 Sep 23.

The following literature review explores other methods to achieve this potentiated state.
Recently researchers have investigated the effects of using ballistic type exercises as the
conditioning activity to induce maximal recruitment of the type II muscle fibres (Turner et
al., 2015; Sharma et al., 2018). These would include high velocity, high power activities
with and without an external resistance with a vertical or horizontal bias to achieve a
potentiated state. This may highlight the benefits seen when using plyometrics as a chronic
or acute training stimulus (Burkett et al., 2005; Hilfiker et al., 2007). This thesis will not
separate the terms ballistic and plyometric. Much of the literature reports ballistic and
plyometric interchangeably. For the flow of this thesis, the term ballistic will be used unless
plyometric has been specifically reported and changes the meaning of the authors intent.
Ballistic exercises have shown beneficial effects in achieving PAP and would negate the
need to use heavy weights, excessive space, and technically challenging exercises (Maloney
et al., 2014). This review will discuss the use of ballistic exercises to induce PAP from three
viewpoints. Firstly, to assess the literature on whether ballistic activities with a focus on
body-weight tasks have the potential to create a PAP effect. Secondly, to look at activities
that use a vertical bias conditioning activity such as jumps or plyometrics. Whether these
have the potential to induce a PAP effect in a subsequent task with a vertical bias. Lastly, to
look at activities that use a horizontal bias conditioning activity, such as sprinting. Whether
these have the potential to induce a PAP effect in a subsequent task with a horizontal bias.
Evaluating the quality of the available studies to determine the reliability and the validity of
the literature will be integral in determining a need for further investigation. The authors
used this literature review to examine the study methods in the available literature to
determine the reliability of the results. An essential part of this study will be to provide a
practical solution for coaches and athletes on whether PAP using a bodyweight conditioning

activity can be used as a performance enhancement tool in a ‘real world’ environment.



Postactivation potentiation using ballistic conditioning activities.

Post-activation potentiation is a physiological concept which suggests that a conditioning
activity can enhance the outcome of a subsequent power-based task (Sale, 2002). An
athlete’s strength and training age, the volume, intensity and recovery period of the
conditioning activity, and possibly gender differences have all been reported to affect this
outcome, with elite athletes showing the greatest benefits (Seitz and Haff, 2016; Wilson et
al., 2013).As previously mentioned, traditionally heavy resistance training has been used as
the conditioning activity using a pre-loading stimulus of between 75 — 90% of one repetition
maximum prior to a similar power-based task (Hodgson et al., 2005). The aim is to enhance
the outcome of this subsequent task. The proposed effect involves greater muscle
recruitment of the type II fibres but also an associated fatigue response. As both effects are
present simultaneously, the sum of the effects are negated. However, the fatigue effect is
reported to dispel first leaving the tissue in a state of acute enhancement (Rassier and
Macintosh, 2000). This enhanced effect has been reported to occur anywhere between five
and eighteen minutes post conditioning activity (Wilson et al., 2013). However, using heavy
resistance training prior to training and especially in competition is impractical, requiring
heavy weights (Kilduff et al., 2013) and unpredictable time frames which would be difficult

to implement in a ‘real world’ competition environment.

There is a need to investigate an alternative method to introduce PAP into the athlete’s
preparation which can be implemented simply with minimal detrimental effects and within
a reasonable time frame. There is growing interest in the PAP effects elicited by ballistic
type exercises. These are defined as using maximal intensity with the intent to move an
object or body as fast as possible (Maloney et al., 2014). This can be achieved with or
without an external resistance using one or multiple repetitions where maximal intensity is
achieved. This can take the form of activities using a vertical or horizontal bias. The
intension is to move quickly rather than the velocity of the object or body which is the
driving force behind the acute neural adaptations. These include; increased motor-unit
recruitment, rate of force development, and intra- and inter-muscular coordination (Turner,
2009). Whilst ballistic exercises can be undertaken using external resistance, it is the absence
of an external resistance which makes this form of exercise more favourable in inducing

PAP in a competition and training environment. Heavy resistance training is completely



reliant on heavy weights, space and to a degree technique. An alternative solution to achieve
PAP quickly and effectively without placing an excessive reliance on facilities and
equipment highlights the potential that ballistic exercises have in the application of PAP in

a competition and training environment.

The Henneman size principle suggests that motor units are ramped from the smallest, type
I, fatigue resistant fibres to the larger, most powerful type II fibres (Wakeling, 2009).
Heavier loads activate a larger pool of the muscle tissue comprising of these type II muscle
fibres. Activation of type II muscle fibres has been shown to have a larger capacity to
produce a PAP response, indicating why heavier loads produce a greater PAP response in
heavy resistance training (Hamada et al., 2003). As ballistic type exercises normally use less
load than heavy resistance training, two theories are postulated for the benefits seen using
these exercises to induce a PAP response. Firstly, due to the strong intention to move
quickly, a ballistic contraction may provide a powerful, excitatory stimulus to activate all
the muscle fibres extremely rapidly (Van Cutsem et al., 1998; Desmedt and Godaux, 1977).
This is likely due to the lower threshold for motor unit recruitment seen during ballistic
exercises compared to heavy resistance training (Van Cutsem et al., 1998; Desmedt and
Godaux, 1977). The second theory proposes that selective recruitment exists as an exception
to the size principle (Nardone and Schieppati, 1988; Nardone et al., 1989). By utilising high
velocity, high power movements, the type I fibres can be surpassed, activating the type Ila
and IIx fibres quickly. This form of recruitment may underpin the success seen in ballistic

activities and PAP.

An athlete’s preparation may play a role in highlighting which conditioning activities could
be useful in competition. It is not uncommon for sprinters, jumpers and throwers to engage
in some form of sprinting or jumping prior to competing. This is traditionally held to be the
final preparation before maximal exertion. If this pre-activity phase can potentiate muscles
either partially or fully, then an athlete would prioritise selecting a conditioning activity
based on the specificity, and the convenience of this task. Research has demonstrated that
using a conditioning activity similar to the subsequent task can enhance performances within
specific populations (Smith et al., 2014). Karampatsos et al. (2013; 2017) observed that field

event athletes achieved significantly greater throw distances after three vertical jumps or a



20 m sprint at maximal effort. These improvements were observed one minute post
conditioning activity, indicating a reasonable time frame, post warm-up but pre-competition,
in which PAP could be achieved, however these outcomes were not the athlete’s personal
best performances in this study. Creekmur et al., (2017) observed that a weighted vertically
bias plyometric intervention could improve the outcome of a 20 and 40 yard sprint by 1.15%
and 1.24% respectively. This provides further evidence that ballistic activities have the
capacity to potentiate power-based tasks. The study showed that using a weighted ballistic
vertical jump can produce a potentiated effect which prior to sprinting can improve the
performance outcome. This method may be more applicable in a training and competition
environment compared to using heavy resistance training. However, this process still
requires the use of a weighted plate but does show the potential for ballistic movements to

produce a PAP effect.

Smith et al. (2014) attempted to potentiate a 40 yard sprint by using a weighted sled push, a
horizontally biased conditioning activity. The results indicated that the heaviest sled, 30%
of the individuals body weight, produced the most enhancement in a subsequent 40-yard
sprint. More interestingly was that the ‘control’, an unweighted sled push, produced an
enhancement only marginally less that the heaviest intervention. Although the unweighted
sled still provided an external resistance other than bodyweight, it could be the intent to
move the sled quickly which was the association to producing a PAP effect. As the specific
loading of the sled produces varied results, sled pushing may effect different kinematics
compared to that of sprinting, bounding or towing (Young, 1992) which may be more
specific compared to the subsequent task of a maximal 40 yard maximal sprint. This may
suggest that the enhancement is not only to do with load but may also have a strong
association to specificity and intensity of the task and the conditioning activity. The authors

did acknowledge that this was not a true control which future studies should include.

Research also indicates that jump performance can be improved by using variations of
jumping as the conditioning activity (Burkett et al., 2005; Hilfiker et al., 2007). Burkett et
al. (2005) reported that a conditioning activity using maximal weighted jump exceeded the
outcome of a submaximal vertical jump and a stretching intervention. Although the authors

pointed to the external resistance as the primary influencing factors, the maximal intensity



of the effective intervention could also have played a role in enhancing the outcome
measurement. The submaximal jump and the stretching intervention both lacked the
intention to move quickly. The weighted jumps only involved the participants holding
dumbbells equivalent to 10% of the body while jumping on to a box. Load may be a
contributing factor but the intention to produce a maximal intensity movement seems more

likely to produce PAP in the subsequent task.

Suchomel et al., (2016) suggest that the intensity and velocity of the conditioning activity
need to closely mimic the levels achieved during competition or training as it was highly
suggestive that this was an important component in achieving PAP. They demonstrated
significant improvement in a vertical jump performance following a ballistic half squat
compared to a non-ballistic half squat. As both interventions were loaded to 90% of the
participants one repetition maximum and performed in either a ballistic or non-ballistic
manner, it shows that weight alone is not the primary driver in PAP. This study included a
control group who did not undergo the intervention. It could be concluded that the weight
alone may have been detrimental to the outcome performance as both the control group and
the non-ballistic group only showed trivial improvements. Lim and Kong (2013) found no
PAP response following isometric knee extension and isometric squat. This indicates the
associated importance attributed to the ballistic nature of the conditioning task as no benefit
was found using isometric or a dynamic heavy slow resistance intervention on sprint
outcomes. Seitz and Haff, (2016) found significant negative effects associated with maximal
1sometrics on performance outcomes. Burkett et al. (2005) also found that a maximal jump
although weighted, was far superior to sub-maximal variations confirming the importance

of velocity and intensity of the conditioning task in PAP.

To this researcher’s knowledge, no systematic review has been done on the effects of PAP
using bodyweight conditioning activities within a reasonable time frame to be useful in a
competition environment. This lack of cohesion makes it difficult to create specific
individualised programmes for athletes within the competition environment. For this reason,
it is important to correlate the available information allowing for better understanding of this
principle. This thesis investigated the effect of PAP through a systematic review and meta-

analysis, linked with the hypothesised results of study one, PAP of sprint acceleration



performance and study two, PAP using a vertical jump to improve vertical jump
performance. This is useful as it provides more insight into the potential effectiveness of
bodyweight conditioning activities to potentiate subsequent tasks and provides coaches,
trainers, and rehabilitation professionals clear options to improve training impulses and

competition performances.

Postactivation potentiation using a vertical jump to potentiate a vertical jump.

There are indications that PAP can be achieved using both weighted and bodyweight
ballistic tasks, which in the right circumstances can positively affect the outcome of a
subsequent task (Dobbs et al., 2019; Seitz and Haff, 2016; Wilson et al., 2013). This suggests
that PAP could be used as a long-term training aid and theoretically a competition
enhancement within a ‘real world’ competition environment. Researchers advocate that
ballistic type conditioning activities using bodyweight tasks to achieve PAP (Turner et al.,
2015; Healy and Comyns, 2017; Smith et al., 2014) provide a practical training and
competitive solution. The goal is to achieve PAP with minimal disruption to the athlete’s
preparations within a reasonable time frame, while achieving positive outcomes which out-
weigh any negative effects such as induced fatigue. This would allow athletes to specifically
focus their warm-ups using minimal equipment, within reasonable space and time. Through
testing and a developed protocol, athletes can maximise their ability to potentiate prior to

training or competition.

Mola, Bruce-Low and Burnet, (2014) investigated the recovery time for PAP in soccer
players and found that heavy resistance training had a reduced global effect compared to the
control group. This study provides some interesting reflections regarding bodyweight
ballistic type exercises compared to heavy resistance training. The investigators assessed
two groups, the control who did not participate in the intervention and the experimental
group who did a three-repetition maximum squat intervention. Both groups undertook a
vertical jump measurement at baseline and a vertical jump outcome measurement post
intervention. Although no significant benefit was observed in either group, what is
interesting is that the control group had no positive or negative feed-forward effect from the
baseline testing to the post intervention testing which were ten minutes apart. As reported

by Seitz and Haff (2016), voluntary movements undertaken at maximal intensity are likely

10



to induce a PAPE effect. Therefore, it is likely that the baseline testing would have a PAPE
response for some time after the testing finished. Although this was not addressed in this
study, it may indicate that bodyweight ballistic type exercises, the PAP effect is exposed
sooner with less early post intervention fatigue deficits. Despite not discussed in this study,
it was hypothesised that heavier load will induce a greater PAP response but with an
associated greater fatigue response. This will create a longer latent period as the fatigue takes
longer to dispel before the PAP effect is exposed. As ballistic type exercises use less load it
is conceivable that there would be a smaller PAP effect but similarly a smaller fatigue effect.
The fatigue effect dispels quicker with ballistic type exercises, so the PAP effect is exposed
sooner with less early post intervention fatigue deficits. It has been reported that heavy
resistance training and ballistic type exercises produce similar outcomes, but heavy
resistance training takes longer (Seitz and Haff, 2016). Seitz and Haff, (2016) reported in a
systematic review that traditional heavy resistance training produced a similar effect size
(ES = 0.41) to a ballistic type conditioning activity (ES = 0.47). The authors did highlight
that at the time of writing only a limited number of studies had published data on ballistic
type conditioning activities, whereas extensive investigation had been done on heavy
resistance training. Nevertheless, it appears that although the magnitude of improvement is
similar, the PAP effect is observed earlier (<5min) in the ballistic group compared to the

heavy resistance group (>5min).

Tobin and Delahunt, (2014) and Sharma et al., (2018) used a similar methodology to
compare a conditioning activity of a series of forty plyometric jumps on the performance of
a vertical jump. Tobin and Delahunt (2014) demonstrated improvements at five time points
(2.09cm — 2.87cm) post conditioning activity. There was no external resistance added to the
participants. This highlights the improvements observed following a bodyweight ballistic
intervention on a power-based outcome measure, a vertical jump. The outcome
measurements demonstrated improvement at each time point post intervention. However as
previous testing could have influenced the results, only the first outcome measurement at
one minute could be directly attributed to the intervention. This provides evidence as to the
early benefits observed by using a bodyweight conditioning activity to enhance the outcome
in a similar power-based task. Other than the volume of jumps and equipment required like
hurdles, the principle demonstrated promise as a PAP inducer for a competitive and training

environment.
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Sharma et al., (2018) demonstrated that multiple unweighted ballistic tasks had a greater
effect on the vertical jump performance (3.87cm) compared to that of a 90% 1- rep max
heavy resistance training (2.77cm) intervention at 10 minute post baseline testing. This
indicates that bodyweight plyometrics may play a superior role in acutely potentiating
muscle tissue. However, two potential flaws existed in this study. Firstly, the investigation
conducted baseline testing within three minutes of the intervention. As this testing consisted
of two maximal ballistic tasks, vertical jumps and a 20 m sprint, one or both of these
activities could have had an effect on the intervention and the outcome measurements.
Secondly, as the investigators considered two different baseline and outcome measurements,
whichever one was conducted first would potentially influence the other measurement. This
questions the validity of the study’s methodology and the reliability of the results. However,
both groups participated in the same protocol with only the interventions differing. This may
suggest that the ballistic intervention has potential to produce a greater PAP effect compared

to a heavy resistance training.

If benefits occur in vertical jumps with jump variations including drop jumps (Hilfiker et
al., 2007) and depth jumps (Masamoto et al., 2003), then similar benefits are hypothesised
with vertical jumps as the conditioning activity. Hilfiker et al., (2007) found that including
a depth jump in a warm-up improved the outcome of a subsequent vertical jump. It is
important to note that a bodyweight variation of a vertical jump can enhance the outcome of
a subsequent jump without the need of an external resistance. This may indicate that
specificity to the subsequent task and the intensity of the conditioning activity are key
components in PAP. Coaches closely emulate the tasks and skills required in competition
within the warm-up phase, both during training and competition to affect the specificity
principle. There is a positive performance correlation between a sport and the warm-up
processes (Russell et al., 2015). Similarly, the effectiveness of PAP is determined by how
closely the conditioning activity relates to the subsequent task (Till and Cooke, 2009). Van
den Tillaar, Lerberg and von Heimburg, (2019) demonstrated that specificity is an important
constituent in the development of a potentiated outcome. A warm-up with activities similar
to the subsequent task was used with significant benefit compared to an alternate non-

specific warm-up. Burkett, Phillips and Ziuraitis, (2005) investigated the effect of intensity
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and specificity of four warm-up tasks on the outcome of a vertical jump, and found a
correlation between both the intensity and specificity of the conditioning activity on the
subsequent task. The concept of the RAMP warm-up is well known and utilises a variety of
similar exercise to potentiate athletes prior to maximal competition or training (Van den
Tillaar, Lerberg and von Heimburg, 2019). Where this thesis diverges from the standard
RAMP protocol is attempting providing evidence that an activity, like a vertical jump can
potentiate the same subsequent activity as effectively as a range of similar conditioning

tasks.

Vertical power is an important attribute to athletic performance. If athletes and coaches are
presented with a method to improve vertical jump performance without the use of external
resistance equipment, while using a simple approach which is easy to administer with
minimal negative effects, the benefit is evident. Researchers have shown that ballistic
exercises can improve power-based activities. This evidence also highlights those ballistic
tasks can produce an effect quickly (<5min) and with minimal negative consequences. The
intensity and the specificity of the conditioning activity are important constituents in
achieving PAP. There seems to be a general agreement that exercises which are similar in
nature (Van den Tillaar et al., 2019) and intensity (Suchomel et al., 2016) provide a better
response especially with the vertical jump. It is these components which this study
investigated, with the purpose to expand the current pool of knowledge and broaden the

existing parameters, with a view to translating to ‘real world’ applications.

Postactivation potentiation using a maximal sprint to potentiate a maximal sprint.

Sprinting, especially distances up to and including one hundred metres are almost
exclusively anaerobic (Dufflield and Dawson, 2003), requiring high force production and
rate of force development. Success or failure is measured in milliseconds, where even a
partial enhancement could affect positioning, creating opportunities and success. There is a
reasonable body of research; exclusively with individual athletes, to suggest that PAP could
improve realistic competitive performances (Karampatsos et al., 2013; Karampatsos et al.,
2017). The guidelines for PAP exist in narrow parameters with most studies suggesting
individualisation of the conditioning activities to achieve the desired effect while the effects

associated with team sports are as yet unavailable in competition and limited to isolated
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testing scenarios in training (Tobin and Delahunt, 2014). Smith et al. (2014) attempted to
potentiate athletes with loaded sled pulls over 20 m accelerations with some success,
however the unloaded sled also showed significant benefits. This indicates that high
intensity running without excess weight; less than 10% body weight, may achieve similar

benefits observed in high intensity weighted runs with up to three times body weight.

Turner et al. (2015) demonstrated how bodyweight bounding; a similar action to high
intensity running (Young, 1992), acutely enhanced 10 m and 20 m sprint performance. This
study compared two interventions against a control condition. One group performed
bounding while the second group performed bounding with a weighted vest at 10% of the
participants’ bodyweight. Both groups improved compared to the control. However, the
bodyweight group showed improvement between two and four minutes while the weighted
vest group only showed maximal improvement by eight minutes post intervention. Notable
in this study is that a horizontal bias conditioning intervention in both weighted and
bodyweight effected a positive change in a horizontal bias outcome measurement (maximal
sprint). Issues pertaining to the study revolve around the application of multiple time points
for outcome measurements. This effectively means that the latter results could not be directly
attributed to the interventions as the participants have been exposed to earlier testing which
may enhance or decrease the subsequent outcomes. Regardless, this does provide some
evidence on the benefits of maximal intensity and specific conditioning activities on similar
outcome measures. If athletes can achieve similar potentiated effects using simpler

conditioning activities, then the benefit is evident.

Van den Tillaar, Lerberg and von Heimburg, (2019) investigated the effect of a slower
warm-up involving dynamic exercises and jogging to a similar warm-up with increasing
intensity sprinting. The investigators intended to investigate whether the duration of the
warm-up or the intensity and specificity of the warm-up was more influential in improving
the outcome of a subsequent sprint. The outcome suggested that the longer, less specific
warm-up had less influence on the sprint performance when compared to the longer specific
and shorter specific warm-ups. Both involved a gradual increase in the velocity of the final
warm-up runs culminating in a maximal effort prior to the outcome measurement. It was
also reported that the participant’s perceived exertion was significantly less after the shorter

specific warm-up compared to the longer specific warm-up. This is important as it highlights
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the importance of developing warm-up practices which athletes are more likely to adopt and
that potentially allow time to focus on other important aspects of the warm-up such as
technical or tactical skills in team sports. The higher velocity warm-up showed significantly

greater improvements over the timed distance.

Watterdal (2013) exposed participants to a longer warm-up of 35 minutes which consisted
of five maximal sprints prior to a 60 m sprint outcome measurement and a shorter warm-up
of ten minutes with a single maximal sprint. A control condition was also included. Although
no significant difference was found between the groups, possibly due to the small sample
size (n=5), the result demonstrated that most of the participants ran the quickest 60 m
following the shorter warm-up. The author discusses that the longer warm-up may induce
fatigue prior to the outcome measurement. However, this does provide some indication that
a maximal horizontal effort as part of a warm-up may be able to induce a PAP effect in a
subsequent horizontal bias task, in this case sprinting. The participants also reported their
satisfaction with each of the warm-ups and there was a clear approval rating of 6.9/10 for
the shorter warm-up compared to a 5.9/10 for the longer warm-up and less for the control
condition. This highlights that athletes may prefer to have a warm-up that is not only
effective but also simple to implement which is perceived as not interfering with the

competition or training preparation.

The possibility that an athlete has the potential to compete at an elevated state of activation
or to achieve a greater training stimulus drives PAP research forward. Silva et al. (2018)
found that sprints at the end of a warm-up possibly improves athletic performance by 2-3%
which is in line with the reported benefits of PAP using ballistic exercises (Creekmur et al.,
2017). The challenge is to achieve these benefits within reasonable warm-up time frames.
By using highly fatiguing or excessively long conditioning activities, the less likely athletes
will incorporate these with their competition preparations. As PAP exists in narrow
parameters, it is important that researchers challenge the current understanding and expand
the pool of knowledge to make PAP a useful competition adjunct. PAP needs clear
parameters and simple processes for athletes to achieve the benefits, while remaining in a

state of focus prior to the event.
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In many sports, athletic potential is related to one’s ability to run fast. Where this thesis
diverges for the standard warm-up protocol is providing evidence that an activity, such as a
maximal sprint or vertical jump can potentiate the same subsequent activity as effectively
and slightly better than a range of similar conditioning tasks. As this fall within the warm-
up paradigm, it is understandable to consolidate these PAPE conditioning activities into this
phase. However, as the sprint precedes the specific intent of undertaking a maximal sprint,
then I would classify them as a conditioning activity. Many other factors influence an
athlete’s success especially in a team sport setting. However, if a certain strategy can assist
in acutely affecting an athlete’s performance outcomes with minimal effort, facilities, or
time constraints, it seems worth considering. The evidence points to shorter, more specific,
more intense warm-ups being preferred by athletes. It is also clear that doing more to induce
a positive change may also be detrimental. This study intends to investigate the link between
specificity and intensity with a participant’s ability to produce an enhanced outcome,

specifically by using a sprint to potentiate a subsequent sprint.

Conclusion

Postactivation potentiation is a principle which suggests that an athlete can acutely enhance
the potential of a subsequent task by undertaking some form of conditioning activity. This
review has discussed the traditional approach to producing a PAP effect using heavy
resistance training and has discussed why this is impractical in a ‘real world’ competition
environment. The review highlighted the some of the potential benefits which ballistic type
exercises hold in producing a full or partial PAP response. Along with requiring less
equipment, space and time it was also preferred in many cases by the athletes themselves. It
is for this reason that these studies will investigate whether ballistic tasks such as a vertical
jump, a sprint or another sports specific conditioning activity can potentiate a similar
subsequent task and whether this is a viable and practical intervention to introduce to
coaches and athletes as part of their warm-ups in a ‘real world’ competition and training

environment.

Aims and objectives of the thesis.
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This thesis aimed to provide an alternative, practical coaching solution for athletes to achieve
PAP simply and quickly in a training and competition environment. Specifically, the thesis
determined whether bodyweight, ballistic tasks can be used as conditioning activities to
achieve PAP. Three studies were performed. Study one and study two used a randomised
controlled trial methodology to investigate whether a vertical and horizontal bias
bodyweight conditioning activity can affect an outcome measurement of a similar
subsequent activity. This allowed for a comparison of not only the outcome measurement
within the group relative to a baseline measurement but also between the groups, as a control
condition was used. It was also important to determine the magnitude of the outcome. This
was done firstly by introducing a third group which undertook an intervention previously
investigated and shown to have a PAP benefit and secondly determined the effect size
associated with both interventions compared to the control condition. The results were not
only reliable as strong scientific rigour was applied but also valid. Study three used a
systematic review and meta-analysis to investigate the effect of using a bodyweight
conditioning activity and included the results obtained from study one and study two. This
included strict inclusion criteria and followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) guidelines to evaluate these studies and other studies

to synthesise and summarise the results.

Aim

To determine if bodyweight conditioning activities similar in type and intensity to the

subsequent task result in a PAP response

Objectives

e To assess whether a maximal vertical jump can potentiate a subsequent vertical
jump.

e To assess whether a maximal sprint effort can potentiate a subsequent sprint effort.

e To analyse the available data on PAP using bodyweight tasks through a systematic
review and meta-analysis.

e To make recommendations for the application of PAP in a ‘real world’ sporting

environment.
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CHAPTER 2 - Study one: Brink N, Constantinou D, and Torres G (2021)
Postactivation performance enhancement (PAPE) of sprint acceleration performance,

European Journal of Sports Science. DOI: 10.1080/17461391.2021.1955012 (published)

At the time of this thesis submission, study one was published in the European Journal of
Sports Science, as an original article (Appendix 9). The original content has not been altered
but figures, tables, and captions as well as referencing style have been adapted and are
presented in line with the thesis format. Postactivation performance enhancement (PAPE)
will be used in this study to refer to an acute bout of high intensity voluntary exercise

followed by an enhancement in strength, speed or power production.
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1. Original study

Title: Postactivation performance enhancement (PAPE) of sprint acceleration performance

Authors: Nicholas Brink, Demitri Constantinou, Georgia Torres

Abstract

Postactivation performance enhancement (PAPE) is a principle that an acute bout of high
intensity voluntary exercise is followed by an enhancement in strength, speed, or power
production. As an integral part of the warm-up, this study intended to show a direct
correlation between intensity, specificity, and the outcome of a maximal task of sprint
accelerations compared to a previously defined weighted plyometric intervention. In a
randomised controlled, double-blind trial, adult professional footballers undertook 20 m
maximal sprint accelerations at a baseline and at two and six minutes post-intervention after
one of three interventions; two repetitions of 20 m sprint accelerations (S), 3x10 alternative
leg weighted bounding (P) and control (C). All the baseline outcomes were similar between
the groups. Relative to the baseline there was a significant improvement for S over 10 m and
20 m at two minutes of 0.12 m's™ and 0.11 m's™! and at six minutes of 0.11 m's™ and 0.12
m's™. Relative to the baseline P also had a significant improvement over 10 m and 20 m at
two minutes 0.09 ms™ and 0.09 m's™ and at six minutes of 0.11 m's™ and 0.09 m's™ There
was also a significant improvement in C between two and six minutes post-intervention at
10 m and 20 m of 0.06 m's™! and 0.08 m's'. There was no significant difference between the
interventions and C. This finding suggests that a maximal sprint acceleration may enhance
the outcome of a subsequent maximal sprint acceleration at two minutes, but the latter results
could not be directly attributed to the interventions as previous testing is likely to have

influenced these outcomes.

Key words: PAPE; intensity; PAP; specificity; plyometric; sprinting.
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Introduction

Sprinting requires a high rate of force production that is linked to acceleration, speed, change
of direction and power and relates directly to training effect and competition outcomes
(Colyer et al., 2018; van den Tillaar et al., 2019). The warm-up plays an important role in
enhancing or diminishing this desired effect so even small deviations; especially evident in
isolated sprinting events, can influence success or failure (Gil et al., 2019). When preparing
for maximal exertion, maximal sprinting is often incorporated as the apex of the warm-up
sequence (Silva et al., 2018). There is evidence that high velocity, high intensity tasks at the
end of a warm-up can acutely enhance an athletes’ potential which exceeds the enhancement
attained by a submaximal warm-up alone (van den Tillaar et al., 2019). In this study,
postactivation potentiation (PAP) will refer to enhancements in muscle twitch response
while postactivation performance enhancement (PAPE) will refer to an acute bout of high
intensity voluntary exercise followed by an enhancement in strength, speed or power

production (Blazevich and Babault, 2019; Zimmermann et al., 2020).

Postactivation performance enhancement is a physical training principle which proposes that
a muscle can be acutely optimised by its contractile history, which in turn affects the
outcome of a subsequent task (Hodgson et al., 2005; Lorenz, 2011). There is a plethora of
evidence linking heavy resistance training (HRT) with a PAPE response using a heavy
resistance isotonic preload stimulus (75-90% 1RM) to achieve this enhanced state (Hodgson
et al., 2005; Matthews et al., 2004; Wilson et al., 2013). Although HRT has shown effective
results, the nature of heavy lifting constrains coaches and athletes to use equipment and
requires individualised time frames to dispel the associated fatigue consequence, making
this strategy impractical in a training and competitive environment (Wilson et al., 2013).
These effects are untested in a competition environment especially in team sports and limited
to isolated testing scenarios in training (Bevan et al., 2010; Tobin and Delahunt, 2014). The
guidelines for PAPE using HRT exist within narrow parameters with a high proportion of
non-responders prompting cautionary recommendations from investigators to individualise
the delay times after the conditioning activity (CA) to achieve the desired effect (Wilson et
al., 2013). However, there seems to be a proportional association between the specificity
and the intensity of the CA and PAPE which has been similarly defined in many warm-up
practices (Burkett et al., 2005; Russell et al., 2015; van den Tillaar et al., 2019). This concept
suggests that athletes could optimize prior to performing a maximal activity by using a CA

similar in nature and intensity to the expected outcome (Suchomel et al., 2017).
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There is a growing interest in the PAPE effects elicited by ballistic movements and
plyometrics. By utilising high velocity, high power movements, the larger muscle fibers can
theoretically be recruited extremely quickly, underpinning the success seen with plyometrics
and PAPE (Maloney et al., 2014). Although much of the research associated with PAPE and
plyometrics involves a weighted CA, (Piper et al., 2020) unweighted activities have also
shown improvements (Turner et al., 2015). Research suggests that using an unweighted CA
very similar to the final task can enhance performances within specific populations as much
as a comparable weighted CA (Smith et al., 2014). Karampatsos et al. (2013; 2017) observed
that field event athletes achieved significantly greater throw distances 1 minute after a 20 m
sprint at maximal effort in training. Sharma et al (2018) showed that multiple unweighted
plyometric tasks had a greater effect on a 20 m sprint performance compared to that of HRT,
suggesting that unweighted plyometrics may play an important role in acutely enhancing
muscle tissue, a concept reiterated by Creekmur et al. (2017). Smith et al. (2014) found that
unloaded sled pull improved athletes 20 m sprint times as much as weighted sled pulls. This
indicates that high intensity running without excess weight may have similar benefits to high
intensity weighted runs. Turner et al. (2015) demonstrated how body-weighted bounding;
an action similar to high intensity running (Young, 1992) acutely enhanced 10 m and 20 m

sprint accelerations.

Common aspects associated with PAPE seem to include the specificity to the outcome task
and the intensity of the CA. Coaches would closely emulate the tasks and skills required in
competition within the warm-up phase to affect this specificity principle. There is a positive
performance correlation between a sport and its warm-up processes (Russell et al., 2015).
Similarly, a common theme relating to the effectiveness of PAPE, is how closely the CA
relates to the outcome task (Till and Cooke, 2009). Van den Tillaar et al. (2019) found that
specificity is an important constituent in the development of an enhanced outcome. A warm-
up with activities similar to the subsequent task were used with significant benefit compared
to an alternate non-specific warm-up. Van den Tillaar et al. (2019) also investigated the
effect of a slower warm-up involving dynamic exercises and jogging to a similar warm-up
with increasing intensity sprinting. The higher velocity warm-up showed significantly
greater improvements over the timed distance. Silva et al. (2018) found that sprints at the
end of a warm-up improves athletic performance by 2-3% which is in line with the reported

benefits of PAPE using plyometrics (Creekmur et al., 2017)
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This study intended to demonstrate how a CA similar in specificity and intensity to a sprint
acceleration could be used to improve a subsequent sprint acceleration over 10 m and 20 m.
It was hypothesised that this sprint acceleration intervention would improve a subsequent
sprint acceleration as much as a previously defined weighted, plyometric PAPE intervention,

and more than that of a control group.

Methods

Study design

A randomised, double-blinded controlled study design was used to compare the effects of a
maximal sprint accelerations in relation to a weighted plyometric activity and a control
condition on the outcome of 20 m sprint accelerations. Although a crossover design might
have been better, testing professional athletes can be a challenging undertaking due to their
hectic training and match schedule allowing for a small window of opportunity. For this
reason, a single testing session was selected. Ethics approval for the study was granted by
the University of the Witwatersrand’s Human Research Ethics Committee (Medical)

(approval number M190623).

Participants and sampling

Male, professional soccer players were invited to participate in this study from the first and
reserve squad linked to a team in South Africa’s Premier Soccer League (age: 24 & 5 years;
mass: 69.2 £ 9.8 kg; height: 1.74 £ 0.06 m; relative squat strength [absolute squat
strength/body mass]: 1.85 + 0.19). The participants were invited on the basis that they were
match fit and in full training participation. Seventy-two participants consented to participate
in the study, with three participants excluded based on being unfit to train. The remaining
(n=69) participants were randomly and uniformly allocated to either; the sprint acceleration
group (S), the plyometric group (P) or the control group (C) by an independent assessor to
prevent selection bias. All the participants were informed about the study parameters but
were blinded to the study’s objectives to prevent bias and signed a consent document to
acknowledge this. A minimum sample of 69 (effect size = 0.54, power = 0.95 and
significance level = 0.05); was determined from a sample size calculation using G*Power
software (version 3.1.9.2; Heinrich-Heine-Universitit Dusseldorf, Germany), effect size
specification as in Cohen (1988) and the sprint velocity over 20 m influenced by time x

condition interaction from Turner et al (Turner et al., 2015).
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Procedures

All participants had height in meters (Charder, portable height measure unit; Fizique,
Johannesburg, RSA) and mass in kilograms (Charder, electric scale; Fizique, Johannesburg,
RSA) measurements recorded prior to the testing. Testing occurred 48-hours after the most
recent training session. Each randomised group was separated from the other groups
allowing for blinding to the different interventions. A designated member of the coaching
staff (UEFA A-licensed), familiar with the testing procedure was selected to administer the
warm-up, intervention, pre- and post-intervention testing. He was instructed by the primary
investigator on the procedures but not informed of the objectives of the study allowing for

blinding to prevent bias.

Participants reported to training as normal and undertook a standardised preparation football
warm-up of approximately 20 minutes consisting of jogging, dynamic stretching, body
preparation exercise, submaximal sprints; up to ~90%, submaximal plyometrics and six vs
two, five minute rondos (small-sided possession games). The warm-up and testing occurred
on a football pitch, with football boots which the participants were accustomed to using.
After the warm-up, the participants progressed to the maximal baseline testing; 2 x 20 m
pre-intervention sprint accelerations, with timing gates at the start, 10 m, and 20 m. This was
followed by low intensity ball related games (head tennis) for 20 minutes to maintain an
estimated elevated body temperature but expel any potential PAPE effects accrued during
the baseline testing (Maloney et al., 2014). After 20 minutes S, P and C performed their

individual interventions.

Intervention

To account for the possible PAPE and fatiguing consequences of the intervention testing, C
participated in the pre-intervention testing and the post-intervention testing while omitting
the intervention. A 20 minute period between the pre-intervention testing and the
intervention was used to ensure that any PAPE effects incurred during the pre-intervention
testing were completely dispelled prior to performing the interventions, a consequence not

previously discussed in previous studies (Vandenboom, 2011; Turner et al., 2015).

The S group participants performed two maximal sprint accelerations over 20 m at 95% or

above of their baseline maximum to account for specificity and intensity. The P group
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participants undertook 3 sets of 10 weighted alternative leg bounds as defined by Turner et
al. (2015) using 10% body mass weighted vests (Fit for Life, adjustable weighted vest;
Fizique, Johannesburg, RSA). It is worth noting that the investigators used this intervention
exactly as described by Turner et al. (2015), however the pre- and post-intervention protocol
differed allowing for this studies objectives to be investigated. The C group participants
continued to walk during the intervention period to maintain estimated elevated muscle
temperature. The total time for intervention period was ~90 sec and was comparable between
all participants. Following the interventions, the participants completed two maximal sprints
accelerations at two and six minutes respectively post-intervention (Gotas et al., 2016).
Participants completed the four post-intervention test sprint accelerations with the aim to

achieve the best outcome.

Measurements

The sprint accelerations were measured using speed gates (Fusion Sport, SmartSpeed,
v.1.5.2) at 0 m, 10 m, and 20 m. The participants started 0.3 m behind the first gates (Russell
et al., 2015) on their own time following a ready command. They were instructed to sprint
with maximal effort past the final gate. The participants performed two maximal sprints at
the pre-intervention and post-intervention tests with the goal of achieving the fastest
outcome. The sprint acceleration intervention was compared to the baseline to assess for
intensity as one of the highly influential factors in achieving PAPE. The S group participants
who did not achieve 95% or above of the baseline testing during the intervention testing
were recorded and compared to the within group participants who achieve 95% or above

compared to the pre-intervention testing.

Statistical analysis

Statistical analysis was performed using SPSS software (Version 26; SPSS, Inc, Chicago,
IL, USA). The data were tested for normality using the Shapiro-Wilk test. The data are
presented as a mean + standard deviation. A 3x3 mixed design analysis of variance with a
within-between interaction was used to investigate the 10 and 20 m sprint accelerations. The
between group factor being the groups (S, P and C) and the within subject factor being time
(pre-intervention, two minutes post-intervention and six minutes post-intervention).
Mauchly’s test was consulted and Greenhouse-Geisser correction was applied if sphericity

was violated. Significant main events observed in the within subject factor for each time
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point was compared to the baseline and were investigated further with a Bonferroni pairwise
comparison. Where significant p values were identified for the interaction effect (time x
group), posthoc testing used Cohen’s d for each pairwise comparison. The magnitude of
effect size was evaluated and considered trivial (<0.2), small (0.2-0.50), moderate (0.50—
0.80), and large (>0.80) as proposed by Cohen. Individual performances were recorded and
monitored for significant differences from before and after the CA as well as the percentage
of individuals who displayed change. A paired t test was used to compare the baseline and

the sprint intervention. The level of significance was set at p < 0.05.

Results

The mean + SD values for the between and within group results are reported in table 1. The
pre-intervention baseline testing also showed good test-retest reliability of (0.81) and (0.85)
for 10 and 20 m, respectively. The 20 m sprint acceleration was influenced by a significant
interaction between time x group, (Fs,132=3.19, p <0.05, partial n>= 0.09) and time (F2, 132
=23.76,p <0.001, partial > = 0.27). There was no significant difference between the groups
at baseline (p = 0.894) and the control group did not change between the intervention.
Relative to the baseline there was a significant difference for S (F2,44= 20.14, p < 0.001,
partial n? = 0.49), at two minutes (6.73 m's™ + 0.19, p < 0.001) and six minutes (6.73 m's!
+0.19, p < 0.001) and for P (F2,44= 6.61, p = 0.003, partial n>= 0.23) at two minutes (6.73
ms! +0.15, p=0.038) and six minutes (6.74 m's™ £ 0.17, p < 0.001) over 20 m. Although
C showed no mean difference between the pre-intervention baseline and post intervention
at two minutes, there was a significant mean difference between two minutes post-
intervention and six minutes post-intervention (6.71 m's™ £ 0.17, p = 0.003). There was no
significant difference between the groups at any time point. However, S and P were 1.47%

and 1.44% faster than C at two minutes, respectively.

Table 1. Sprint velocity over 20 m mean = SD values.

Pre-intervention Post-intervention Post-intervention
Groups
baseline two minutes six minutes
20 m sprint Sprint 6.62+0.15 6.73 £0.19* 6.73 £0.19%
velocity (m's™) Plyometric 6.63+£0.13 6.73 £0.15* 6.74 £0.17%
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Control 6.64+£0.15 6.63+0.16 6.71 £0.17%
Sprint

p-value (ES) 1.00 (0.13) >0.05 (0.57) 1.00 (0.11)
compared to

ES assessment Trivial Moderate Trivial
control
Plyometric

p-value (ES) 1.00 (0.07) >0.05 (0.64) 1.00 (0.17)
compared to

ES assessment Trivial Moderate Trivial

control

* Significantly different from pre-intervention baseline, ES = Effect size, p-value =
significant level. T Significantly different from post-intervention time point two minutes. No

significant between group differences observed.

The mean + SD values for the between and within group results are reported in table 2. The
10 m sprint acceleration was influenced by a significant interaction between time and group,
(F,132 = 2.53, p < 0.05, partial n>=0.07) and time (F>, 132 = 22.07, p < 0.001, partial n*>=
0.25). There was no significant difference between the groups at baseline (p = 0.776) and
the control group did not change between the intervention. Relative to the baseline there was
a significant difference for S (F2, 44 = 16.40, p < 0.001, partial n?> = 0.43), at two minutes
(5.82ms!£0.17, p=0.001) and six minutes (5.80 ms! £ 0.18, p < 0.001) and P (F2, 44 =
6.02, p=0.005, partial n?> = 0.22) at two minutes (5.81 m's' £ 0,15 p <0.05) and six minutes
(5.81 m's' £0.16, p<0.05) over 10 m. Although C showed no mean difference between the
pre-intervention baseline and post intervention at time point two minutes, there was a
significant mean difference between two minutes post-intervention and six minutes post-
intervention (5.80m's™ + 0.16, p < 0.05). There was no significant difference between the
groups at any time point. However, S and P were 1.44% and 1.22% faster than C at two

minutes, respectively.

Table 2. Sprint velocity over 10 m mean £ SD values.

Pre-intervention Post-intervention Post-intervention

Groups
baseline two minutes six minutes
Sprint 5.70 £0.15 5.82+0.17* 5.80 £0.18*
10 m sprint )
Plyometric 5.72+£0.11 5.81 £0.15* 5.81 £0.16%
velocity (m's™)
Control 5.72 £0.15 5.74+£0.14 5.80+0.16F
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Sprint

p-value (ES) 1.00 (0.13) >0.05 (0.51) 1.00 (0.17)
compared to o o

ES assessment Trivial Moderate Trivial
control
Plyometric

p-value (ES) 1.00 (0.09) >0.05 (0.48) 1.00 (0.06)
compared to

ES assessment Trivial Small Trivial
control

* Significantly different from pre-intervention baseline, ES = Effect size, p-value =
significant level. T Significantly different from post-intervention time point two minutes. No

significant between group differences observed.

Eighteen (78%) and 19 (83%) of the 23 participants in S did their fastest 10 m sprint
acceleration at two and six minutes respectively, while 20 (87%) of the participants did their
fastest 20 m sprint acceleration at two and six minutes compared to their baseline sprint
acceleration. All 23 participants within this group achieved > 95% of the baseline velocity
during the intervention over both the 10 m and 20 m. There was no significant difference
between the baseline velocity and the intervention velocity in S over 10 m (p = 0.23) or 20

m (p=0.22)

Discussion

The outcome of this study supports the hypothesis that a maximal sprint acceleration
intervention may improve the outcome of a subsequent maximal sprint acceleration. When
compared to a previously tested PAPE effect (Turner et al., 2015); using a weighted
plyometric intervention, the sprint acceleration group showed improvements in sprint
velocity within a similar range over two and six minutes post-intervention. Furthermore,
following a standardised football warm-up, some improvements were observed following a
maximal sprint acceleration intervention compared to no intervention. Although this
between group outcome was not significant, a medium effect size of d = 0.57 and 0.51 for
20 m and 10 m was found at two minutes between group S and group C indicating a moderate
difference in magnitude. Group C demonstrated a significant improvement during the post-
intervention testing between two and six minutes. Additionally, groups S and P significantly
improved their within group times relative to their baselines. This shows that a maximal
sprint acceleration intervention may improve the outcome of a subsequent maximal sprint

acceleration.
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A sprint acceleration intervention can improve a subsequent sprint acceleration within two
minutes and these improvements can be maintained for at least six minutes. However, these
improvements at six minutes cannot be directly attributed to the intervention effect and may
be influenced by the initial post-intervention testing evident in group C. This is an important
consideration when preparing athletes for competition or training. Many studies have
discussed the implication of the enhancement/fatigue factor with previous studies having
shown a delay in this improvement especially after using a heavy CA (Hodgson et al., 2005;
Matthews et al., 2004; Wilson et al., 2013). This is likely due to an initial heightened fatigue
effect which is less evident when ballistic or plyometric CA’s were used (Sharma et al.,
2018). This suggests that a heavier CA induces more fatigue and thus requires longer
recovery until PAPE is reached. Studies assessing heavier CA’s; >75% 1RM, compared to
plyometric CA’s have shown similar outcomes with marked differences in time between CA
and maximal improvements (Maloney et al., 2014). Along with the cumbersome nature of
using weights it is challenging to find out when the fatigue has dispelled and an athlete has
achieved an enhanced state, linked to the individualisation of the PAPE effect. Most studies
that use body weight or plyometric tasks compared to heavier CA’s show quicker recovery
times post CA while in this study, neither S nor P showed diminished performance post-
intervention (Maloney et al., 2014; Seitz and Haff, 2016). This has been demonstrated in
previous studies where interventions like body weight activities; sprints, jumps and
plyometric activities show quick improvements with minimal early fatiguing effects, while
more weighted the interventions, the longer the period between diminished performance to

the enhancement (Seitz and Haff, 2016; Wilson et al., 2013).

Blazevich and Babault, (2019) suggest that using a submaximal warm-up results in the CA
producing a more extreme PAPE effect while a maximal or complete warm-up prior to the
CA tend to produce more varied outcomes. Large parts of the literature indicate that the
warm-up processes for PAPE studies are submaximal (Smith et al., 2014; Sharma et al.,
2018; Tobin and Delahunt, 2014), effectively allowing the testing and intervention to
produce an exaggerated PAPE effect. Part of this study revealed that a standardised football
warm-up is not sufficient to fully enhance athletes as indicated by their pre-intervention

baseline sprint velocities compared to the post-intervention sprint velocities. It was only the
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addition of the maximal intervention which allowed the participants to exceed the baseline
level evident in the S and P. Group C who did not receive either intervention and were
allowed ~25 minutes to dispel any PAPE effects incurred during the pre-intervention testing
had no significant change from the baseline to two minutes post-intervention. This study
attempted to reduce any effect that baseline testing may have had on the subsequent results.
The length of PAPE is reported in different studies as lasting anything up to 20 minutes post-
intervention (Blazevich and Babault, 2019). This investigation attempted to reduce any
PAPE effects from the pre-intervention baseline testing by allowing each group 20 minutes
to dispel any fatigue and or enhanced effects incurred during the baseline testing. This
coupled with the C group not participating in the intervention demonstrated that the
intervention was directly attributed to the subsequent improvements observed in the S and

P groups at two minutes.

What was not initially considered was what effect the subsequent post-intervention testing
would have on the next post-intervention test. The C group had a significant change post-
intervention from two minutes post-intervention to six minutes post-intervention. This
improvement was attributed to the testing impulse at two minutes as their previous impulse
was ~25 minutes previously allowing for sufficient time to dispel any PAPE effects which
was highlighted in the pre-intervention baseline test and post-intervention test at two
minutes, showing no significant difference. This indicates a maximal sprint acceleration at
two minutes during post-intervention testing was sufficient in nature to achieve a PAPE
state. This also suggests that the maintained enhancement for S and P between two minutes
and six minutes post-intervention cannot be directly attributed to the intervention either and
that the results during the second post-intervention testing were affected by the initial post-
intervention testing. This shows that in this study the results at six minutes post-intervention
cannot be directly attributed to the effect of the intervention and were also affected by the
sprint acceleration at two minutes post-intervention. This makes previous findings
questionable where multiple post-intervention tests are undertaken and suggests caution
when reviewing literature where significant change is reported with multiple post-
intervention testing scenarios administered. Future consideration needs to be given to the

effect testing protocols have on subsequent testing protocols when investigating PAPE.
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This study demonstrated that the majority (>75% over 10 m and >80% over 20 m) of the
participants in S improved their velocity at the two and six minutes post-intervention
compared to their pre-intervention baseline outcome. In contrast P showed an improvement
in >65% of the participants over the same distances and time points. An unexpected outcome
of this study was that approximately 75% of the participants in the C group showed
significant improvements over both the 10 m and 20 m, between the two and six minutes
post-intervention tests. This may suggest that within this population and this environment,
more participants overall will elicit improvements doing a sprint acceleration rather than a
weighted bounding intervention, up to six minutes post-intervention. This supports the claim
that specificity and intensity may be highly influential in producing an early PAPE response
in more participants within a group. Achieving this PAPE response may help to mitigate the
individual response effect as even if some individuals are non-responders or partial

responders the odds of this are reduced.

Conclusion

The findings of this study have important implications for coaches looking to take advantage
of the PAPE conundrum. This study proposes that a sprint acceleration; specifically, two
sets of 20 m maximal intensity runs, may induce a PAPE response in a subsequent maximal
10 m and 20 m maximal sprint acceleration at two minutes. The improvements observed
from a sprint acceleration CA are of a similar magnitude to a weighted plyometric CA with
a horizontal bias. Comparable to other plyometric CA’s utilizing body weight, sprint
accelerations seem to exhibit immediate enhancements without the associated fatigue effects
commonly observed with PAPE and HRT. Future consideration needs to be given to the
effect testing protocols have on subsequent testing protocols when investigating PAPE. This
format of inducing a PAPE response promotes a practical warm-up solution for athletes and
coaches seeking to achieve performance enhancement without using laborious equipment,
determining individual response times, or eliciting a dominant initial fatigue consequence.
In conclusion the implementation of a CA or preload stimulus similar in nature and intensity
to the subsequent task may be effective in delivering an enhancement to competitive athletes

and teams.
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CHAPTER 3 - Study two: Brink N, Constantinou D, and Torres G (2021)
Postactivation Performance Enhancement (PAPE) using a vertical jump to improve

vertical jump performance, Journal of Sports Medicine and Physical Fitness. DOI:
10.23736/S0022-4707.22.12899-9 (accepted)

At the time of this thesis submission, study two has been accepted at the Journal of Sports
Medicine and Physical Fitness, as an original article. The original content has not been
altered. For the purposes of this thesis figures, tables, and captions as well as referencing
style have been adapted in line with the format of this thesis. Postactivation performance
enhancement (PAPE) will be used in this study to refer to an acute bout of high intensity

voluntary exercise followed by an enhancement in strength, speed or power production.
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2. Original study

Title: Postactivation Performance Enhancement (PAPE) using a vertical jump to improve

vertical jump performance.

Authors: Nicholas Brink, Demitri Constantinou, Georgia Torres

Abstract

Background: Postactivation performance enhancement (PAPE) is a principle that suggests
that an acute bout of high intensity voluntary exercise will be followed by an improvement
in strength, power, and speed of a subsequent task. This study intended to demonstrate how
a maximal vertical jump can enhance the outcome of a subsequent vertical jump compared
to a multiple jump series and a control. Methods: In a randomised controlled, double blind
trial, adult professional soccer players (n = 69) undertook maximal vertical jumps at baseline
and at two and six minutes post-intervention after one of three interventions; two repetitions
of a maximal vertical jump (VJ), 40 repetitions of a multiple jump series (MJ) or a walking
control (CON). Results: All baseline outcomes were similar between all the groups. Relative
to the baseline there was a significant improvement for VJ in jump height and power output
at two minutes of 1.89 cm and 114.45 W and relative to the baseline, MJ also had a
significant improvement at two minutes of 1.51 cm and 91.60 W. By six minutes both groups
had reverted to baseline values. There was no change in CON across the experiment and no
significant difference between CON and the interventions. Conclusions: These findings
suggests that two maximal vertical jumps may enhance the outcome of a subsequent
maximal vertical jump after two minutes and as much as a series of 40 jumps. However,

these enhancements were not sustained for a further four minutes in either group.
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Background

The application of the warm-up prior to sport participation is an opportunity to prepare an
athlete both physically and mentally for the upcoming activity (van den Tillaar et al., 2019).
The warm-up has always drawn interest amongst coaches, researchers, and athletes alike
due to the high association with performance outcomes (Silva et al., 2018). The potential for
athletes to maximise their performance outcomes by undertaking a grouping of physical
tasks raises the interest in the warm-up process (Russell et al., 2015). Postactivation
performance enhancement (PAPE) has been hypothesised as a medium for exceeding the
performance potential attained by the warm-up alone (Hodgson et al., 2005). There is
evidence that specific, high intensity tasks, such as a plyometric activity (Karampatsos et
al., 2017; Karampatsos et al., 2013; Silva et al., 2018) at the end of a warm-up can acutely
enhance an athlete’s potential which exceeds the enhancement attained by a submaximal

warm-up alone (van den Tillaar et al., 2019).

Current literature has discussed the association between postactivation potentiation (PAP)
and postactivation performance enhancement (PAPE) (Smith and Maclntosh, 2021).
Conventional models suggested that PAP is any acute enhancement lasting up to 20 minutes
following heavy resistance training or a high intensity ballistic activity (Blazevich and
Babault, 2019; Maloney et al., 2014). It is proposed that an initial contraction increases the
myosin regulatory light chain (RLC) phosphorylation that supports the effects observed in
PAP, including an enhancement in voluntary contractile force (Vandenboom, 2011).
Although part of this may be true, PAP only refers to an enhancement of an evoked twitch
response, which is relatively short lived and rapidly decreases after ~1 minute (Vandervoort
et al., 1983). Postactivation performance enhancement is associated with among other
things; voluntary contractions, increases in muscle temperature and several neural
mechanisms unrelated to RLC phosphorylation where muscle twitch has not been directly
assessed (Cuenca-Fernandez et al., 2017; Prieske et al., 2020). This study did not intend to
explore these terms in detail, except to apply the correct terminology. In this study
postactivation potentiation will refer to reported changes in muscle twitch response while,
PAPE will refer to an acute bout of high intensity voluntary exercise followed by an
improvement in power, speed and strength production (Blazevich and Babault, 2019;

Zimmermann et al., 2020).
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PAPE has been shown to be effective in improving the acute outcome in a subsequent task,
traditionally following heavy resistance training (Lorenz, 2011; Hodgson et al., 2005). The
evidence linking heavy resistance training and PAPE indicates a positive correlation to
performance enhancement when using a conditioning activity between 75-90% of a one
repetition maximum. However, the nature of heavy resistance training requires coaches to
use large, heavy equipment in large spaces with supervision. In addition, sufficient time is
needed to dispel the highly individualised associated fatigue which is often reported with
heavy resistance training (Matthews et al., 2004; Wilson et al., 2013; Hodgson et al., 2005).
This makes heavy resistance training difficult to implement within a training and
competition environment where it remains untested except in a clinical setting. There have
been investigations into the benefits of PAPE within a competition environment, but heavy
resistance training has always produced large disparity between the participants outcomes
(Wilson et al., 2013). Although many athletes respond positively to the heavy resistance
training intervention, there are often non- and negative responders (Wilson et al., 2013). As
a result, a cautionary warning has been issued to coaches by researches when using heavy
resistance training to induce PAPE (Bevan et al., 2010; Tobin and Delahunt, 2014; Till and
Cooke, 2009) and that specific athlete testing may be indicated prior to using PAPE. The
guidelines for PAPE suggest that there is a high correlation between the enhancement, and
the specificity and intensity of the conditioning activity, which is a common theme
associated with most warm-ups (Burkett et al., 2005; Russell et al., 2015; van den Tillaar et
al., 2019). This suggests that PAPE could be achieved while using activities similar in nature

and intensity to the expected outcome.

Plyometrics have demonstrated potential as an alternative to heavy resistance training as a
conditioning activity to elicit a PAPE response. By using high velocity, high power
movements, the type Il muscle fibers can theoretically be recruited extremely quickly,
supporting the success seen with plyometrics as the conditioning activity and PAPE
(Maloney et al., 2014). There are certainly indications that PAPE can be achieved using both
weighted and body weight plyometric tasks; quickly and without the long-time frames to
dispel the associated fatigue commonly seen when using heavy resistance training (Smith et
al., 2014; Turner et al., 2015; Healy and Comyns, 2017). Thus, plyometrics may provide a

practical training and competitive enhancement solution.

42



Body weight plyometric tasks have shown similar or exceed the outcomes of the weighted
and heavy resistance training conditioning activities (Sharma et al., 2018; Turner et al.,
2015). Mola et al. (2014) investigated the recovery time for PAPE in soccer players and
found that heavy resistance training had a reduced global effect compared to the control
group who used a vertical jump indicating that a ballistic intervention was comparable to
the heavy resistance training. This was reiterated by Sharma et al. (2018) who compared a
multiple plyometric task intervention to heavy resistance training and found a significant
benefit for both over multiple outcome measures and time points including a VJ which
exceeded the outcome of the heavy resistance training. Tobin et al. (2014) used similar
methodology to compare a conditioning activity of a series of forty plyometric jumps on the
performance of a vertical jump. The study demonstrated improvements at three time points
post-intervention and other than the volume of jumps and equipment required, the principle

demonstrated potential as a conditioning activity for a competitive environment.

If benefits occur in a vertical jump with jump variations including drop jumps (Hilfiker et
al., 2007) and depth jumps (Masamoto et al., 2003), then similar benefits are hypothesised
with the vertical jump as a conditioning activity. The intensity and the specificity of the
conditioning activity are important constituents in achieving PAPE. There seems to be a
general agreement that exercises which are similar in nature (van den Tillaar et al., 2019)
and intensity (Suchomel et al., 2016) provide a better response, particularly to the vertical
jump. Vertical jump performance has also shown a high correlation to actions commonly
observed in soccer such as short sprints (Gorostiaga et al., 2009). The goal is to achieve
PAPE with minimal disruption to the athlete’s preparations within a reasonable time frame,
while achieving positive effects which outweigh any negative effects. This would allow
athletes to specifically focus their warm-up with minimal equipment, within reasonable

space and time.

This study intended to demonstrate how a maximal vertical jump could be used to improve
the outcome of a subsequent vertical jump. It was hypothesised that this vertical jump
intervention would improve a subsequent vertical jump as much as a previously defined
PAPE intervention (Tobin and Delahunt, 2014) and more than that of a control condition

and the baseline outcome.

Methods
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Study design

A randomised, double blinded controlled study design was used to compare the effects of
two maximal vertical jump in relation to a multiple jump series and a control condition on
the outcome of a maximal vertical jump. A crossover design might have been better, using
a randomised and counterbalanced order over three different and non-consecutive days.
However, testing professional athletes can be a challenging undertaking due to their hectic
training and match schedule allowing for a small window of opportunity. For this reason, a
single testing session was selected. Ethics approval for the study was granted by the
University of the Witwatersrand’s Human Research Ethics Committee (Medical) (approval
number M190623) and was conducted in accordance with the principles set forth in the

Helsinki Declaration.

Participants and sampling

Male, professional soccer players were invited to participate in this study from the first and
reserve squad linked to a team in South Africa’s Premier Soccer League (age: 24 + 5 years;
mass: 69.2 + 9.8 kg; height: 1.74 = 0.06 m; relative strength [absolute strength/body mass]:
1.85 £ 0.19). The participants were invited on the basis that they were match fit and in full
training participation. Seventy-two participants consented to participate in the study, with
three participants excluded based on being unfit to train. The remaining (n=69) participants
were uniformly and randomly allocated to each group by an independent assessor with no
association to the participants prior to testing. All the participants were listed in alphabetical
order by surname and assigned a number from 1 to 69. R statistical software (R x 64 3.5.2)
randomly allocated each number to group A, B or C with an even distribution. Each group
was then randomly allocated to the vertical jump group (VJ), the multiple jump series group
(MJ) or the control group (CON) to prevent selection bias. All the participants were
informed about the study parameters but were blinded to the study’s objectives to prevent
bias and signed a consent document to acknowledge this. The data were kept anonymous
and confidential, using codes and a password. As a regular part of training and testing, these
participants were familiar with all aspects of the testing procedures required as part of this
study. A minimum sample of 18 (effect size = 1.2, power = 0.95 and significance level =
0.05), was determined from a sample size calculation using G*Power software (version
3.1.9.2; Heinrich-Heine-Universitidt Dusseldorf, Germany), effect size specification as in

Cohen (1988) and the vertical jump height influenced by time interaction by Tobin et al.
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(2014). The study used all athletes available (n = 69) as it allowed for easy implementation
of the study.

Procedures

All the participants had their height in metres (Charder, portable height measure unit;
Fizique, Johannesburg, RSA) and mass in kilograms (Charder, electric scale; Fizique,
Johannesburg, RSA) measurements recorded prior to the testing as part of a standard weekly
practice. The testing occurred during the second half of pre-season, 48-hours after the most
recent training session. Each randomised group was separated from the other groups
allowing for blinding to the different interventions. The groups were divided into smaller
groups to allow for accurate timing between the intervention and the pre-intervention and
post-intervention testing. A designated member of the coaching staff (UEFA A-licensed),
familiar with the testing protocol and responsible for the warm-up preparations for the team
was selected to administer the warm-up, intervention, pre-intervention, and post-
intervention testing. The staff member was instructed by the primary investigator on the
procedures but not informed of the objectives of the study allowing for blinding to prevent

bias.

The participants reported to training in their allocated groups and undertook a standardised
soccer warm-up of approximately 20 minutes (Barengo et al., 2014) consisting of jogging,
dynamic stretching, body preparation exercise, submaximal sprints; up to ~90%,
submaximal plyometrics and six vs two, five minute rondos (small-sided possession games).
The warm-up occurred on a soccer pitch, using soccer boots. The testing occurred on a hard,
stable surface alongside the soccer pitch in training shoes which the participants were
accustomed to using. After the warm-up, the participants progressed to the baseline testing,
two maximal vertical jumps. To maintain an estimated elevated body temperature, the
participants partook in low intensity activities with a soccer ball (head tennis). This was to
allow any PAPE effects accrued during the baseline testing to be dispelled prior to
undertaking the interventions (Maloney et al., 2014). After 20 minutes VJ, MJ and CON

performed their individual interventions (Figure 1).
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Standardised preparation
soccer warmup

l

Baseline testing
2 maximal vertical jumps

20 min

N
/ l \\\ 20 min low intensity activity
¥ 4
Group VI Intervention Group MJ Intervention Group CON Intervention
2 maximal vertical jumps Set of 40 jumps*2) Continuous walking
\
N 7
AN J 2 min post intervention
L} E

Outcome testing 2 min
2 maximal vertical jumps

l 6 min post intervention

Outcome testing 6 min
2 maximal vertical jumps

Figure 1. Test protocol for the control and experimental trials.

Intervention

To account for the possible PAPE and fatiguing consequences of the intervention testing, a
control group participated in the warm-up, the pre-intervention testing and the post-
intervention testing while omitting the intervention. The CON group participants continued
to walk during the intervention period to maintain estimated elevated muscle temperature.
A 20 minute period between the baseline testing and the intervention was used for all the
groups to ensure that any PAPE effects incurred during the baseline testing was completely
dispelled prior to performing the interventions to avoid any feed-forward of the PAPE
effects, a consequence not previously discussed in previous studies (Rassier and Macintosh,
2000; Seitz and Haff, 2016). This should indicate that any changes post-intervention will be

directly attributed to the intervention.

The VI group participants performed two maximal vertical jumps at 95% or above of their
baseline maximum height and peak power output to account for specificity and intensity.
The MIJ group participants undertook two sets of ten ankle hops, three sets of five hurdle
hops at 70 cm, and five drop jumps from a height of 50 cm, a total of 40 jumps as defined
by Tobin et al. (2014). It is worth noting that the investigators used this intervention exactly
as described by Tobin et al. (Tobin and Delahunt, 2014). However the pre-intervention and
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post-intervention protocol differed allowing for this studies objectives to be investigated by
preventing a PAPE feed-forward effect from the pre-intervention testing. The timer was
started at the end of the last repetition on the last set. The total time for intervention period
was ~90 sec and was comparable between all participants. Following the interventions, the
participants completed two maximal vertical jumps at two and six minutes respectively post-
intervention (Gota$ et al., 2016). Participants completed the four post-intervention test
vertical jumps with the aim to achieve the best outcome. This was considered as the most
likely time range, while using a body weight conditioning activity, post warm-up but pre-
competition to produce a beneficial effect prior to performance (Turner et al., 2015; Tobin

and Delahunt, 2014).

Measurements

The vertical jump height and peak power output was recorded using a jump mat (Fusion
Sport, Jump Mat, v.1.5.2). Peak power output was determined using Sayers equation (Sayers
et al., 1999) peak anerobic power (Watts) = 60.7 - jump height (cm) +45.3 - body mass (kg)
— 2055 and expressed as peak power output. Participants started following a ready command
on their own time. They were instructed to jump with maximal effort as high as possible and
received verbal encouragement. The participants performed two maximal vertical jumps at
the pre-intervention and post-intervention tests with the goal of achieving the best outcome.
The vertical jump intervention was compared to the baseline to assess for intensity as one
of the highly influential factors in achieving PAPE. The VJ group participants who did not
achieve 95% or above of the baseline testing during the intervention testing were recorded
and compared to the within group participants who achieve 95% or above compared to the

pre-intervention testing.

Statistical analysis

Statistical analysis was performed using SPSS software (Version 26; SPSS, Inc, Chicago,
IL, USA). The assumption of normality was tested using the Shapiro-Wilk test. The data are
presented as a mean + standard deviation. A 3x3 mixed design ANOVA with a within-
between interaction was used to investigate the height and peak power output of the vertical
jumps. The between subject factor was group (VJ, MJ and CON) and the within subject
factor was time (pre-intervention, two minutes post-intervention and six minutes post-

intervention). Mauchly’s test was consulted and Greenhouse-Geisser correction was applied
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if sphericity was violated. Significant main events observed in the within subject factor for
each time point was compared to the baseline and were investigated further with a
Bonferroni pairwise comparison. Where significant p values were identified for the
interaction effect (time x group), posthoc testing used Cohen’s d for each pairwise
comparison. The magnitude of effect size was evaluated and considered trivial (< 0.2), small
(0.2 — 0.50), moderate (0.50 — 0.80), and large (> 0.80) as proposed by Cohen. Where
significant p values were identified for the between group factor, the effect was analysed by
simple main effects. Individual performances were recorded and monitored for significant
differences from before and after the conditioning activity as well as the percentage of
individuals who displayed change. A paired t test was used to compare the baseline and the

sprint intervention. The level of significance was set at p < 0.05.

Results

The mean + SD values for the between and within group vertical jump height results are
reported in table 1. The pre-intervention baseline testing showed good ICC test-retest
reliability of (0.92) and (0.94) for vertical jump height and peak power output, respectively.
The vertical jump height was influenced by a significant interaction between time x group,
(F4,132=5.98, p <0.001, partial n2 = 0.15) and time (F2, 132 =11.51, p <0.001, partial
N2 = 0.15). There was no significant difference between the groups at baseline (p = 0.947)
and the control group did not change across all time points. Relative to the baseline there
was a significant difference for VI (F2, 44 = 14.19, p < 0.001, partial n2 = 0.39), at two
minutes (53.54 cm £+ 4.48, p < 0.001) and for MJ (£2, 44 = 10.39, p < 0.001, partial n2 =
0.32) at two minutes (53.49 cm + 4.15, p = 0.001) for vertical jump height. The between
group effects showed no significant difference between the intervention groups and the
control group at any time point. However, VJ and MJ were 3.47% and 3.38% higher than

CON at two minutes respectively.

Table 1. Vertical jump height mean =+ SD values.

Pre-intervention Post-intervention Post-intervention
Groups baseline two minutes six minutes
Vertical Jump 51.64+£3.72 53.54 + 4.48*% 52.23 +£4.00
Vertical jump o
Multiple jump 51.98 £4.48 53.49 £ 4.15%% 52.02+3.84
height (cm)
Control 52.04+4.76 51.67+4.94 52.07 +5.50
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Vertical jump

p-value (ES) 1.00 (0.09) >0.05 (0.40) 1.00 (0.03)
compared to o o

ES assessment Trivial Small Trivial
control
Multiple jump

p-value (ES) 1.00 (0.01) >0.05 (0.39) 1.00 (0.01)
compared to

ES assessment Trivial Small Trivial

control

* Significantly different from pre-intervention baseline. T Significantly different from post-
intervention time point six minutes. ES = Effect size, p-value = significant level. No

significant between group differences observed.

The mean + SD values for the between and within group peak power results are reported in
table 2. The vertical jump peak power output influenced by a significant interaction between
time x group, (F4, 132 =6.02, p = 0.001, partial n2 = 0.16) and time (£2, 132 =11.52, p <
0.001, partial n2 = 0.14). There was no significant difference between the groups at baseline
(p = 0.798) and the control group did not change across all time points. Relative to the
baseline there was a significant difference for VJ (£2, 44 = 14.21, p < 0.001, partial n2 =
0.41), at two minutes (4366.21 W £ 603.76, p < 0.001) and for MJ (F2, 44 = 1041, p <
0.001, partial n2 = 0.33) at two minutes (4312.72 W + 539.62, p = 0.001) for vertical jump
peak power output. The between group effects showed no significant difference between the
intervention groups and the control group at any time point. However, VJ and MJ were 4%

and 2.80% greater than CON at two minutes respectively.

Table 2. Peak power output mean + SD values.

Pre-intervention Post-intervention Post-intervention

Groups baseline two minutes six minutes
Vertical Jump 4251.76 £ 558.59 4366.21 + 603.76*%F  4286.67 + 566.89

Peak power

W) Multiple jump 4221.13 £ 520.02 4312.72 £ 539.62*1  4223.67+491.36

output
Control 4214.22 +450.40 4191.67 £ 461.29 4216.01 +520.69
Vertical jump

p-value (ES) 1.00 (0.07) >0.05 (0.32) 1.00 (0.13)
compared to

ES assessment Trivial Small Trivial
control
Multiple jump

p-value (ES) 1.00 (0.01) >0.05 (0.24) 1.00 (0.02)
compared to

ES assessment Trivial Small Trivial

control
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* Significantly different from pre-intervention baseline. T Significantly different from post-
intervention time point six minutes. ES = Effect size, p-value = significant level. No

significant between group differences observed.

Discussion

This study provides support for our hypothesis that a maximal vertical jump intervention
may improve the outcome of a subsequent maximal vertical jump. When compared to a
previous reported multiple jump intervention the maximal vertical jump showed
enhancements within a similar range after two minutes post-intervention. Although not
significant, following a standardised soccer warm-up, a maximal vertical jump intervention
showed improvements compared to the CON. A small effect size of d = 0.40 and 0.32 was
found for height and peak power output at two minutes. This indicated that there was a small
difference in magnitude between the VJ and CON groups. A crossover design may have
alleviated this significance issue but was not possible within this population group. Group
CON showed no significant change during the testing while both VJ and MJ significantly
improved their within condition height and peak power output compared to their baselines.
This shows that a maximal vertical jump can improve the outcome of a subsequent maximal

vertical jump.

A vertical jump intervention can enhance a subsequent vertical jump within two minutes
however these enhancements are not maintained four minutes later. This is a consideration
when preparing athletes for competition or training as many other studies have highlighted
the effect of the enhancement/fatigue factor for the delay in this improvement especially
after using heavy resistance training as the conditioning activity (Hodgson et al., 2005;
Matthews et al., 2004; Wilson et al., 2013). This heightened fatigue effect from heavy
resistance training, which is less evident when ballistic or plyometric conditioning activities
are used (Turner et al., 2015), suggests that heavy resistance training induces more fatigue
and thus requires longer recovery until PAPE is reached. Heavy resistance training and
plyometric conditioning activities have shown similar PAPE outcomes but with marked
differences in time between the conditioning activity and maximal improvements (Sharma
et al., 2018). Along with the cumbersome nature of using heavy weights it also becomes a

challenge to determine when the associated fatigue has dispelled, and the athlete has
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achieved their individual enhanced state. Most studies that use body weight or plyometric
tasks compared to HRT show quicker recovery times post conditioning activity with neither
VJ nor MJ showed diminished performance post-intervention in this study. This has been
shown in previous studies where body weight activities (sprints, jumps and plyometric
activities) used as the intervention generally display quicker improvements with minimal
early fatiguing effects, while more weight added to the intervention, the longer the period
between diminished performance to the enhancement (Seitz and Haff, 2016; Turner et al.,

2015).

The significant improvements resulting from the within group pre-intervention to the post-
intervention outcomes suggests that a maximal vertical jump will result in an improvement
in a subsequent maximal vertical jump up to two minutes post intervention, in this case
vertical height and peak power output. It is also evident that there was no significant
difference between group VJ and MJ at any time. The soccer specific warm-up alone was
not sufficient to impact the results of the pre-intervention testing or the post-intervention
testing as CON showed no significant improvement after the intervention. This highlights
the importance of performing maximal intensity components, with a vertical bias within the
warm-up to fully enhance the athlete’s potential prior to participation (Blazevich and
Babault, 2019). As this was the standardised warm-up used by this team prior to training
and competition and no element fully achieved maximal intensity, it provided support for
the hypothesis that maximal intensity is an important contributor in achieving a state of
optimal enhancement. This has often been observed in previous studies investigating PAPE
where the warm-up prior to baseline is often submaximal (Smith et al., 2014; Tobin and
Delahunt, 2014; Sharma et al., 2018), and thus provokes a greater PAPE response due to a
maximal intensity intervention. Alternatively, if part of the warm-up includes an element of
maximal intensity then the PAPE effect is assumed to be less evident (Blazevich and
Babault, 2019). Future research should investigate the effect of a maximal intensity warm-

up compared to a submaximal intensity warm-up on the effects or PAPE.

The length of PAPE has been reported in different studies as lasting up to 20 minutes post-
intervention (Maloney et al., 2014). This investigation attempted to control the feed-forward

of the PAPE effects incurred from the pre-intervention baseline testing by allowing each
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group 20 minutes to dispel any fatigue and/or enhancements. This coupled with group CON
not participating in the intervention and displaying no significant change post-intervention
in vertical jump height or peak power output showed that the intervention was directly
attributed to the subsequent improvements observed in VJ and MJ. As the intensity of the
warm-up is proportional to the outcome of the subsequent task, the inclusion of PAPE tasks
which are similar in nature and intensity to the final task within the warm-up are fundamental
in optimising athletes prior to participation. What was highlighted in this and other studies
(Blazevich and Babault, 2019) is that a submaximal warm-up is not sufficient to prepare
athletes to produce maximal outputs. Evident in this study is that this submaximal warm-up
did not achieve the output figures during the pre-intervention baseline testing observed in
the post-intervention testing in the groups which undertook the maximal interventions. In a
similar study by Tobin et al. (2014), the vertical jump improvements carried through each
time point up until five minutes post-intervention, where as in this study the effect lasted up
until two minutes post-intervention as the outcome had returned to baseline by six minutes.
This is a conflicting outcome but on examination Tobin et al. (2014) retested post-
intervention at one, three, and five minutes; every two minutes. Each maximal test may have
influenced the subsequent test thus maintaining the PAPE effect. Our testing occurred at two
and six minutes with two minutes post-intervention sufficient to elicit a PAPE effect. The
data from this study suggests that the four minutes between the post-intervention at two
minutes and the post-intervention at six minutes was too long to maintain this PAPE effect.
Both groups returned to the baseline level in line with the control group by six minutes. It
was postulated that the nature of a body weight maximal vertical jump is sufficient to induce
an initial PAPE effect as indicated at the two minute time point and would likely still be
present had the post-intervention testing been conducted again at four minutes post-
intervention due to the testing impulse at two minutes (Tobin and Delahunt, 2014). But the
less weight added to the conditioning activity, the quicker but shorter the PAPE response
(Smith et al., 2014; Turner et al., 2015). Future studies should investigate the plausibility

that multiple post-intervention testing may influence the later post-intervention outcomes.

Conclusion

This study provides important recommendations for coaches looking to benefit from the

application of PAPE using simple yet effective tasks within a competition and training
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environment. The study proposes that two maximal intensity vertical jumps, induce a PAPE
response in a subsequent maximal vertical jump at two minutes post-intervention but not at
six minutes post-intervention. These enhancements are similar to those observed from a
previously defined body weight PAPE intervention of forty jumps and more than a control
condition and baseline trial. This effect is immediate with no evident reduction in
performance. This provides a practical solution for coaches looking to utilise the PAPE
effect within training and competition but also highlights the importance of undertaking a
maximal warm-up. In conclusion the implementation of a conditioning activity similar in
nature and intensity to the subsequent task may be effective in delivering an enhancement

to athletes.
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CHAPTER 4 — Study three: Brink N, Constantinou D, and Torres G (submitted in
2021) Postactivation potentiation in healthy adults using a bodyweight conditioning
activity: a systematic review and meta-analysis., Journal of Strength and Conditioning

Research. (under review)

At the time of this thesis submission, study three was under review at the Journal of Strength
and Conditioning Research, as a systematic review and meta-analysis. The original content
has not been altered. For the purposes of this thesis figures, tables, and captions as well as

referencing style have been adapted in line with the format of this thesis.
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1. Systematic review and meta-analysis

Title: Postactivation potentiation in healthy adults using a bodyweight conditioning activity:

a systematic review and meta-analysis.

Authors: Nicholas Brink, Demitri Constantinou, Georgia Torres

Abstract

Objective: To review the available evidence on whether a bodyweight conditioning activity

results in a postactivation potentiation effect.

Design: Systematic review and meta-analysis.

Data sources: PubMed (National Library of Medicine), Web of Science (Clarivate
Analytics), Google Scholar, SPORTDiscuss (EBSCO), Embase (Elsevier) and Thesis
Global.

Eligibility criteria for selecting studies: Participants were healthy, active adults who
performed either a vertical jump or a linear sprint outcome measurement. All studies were
randomised control trials where the effects of a bodyweight conditioning activity were
compared to a control condition. The control group followed the same course as the
experimental group excluding the intervention with the intervention and outcome
measurement carried out in the same session. The intervention was completed prior to the

initiation of the outcome measure testing.

Results: Nineteen studies fulfilled the eligibility criteria and were included. There was a
small overall effect of 0.30 (95% CI 0.14 to 0.46, p = 0.0003) in favour of using a
bodyweight conditioning activity to improve the outcome of a subsequent vertical jump or
linear sprint. Secondary analysis indicated that there was no difference between the vertical
jump and sprint sub-group, the < five minutes, or five minutes and greater between
intervention and outcome measurement sub-group or whether an intervention with the same

movements or different movements was used before the outcome task sub-group.

59



Conclusion: Using bodyweight conditioning activities prior to performing a maximal

vertical jump or sprint may provide a small benefit in performance outcome.

Systematic review registration number: PROSPERO CRD42020152006

Keywords: Postactivation potentiation; warm-up; plyometrics; jump; sprint.

Abstract word count: 248

Total manuscript word count: 3278
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Introduction

Interventions employing postactivation potentiation (PAP) is a physical training principle
which proposes that a muscle can be acutely optimised by its contractile history, which in
turn affects the outcome of a subsequent task. This potentiated task is commonly associated
with power-based activities which require high force production and a high rate of force
development like sprinting and jumping (Hodgson et al., 2005). Postactivation potentiation
has been tested in a multitude of sporting environments and different movement patterns
with varying degrees of success (Borba et al., 2017). Typically, the conditioning activity for
PAP was thought to require a heavy resistance, isotonic preload stimulus (75-90% 1RM) to
achieve this potentiated state (Hodgson et al., 2005). This required athletes to lift, push or
pull heavy weights over a varying range of sets and repetitions to develop a combined effect
of heightened muscle activity and consequential fatigue. Theoretically, the fatigue dispelled

first, leaving the muscle in a state of acute enhancement (Rassier and Macintosh, 2000).

There is a growing interest in the PAP effects elicited by ballistic conditioning activities
including plyometrics (Maloney et al., 2014). The Henneman size principle suggests that
motor units are activated from the smallest, type I, fatigue resistant fibres to the larger, most
powerful type IIx fibres. Selective recruitment is an exception to this principle (Nardone and
Schieppati, 1988; Nardone et al., 1989). By utilising high velocity, high power movements,
the smaller fibres can be surpassed, activating exclusively the larger type Ila and IIx fibers
extremely quickly. This form of recruitment may underpin the success seen in ballistic
conditioning activities and PAP. Seitz and Haff, (2016) demonstrated that plyometric
interventions had a greater effect on the outcome measurement compared to traditional high
intensity tasks, suggesting that plyometrics may play a superior role in acutely potentiating
muscle tissue, a concept reiterated by Creekmur et al. and Sharma et al. (2017; 2018).
However Seitz et al. (2016) also notes that studies investigating plyometrics are limited.
Further studies have since been published and as ballistic conditioning activities including
plyometrics have shown potential to induce a superior PAP response, additional

investigation is warranted.

There is a positive performance association between a sport and the specificity of the warm-
up processes (Russell et al., 2015). Similarly, a common theme exists relating to the
effectiveness of PAP - how closely the conditioning activity relates to the potentiated task

impacts the transfer of the training effect (Till and Cooke, 2009).Van den Tillaar et al. (2019)
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demonstrated that specificity is an important constituent in the development of a potentiated
outcome. A warm-up with activities similar to the potentiated task were used with significant
benefit compared to an alternate non-specific warm-up. Suchomel et al. (2016) propose that
the intensity and velocity of the conditioning activity needs to closely mimic the levels
achieved during competition or training as it is highly suggestive that this is an important
component in achieving a PAP effect. It is not uncommon for sprinters and jumpers to
engage in some form of sprinting or jumping prior to competitive involvement. Research
has provided an indication that using a conditioning activity very similar to the potentiated
task can enhance performances within specific populations (Smith et al., 2014). In a practical
example Karampatsos et al. (2017; 2013) observed that field event athletes achieved
significantly greater throw distances after three vertical jumps or a 20 m sprint at maximal
effort. Research also suggests that jump performance improves by using different variations

of jumping as the conditioning activity (Burkett et al., 2005; Hilfiker et al., 2007).

An initial search of PROSPERO, PubMed, JBI Evidence Synthesis, Google scholar, Web
of Knowledge and SPORTDiscus was undertaken in June 2020, revealing that no
comprehensive systematic review had been done on this subject. This systematic review
intended to investigate whether PAP can be achieved using a bodyweight conditioning
activity in a healthy adult population. It aimed to provide insight for coaches, rehabilitation
specialists, and medical practitioners into the effect of bodyweight conditioning activities to
potentiate subsequent tasks which could improve rehabilitation outcomes, training impulses

and competition performances.

Methods

Search strategy and study selection

The proposed systematic review was formatted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) statement checklist in table 4
(Moher et al., 2009). The title of the review was registered in PROSPERO, registration
number CRD42020152006. A full search strategy was developed for PubMed; National
Library of Medicine (table 1) using text words within the titles and abstracts of relevant
articles and the index terms used to describe the articles. The search strategy, including the
identified keywords and index terms, and was adapted for each information source. The
reference list for each study selected for critical appraisal was screened for additional

studies. An electronic literature search was conducted via PubMed (National Library of
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Medicine), Web of Science (Clarivate Analytics), Google Scholar, SPORTDiscuss
(EBSCO) and Embase (Elsevier). The search strategies incorporated natural language and
PubMed’s controlled vocabulary: Medical Subject Headings (MeSH). Unpublished studies
included Thesis Global, and contacting authors. Following on from the search strategy, all
found citations were compiled and uploaded into EndNote X9/2019 (Clarivate Analytics,
PA, USA) and the duplicates removed. Two independent reviewers screened the titles and
abstracts for assessment against the inclusion criteria for the review. Possible relevant
studies were recovered in full and their citation details captured. Two independent reviewers
assessed the full text of the selected studies in detail against the inclusion criteria. Full text
studies that did not meet the inclusion criteria were recorded and reasons reported in the
systematic review. At each stage of the review, disagreements were resolved through
discussion. The search results were reported in full in the final systematic review and

presented in a (PRISMA) flow diagram in figure 1(Moher et al., 2009).

Eligibility criteria

This systematic review examined studies that included a healthy, active adult population
where their level of participation, type of activity and training experience had been reported.
This review assessed original research focusing on any bodyweight conditioning activity
which attempted to elicit PAP or to achieve a potentiated effect during a subsequent task.
Types of conditioning activities included, but were not limited to, variations of the vertical
jump, variations of the horizontal jump and linear sprints over different distances. The
intervention needed to be completed prior to the initiation of the outcome measurement. The
volume and intensity of the intervention as well as the duration between the intervention and
the outcome measurement was captured when the studies were assessed. The reviewers
evaluated studies that included a control condition which was treated identically to the
experimental group excluding the intervention. Both the control group and experimental
groups used a reliable measurable performance outcome. This review assessed studies with
the primary outcome measures being a measurable change in the score between the control
group and the experimental group. Only a single outcome measurement was included per
study. When multiple outcomes were measured during the same session, only to first
measurement was recorded. Where available, secondary outcome measures like type,
volume and intensity of the potentiated task were captured. This systematic review
considered randomised controlled trials (RCT), crossover and parallel studies which were

published and unpublished. These investigated the PAP effects of a bodyweight
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conditioning activity on a subsequent task. Only studies published over the last 20 years
were included in this systematic review due to the recent modern scientific developments
within this topic and the lack of availability of studies prior to this (Dobbs et al., 2019).
Studies which did not provide enough information to extract an effect size and were not

published in English were excluded.

Assessment of methodological quality and risk of bias

Two independent reviewers critically appraised the eligible studies for methodological
quality in the review using standardised critical appraisal instruments according to the
Cochrane risk of bias tool (Higgins et al., 2019). Disagreements were resolved through
discussion. A value of low, high, or unknown risk of bias was provided for five domains of

bias: selection bias, performance bias, detection bias, attrition bias, and reporting bias.

Data extraction

Data was extracted from studies included in the review by two independent reviewers.
Specific details extracted included population groups, interventions, outcomes
measurements, and study methods significant to the review objective with any
disagreements resolved through discussion. Authors were contacted to request missing or

additional data for clarification.

Data synthesis

The findings from the studies included were assessed, and a meta-analysis was carried out
using Review Manager (RevMan) V.5.3 (Copenhagen, Denmark: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014). Effect sizes were expressed as a standardised
mean difference, their 95% confidence intervals were calculated and presented as a forest
plot. The standard chi squared and I? tests were used to test heterogeneity. Statistical
analyses was performed using a fixed effects model as the heterogeneity between studies
was low (Tufanaru et al., 2015). Sub-group analyses was conducted to compare the impact
of different aspects of the systematic review. Publication bias was presented for visual

analysis through funnel plots.

Results
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Identification of studies

Following the initial database search, 1168 individual links were retrieved. After duplicates
were removed, titles and abstracts screened, and full texts assessed for eligibility, nineteen

studies were identified for qualitative and quantitative analysis.

Characteristics of the included studies

The nineteen studies identified for analysis have been summarised in table 2. All studies
used a randomised controlled crossover (n = 17) or parallel (n = 2) design. The studies
included 303 (male: n = 278; female: n = 25), physically active (recreational: n = 5;
competitive: n = 14) individuals (21.3 + 2.6 years) from Europe (n=14), South America (n
= 2), Africa (n = 2), and North America (n = 1). All the studies included a controlled
condition that was the same as the experimental condition excluding the intervention. In
each study the intervention was a bodyweight conditioning activity and was concluded prior
to the initiation of the outcome measurement. All the outcome measurements were either a

vertical jump or a linear sprint (table 3).

Methodological quality and risk of bias

The authors’ judgement of risk of bias has been summarised in figure 2 and reported for
each study in figure 3. Selection, reporting, and attrition bias was low across all the studies
with performance and detection bias being very high. The risk of publication bias was not

detected on visual examination of the funnel plot (figure 4).

Meta-analysis

From the nineteen studies, 606 individual events were analysed using standardised mean
difference. The pooled results showed a small effect of 0.30 (95% CI 0.14 to 0.46, p =
0.0003) in favour of using a bodyweight conditioning activity compared to the control
condition. The heterogeneity was small between the studies (1>=1%) (figure 3). Sub-group
analysis indicated that there were no significant differences when comparing a vertical jump
0.30 (95% CI 0.05 to 0.53) or linear sprint 0.29 (95% CI 0.07 to 0.51) outcome task (p =

1.00), the time between the intervention and the outcome measurement being less than five
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minutes 0.33 (95% CI 0.10 to 0.57) or five minutes and greater 0.25 (95% CI 0.03 to 0.47)
(p = 0.60), and using a similar intervention 0.35 (95% CI 0.14 to 0.56) or different
intervention 0.19 (95% CI -0.11 to 0.49) to the outcome task (p = 0.40).

Discussion

This systematic review and meta-analysis included 303 participants and 606 individual
events which compared the effect of a bodyweight conditioning activity against a control
condition on the outcome of a vertical jump or linear sprint. The pooled results suggested a
significant, though small magnitude of change occurred in favour of the experimental group
indicating that a bodyweight conditioning activity may improve the outcome in both these

subsequent tasks.

When analysing the results of a systematic review it is important to compare the outcomes
to similar studies. Seitz and Haff, (2016) reported in a systematic review and meta-analysis
that investigated the outcome of jumps and sprints an effect size of 0.31 and 0.50,
respectively while Wilson et al. (2013) reported a similar pooled effect size of 0.38 for the
outcome of ‘power tasks’ which likely included vertical jumps but was not clearly defined.
Dobbs et al. (2019) found a trivial effect of 0.08 on the outcome of vertical jumps following
a variety of conditioning activities however, they pooled multiple intra-study results
questioning this study’s methodology. Only Seitz and Haff, (2016) looked at a plyometric
conditioning activity in a sub-group analysis indicating an effect size of 0.47 and although
this was equivalent to a high and moderate intensity conditioning activity, the authors report
limited studies available investigating plyometrics as a conditioning activity. None of these
systematic reviews included characteristics or training protocols of the included studies
creating challenges analysing the different effects. Nevertheless, it seems likely that the
effect of power-based conditioning activities does have a small to moderate effect on a
power-based outcome measurement. This is reiterated in this current study where a small
but significant effect was found when using a power-based conditioning activity to

potentiate a power-based outcome measurement.
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Researchers looked at previous systematic reviews and meta-analyses at the outcome of
power related tasks namely, jumps, sprints, change of direction, and ballistic conditioning
activities including plyometrics outcomes while investigating a variety of different
interventions with a strong focus on resistance tasks (Seitz and Haff, 2016; Dobbs et al.,
2019; Wilson et al., 2013). All of these studies used a test-retest design and neglected to
include any form of within study bias assessment other than publication bias (Seitz and Haff,
2016). Our study differed in its methodological approach by using very strict inclusion
criteria. Each study needed to have a controlled condition which undertook the same
processes as the experimental group excluding the intervention. This was vital in mitigating
any risk of the baseline testing interfering with the intervention and the outcome
measurement. Only recently have studies questioned the methodology of what effect and to
what extent the previous testing may have on the interventions or the subsequent outcomes
(Blazevich and Babault, 2019; Prieske et al.; Cuenca-Fernandez et al., 2017). In numerous
studies authors have interspaced the intervention in between the outcome measurements
(Bergmann et al., 2013; Bogdanis et al., 2017; Kummel et al., 2016). Although this may be
a specific study objective, it also potentially skews the results as the later outcome
measurements are also affected by previous outcome testing prior to the intervention, which
could be highlighted as fatigue or enhancement. Therefore, each intervention was required
to be performed and concluded prior to the initiation of the outcome measurement. This was
to ensure that the effect was due to the intervention and could not be attributed to earlier
outcome testing influencing the later outcome testing. Many of the studies investigated the
effects of multiple different tasks as the outcome measurement (Abade et al., 2017; De Sousa
Fortes et al., 2018; Fashioni et al., 2019; Howe et al., 2017) and while multiple attempts at
the same task were included, these authors felt that specificity was an integral aspect in
measurement of a PAP response. Where multiple different outcomes were measured, only
the first measurement was considered due to the potential positive or negative feed-forward
effect that one outcome measurement may have on the following measurement. Studies were
excluded where the order of the outcome testing could not be determined. Where the
outcome was measured over multiple time points only the first time point after the
intervention was included (Turner et al., 2015). This was to avoid any feed-forward effects

from the initial outcome testing to the latter outcome testing.
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The effect of a bodyweight conditioning activity on either a vertical bias (global frame)
outcome measurement (ES = 0.30) or on a horizontal bias (global frame) outcome
measurement (ES = 0.29) was almost identical. This does suggest that the outcome of a
maximal power-based task regardless of type of action can be improved using a bodyweight
conditioning activity. Although this effect is small, it is significant in both cases which has
been reiterated in other studies (Sharma et al., 2018; Abade et al., 2017; De Sousa Fortes et
al., 2018; Lima et al., 2011) which have all reported trivial to moderate effect sizes when
comparing different power-based outcome tasks following a bodyweight conditioning
activity. This would suggest athletes undertaking a bodyweight conditioning activity with
either a vertical or horizontal bias would provide similar benefits in the enhancement of a
subsequent power-based task. The effect of time between the bodyweight conditioning
activity and the outcome measure was similar with less than five minutes (ES = 0.33)
showing a slightly greater magnitude of change compared to more than five minutes (ES =
0.25) though in both cases the effect size was significant. This contrasts with other studies
where the researchers have indicated that ballistic conditioning activities including
plyometric activities tended to show quicker enhancements after the intervention compared
to other weighted conditioning activities (Seitz and Haff, 2016; Tobin and Delahunt, 2014).
This information is slightly misleading as although most of the studies included in this meta-
analysis investigated an individual time-point, three studies tested multiple time-points post
intervention. As a specific study objective, only the initial outcome testing data were
included to prevent any feed-forward through previous outcome testing. This may skew the
outcome marginally but at least between five minutes and 10 minutes post intervention a
small significant effect was still evident. Our study highlighted that specificity is an
influential element in a PAP outcome. Studies which compared a vertical movement or
horizontal movement to a similar outcome measurement had an ES = 0.35 while using an
intervention different to the outcome measurement had an ES = 0.19 and although not
significantly different from each other the similar sub-group had a significant benefit
compared to the control group while the different sub-group did not. This has been reiterated
in previous studies investigating the effects of PAP, athlete preparation and warm-up

optimisation (van den Tillaar et al., 2019; Burkett et al., 2005; Russell et al., 2015).

Study biases and limitations
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A moderate selection bias was present as all studies reported randomisation of subjects and
random allocation of group order but limited details of how this was implemented. In these
studies, performance and detection bias was high and blinding the participants and the
assessors would have reduced these biases however, this can be challenging in a crossover
study. Three studies reported blinding of the participants and the assessor, and two studies
reported blinding during the outcome measurements (Hilfiker et al., 2007; Brink et al., 2020;
Brink et al., 2021). The outcome may not transfer directly to elite athletes, as the physically
active adult population was not selected based on strength or activity experience, both of
which have been reported to impact the outcome of a PAP response (Seitz and Haff, 2016;
Wilson et al., 2013).

This study did not differentiate between the type of movement, including multiple variations
of the vertical jump and linear horizontal movements, and volume of the bodyweight
conditioning activities that were administered. If the intervention had a vertical or horizontal
bias without change in direction, the study was included if it met the other inclusion criteria.
This was to maintain the focus on whether a bodyweight conditioning activity could induce
a PAP regardless of the type of activity used. Another limitation was that only the initial
time-point post intervention was included. As certain studies included multiple time-points
and in some cases the significant effect was reported after the initial outcome measurement,
the authors felt strongly that feed-forward may have either a positive or negative effect on
the later outcome measurement. Where studies continued to employ the intervention while
testing the outcome, the authors only included the initial outcome measurement. This was
also an attempt to control the feed-forward fatigue or enhancement effect potentially created
by the outcome testing and repeated intervention administration. Only nineteen eligible

studies were identified for inclusion in the meta-analysis.

Practical applications

There is substantial evidence that using a bodyweight ballistic or power-based conditioning
activity has a small but significant benefit on the outcome of a power-based task. As these
bodyweight tasks do not require any equipment or complex instruction and the enhancement
effects have been reported as quickly as one minute post intervention, there seems little

reason why athletes, coaches and rehabilitation specialist would not include both a maximal
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vertical jump or maximal linear sprints in athlete preparation for training or competition. As
a recommendation, the final preparation phase should include three maximal vertical jumps

and three maximal linear sprints of at least 20 m up to five minutes before participation.

Conclusion

This systematic review and meta-analysis demonstrated that a PAP response can be induced
by a bodyweight conditioning activity prior to undertaking a subsequent task. There was no
significant difference between doing a vertical jump or a linear sprint as an outcome measure
or doing the outcome measurement less than five minutes or more than five minutes after
the intervention. There was no difference whether the outcome was the same or different to
the conditioning activity although it was moderately more beneficial to use a vertical bias
conditioning activity to potentiate a vertical power-based activity and similarly for
horizontal condition activities and linear sprints. Due to the simplistic nature of using a
bodyweight intervention, coaches and athletes are encouraged to employ these before

undertaking maximal vertical jumps or linear sprints.
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Appendix

Table 1: Search strategy: Search of Medline PubMed

Search | Query Records
retrieved

#1 "postactivation"[ Text Word] OR "post-activation"[Text Word] 984

#2 "warmup"[Text Word] OR "warm-up"[Title/Abstract] OR "warm- 2853

up"[Text Word]

#3 "jump*"[Text Word] OR "sprint*"[Text Word] 33654

#4 "plyo*"[Text Word] 873

#5 Search: #2 OR#3 OR #4 36209

#6 Search: # 1 AND # 5 215

#7 Search: # 6 Filters: English 214

#8 Search: # 7 Filters: Humans 141
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Figure 1: Flow chart of study selection for the analysis on whether a bodyweight

conditioning activity can acutely improve the outcome of a subsequent task through

postactivation potentiation.
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Figure 4: Funnel plot for assessing publication bias in studies measuring a bodyweight

conditioning activity against a control.
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Figure 3: Primary analysis of studies measuring a bodyweight conditioning activity against a control.
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Table 2: Characteristics of the included studies

Study Location Sex Age Study designs Level of competition Sport Warm up
Abade et al.(2017) Portugal M22 18+1 RCT crossover Competitive Soccer Maximal
Brink et al.(2021) South Africa M23 24+5 RCT parallel Competitive Soccer Submaximal
Brink et al.(2020) South Africa M23 24+5 RCT parallel Competitive Soccer Submaximal
Byrne et al.(2014) Ireland M29 20+ 4 RCT crossover Competitive Variety Submaximal
De Sousa et al.(2018) Brazil M19 24 + 1 RCT crossover Competitive Basketball Submaximal
de Villarreal et al.(2007) Spain M12 23+3 RCT crossover Competitive Volleyball Submaximal
Esformes et al.(2010) Wales M13 22+3 RCT crossover Competitive Variety Submaximal
Fashioni et al.(2019) UK M10 23 +4 RCT crossover Recreational Soccer Submaximal
Gil et al.(2020) Portugal M22 19+2 RCT crossover Recreational PA Submaximal
Gil et al.(2019) Portugal Mill1 25+ 6 RCT crossover Recreational PA Submaximal
Hilfiker et al.(2007) Switzerland M13 22+4 RCT crossover Competitive Snow sport Submaximal
Howe et al.(2017) UK MI13 F3 19+2 RCT crossover Recreational PA Submaximal
Lima et al.(2011) Brazil MI10 21+3 RCT crossover Competitive Sprinting Submaximal
Margaritopoulos et al.(2015) Greece M5 F5 19+1 RCT crossover Competitive Karate Submaximal
Sims et al.(2016) UK M13 19+1 RCT crossover Recreational PA Submaximal
Stieg et al.(2011) USA F17 19+1 RCT crossover Competitive Soccer Submaximal
Till et al.(2009) UK MI12 18+1 RCT crossover Competitive Soccer Submaximal
Turner et al.(2015) UK M23 21 +1 RCT crossover Recreational PA Maximal
Watterdal et al.(2013) Sweden M5 24+2 RCT crossover Competitive MD running Submaximal

RCT, randomised controlled trial; M, male; F, female; PA, physically active; MD, middle distance




Table 3: The intervention and outcome protocols of the included studies

Study Intervention Outcome Time between intervention and
measurement outcome measurement
Abade et al.(2017) Maximal Vertical and horizontal movement - 4 sets of 5 | Vertical jump height - 2 maximal attempts 6 min
jumps over 40 cm barriers followed by agility ladder 10
steps
Brink et al.(2021) Maximal vertical jumps - 2 maximal VI (2 min) Vertical jump height — 2 maximal attempts 2 min
Brink et al.(2020) Maximal sprint - 2 maximal 20 m sprint (2 min) Linear sprint — 2 maximal attempts (20 m) 2 min
Byrne et al.(2014) Maximal vertical movement - 3 maximal depth jumps Linear sprint — 1 maximal attempt (20 m) 1 min
De Sousa et al.(2018) Maximal vertical jump - 6 sets of 6 VJ 10s between reps | Vertical jump height - 1 maximal attempt 5 min
2 min between sets
de Villarreal et al.(2007) Maximal vertical jump - 3 x 5 drop jumps Vertical jump height - 1 maximal attempt 5 min
Esformes et al.(2010) Maximal horizontal & vertical jumps - performed 6 Vertical jump power output (W) — 3 5 min
alternate bounds, 6 right speed hops, 6 left speed hops, 6 | maximal attempts
vertical bounds
Fashioni et al.(2019) Maximal sprints & vertical jumps - 2 straight sprinting, 2 | Linear sprint — I maximal attempt (20 m) 5 min
tuck jumps into sprints, 2 reaction sprints
Gil et al.(2020) Maximal vertical jumps - 2x5 depth jumps (70 cm) Linear sprint — 1 maximal attempt (30 m) 10 min
Gil et al.(2019) Maximal vertical jumps - 2x5 depth jumps (70 cm) Linear sprint — 1 maximal attempt (50 m) 5 min
Hilfiker et al.(2007) Modified vertical jumps - 5 modified drop jumps (60cm) | Vertical jump height — 3 maximal attempts 1 min
Howe et al.(2017) Maximal vertical & horizontal jumps - Hurdle hops x6, Linear sprint — 3 maximal attempts (10 m) 4 min
Lateral hurdle hops x10, VJ x 5, depth jump x10 (20
cm), Broad jump x 5
Lima et al.(2011) Maximal vertical jumps - 2x5 depth jumps (75 cm) Vertical jump height — 1 maximal attempt 5 min
Margaritopoulos et al.(2015) Maximal vertical jumps - 3x5 tuck jumps (30 sec) Vertical jump height — 1 maximal attempt 5 min
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Sims et al.(2016) Maximal vertical jumps- 3x20 pogo jumps Linear sprint — 3 maximal attempts (10 m: 8 min
30-40 m)

Stieg et al.(2011) Maximal vertical jumps - 6 depth jumps Vertical jump height — 3 maximal attempts 10 min

Till et al.(2009) Maximal vertical jumps - 5 Tuck jumps Linear sprint — 3 maximal attempts (20 m) 4 min

Turner et al.(2015) Maximal horizontal jumps - 3 x 10 alt leg bounds Linear sprint velocity — 1 maximal attempt 2 min
(20 m)

Watterdal et al.(2013) Maximal horizontal sprint - 1 x 50 m sprint Linear sprint - 1 maximal attempt (60 m) 10 min

VI, vertical jump.

Table 4: PRISMA Checklist
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Reported

Section/topic Checklist item on page
#

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or both. \

ABSTRACT

Structured 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study

summary eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; N
limitations; conclusions and implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known. \

Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, V
interventions, comparisons, outcomes, and study design (PICOS).

METHODS

Protocol and 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if V

registration available, provide registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years V
considered, language, publication status) used as criteria for eligibility, giving rationale.

Information 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to V

sources identify additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it V
could be repeated.




Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, V

if applicable, included in the meta-analysis).

Data collection 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and \
process any processes for obtaining and confirming data from investigators.
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any \

assumptions and simplifications made.

Risk of bias in 12 | Describe methods used for assessing risk of bias of individual studies (including specification of V
individual studies whether this was done at the study or outcome level), and how this information is to be used in any

data synthesis.

Summary 13 | State the principal summary measures (e.g., risk ratio, difference in means). V
measures

Synthesis of 14 | Describe the methods of handling data and combining results of studies, if done, including measures V
results of consistency (e.g., I?) for each meta-analysis.

Reported
Section/topic # Checklist item

on page #
Risk of bias 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, \
across studies selective reporting within studies).
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Additional 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if
analyses done, indicating which were pre-specified.

RESULTS

Study 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for
selection exclusions at each stage, ideally with a flow diagram.

Study 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up
characteristics period) and provide the citations.

Risk of bias 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).
within studies

Results of 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for
individual each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

studies

Synthesis of 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency.
results

Risk of bias 22 | Present results of any assessment of risk of bias across studies (see Item 15).

across studies

Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see
analysis Item 16]).

DISCUSSION
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Summary of

24

Summarize the main findings including the strength of evidence for each main outcome; consider their

evidence relevance to key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete
retrieval of identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for
future research.

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of

funders for the systematic review.
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Introduction

This thesis intended to provide a practical solution for coaches, athletes, and rehabilitation
specialists on how to use PAP in a ‘real world’ training and competition environment. The
potential benefits associated with PAP in an isolated clinical environment have been well
documented both with heavy resistance training and ballistic exercises (Maloney et al.,
2014; Seitz and Haff, 2016). However, difficulties around the practical implementation of
PAP in training and competition has stifled its inclusion in standard warm-up practices
(Maloney et al., 2014). Issues revolve around the use of heavy equipment, space constraints,
complex exercises, highly individualised responses, and excessively long warm-up
strategies (Wilson et al., 2013; Van den Tillaar et al., 2019). If PAP does induce benefit in
a subsequent power-based task, how can we ensure that athletes and coaches would
implement these tasks as part of their warm-up practices? The benefits need to be explicit;
the exercises need to be simple and reduce the risk of detracting from the preparation and

the performance.

In first chapter, the author discussed the current research regarding the use of PAP as an
application to enhance athletic performance. The focus was to review the available literature
to determine whether PAP was a viable method to produce improvements in an athlete’s
performance (Hodgson et al., 2005). The traditional application of PAP using heavy
resistance training presented potential limitations for implementation in a training and
competition environment (Kilduff et al., 2013). There were also concerns regarding the large
disparity between the individuals who produced improved performances and those who
show no improvement or detrimental outcomes (Wilson et al., 2013). The main limitation
regarding this method revolved around the large fatigue effect post conditioning activity and
the conflicting recommendations regarding the ideal time between the conditioning activity
and the subsequent power-based task (Maloney et al., 2014). Another constraint was the
need for heavy training equipment, space, and reasonable training technique to achieve the
desired effects (Turner et al., 2015; Sharma et al., 2018). A more practical and reliable means
of inducing a PAP response was needed to reduce the risk of a potential reduction in
performance while making it a viable adjunct to an athlete’s warm-up. Ballistic exercises
were reviewed as an alternative to heavy resistance training. There was evidence that
ballistic exercises had the potential to induce a PAP response (Suchomel et al., 2016; Tobin

and Delahunt, 2014; Turner et al., 2015). These exercises were often long, drawn-out
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activities, requiring external resistance or technically complex routines (Creekmur et al.,
2017; Tobin and Delahunt, 2014). The objective was to explore whether there was sufficient
evidence to advocate the use of ballistic exercises which used no external resistance, were
quick to implement and simple enough to avoid detracting from other components of the
warm-up process while producing a substantial improvement in performance or training

impulse.

Also highlighted in the literature review was the questionable quality of the evidence (Tobin
and Delahunt, 2014; Turner et al., 2015). In many cases the methodology was flawed, poorly
organised and confusing (Sharma et al., 2018). There was a need to produce results which
followed strict academic rigour. Despite much of the evidence being in favour of using
ballistic exercises to induce PAP, the research often neglected the effect of the baseline
testing and how this would impact on the intervention and the outcome measurements
(Sharma et al., 2018; Tobin and Delahunt, 2014; Piper, 2019). As discussed, PAP has been
reported to last anywhere from immediately to up to 20 minutes post intervention (Wilson
et al., 2013). As the baseline testing often consisted of a power-based task, a jump or sprint,
it is conceivable that this could affect future outcomes both positively and negatively. As an
important consideration both study one and study two implemented the intervention 20
minutes post baseline testing. This allowed any benefits or deficits incurred by the
participant during the baseline test to dispel prior to the groups participating in the
intervention. As PAP is a feed-forward effect, it is vital that any outcome measurement
tested is exclusively attributed to the intervention and not influenced by prior testing effects.
Both study one and study two produced improvements following the intervention and in
both cases the control condition remained the same as the baseline. This indicates that two
maximal vertical jumps may improve the outcome of a subsequent vertical jump and two 20
m maximal sprints can improve the outcome of a subsequent sprint two minutes after each

intervention.

Another concern in many previous studies was the testing of multiple outcomes
measurements (Sharma et al., 2018; Piper, 2019). In many cases a vertical bias (jump) and
a horizontal bias (sprint) test would be undertaken together at the baseline testing and as an
outcome measurement. As PAP acutely effects the subsequent task, either positively or
negatively, the initial exercise would certainly have an effect of the subsequent exercise. It

was initially thought to conduct both studies together, but careful consideration rejected this
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notion as the result would inevitably be flawed. As such study one and study two were
conducted on the same day but a week apart. The result indicated that two maximal vertical
jumps can improve the height and power output of a subsequent vertical jump relative to its
baseline and compared to a control group. Similarly, two maximal sprints can improve the

velocity of a subsequent sprint relative to its baseline and compared to a control condition.

During the protocol development the implication of multiple outcome measurement testing
was not considered. This was a common application in previous research to indicate how
long post intervention the effect of PAP lasts (Turner et al., 2015; Tobin and Delahunt, 2014;
Piper, 2019). This approach was pertinent in investigating how long the effect of the
intervention would last. Since both studies were conducted prior to the data analysis it was
only on assessment of the data that this flaw was discovered. As the initial outcome
measurement was two minutes post intervention it was reasonable to assume that in both
studies, the PAP effect was present for at least two minutes post intervention. In study two,
the vertical jump indicated an improvement in the intervention group at two minutes but not
in the control group. By six minutes post intervention all the groups had returned to their
baseline values. In study one, the sprint intervention group improved two minutes post
intervention while the control condition remained at the baseline level. After the two minute
outcome measurement, the sprint intervention group remained elevated, but the control
group improved their velocity by the six minute outcome measurement. This indicated that
outcome measurement testing influenced the outcome in the control group. As this outcome
measurement was the same as the intervention, it is conceivable to conclude that two
maximal sprints can influence the outcome of a subsequent sprint and this benefit is present
for at least four minutes post intervention. What cannot be concluded is that any change in
the effect post initial outcome measure in the intervention group can be directly attributed
to undertaking the intervention. This questions the reliability of many previous studies which
have concluded that PAP effects were present for a specified time where in fact the result

may have been distorted by consistent outcome testing.

PAP using a vertically bias conditioning activity.

Vertical power is an important component in many athletes’ physical characteristics. Even
in sprinting, vertical displacement plays an important role in speed generation. It has been
well documented that vertically bias strengthening exercises have a proportional benefit to

an athlete’s linear speed (Cronin and Hansen, 2005; Cormie et al., 2010). Vertical jump
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outcome has been reported as an indirect measure of speed potential (Conlon et al., 2013;
Cronin and Hansen, 2005). There is significant evidence that chronic development of
vertical bias strengthening and ballistic exercises create a positive training impulse for the
development of linear speed (Cormie et al., 2011). It is therefore reasonable to assume that
being able to jump higher would be a benefit in many sports which require vertical

displacement to achieve a desired outcome.

As it was assumed that an acute improvement in vertical displacement would immediately
benefit athletes in competition and chronically enhance their training impulse, it was decided
to investigate the potential to induce this benefit with a ‘real world’ environment
consideration. This may be prior to a race on a track, on a pitch prior to the commencement
of a team sport game, at half time or at the training ground. The requirement was that the
intervention needed to be technically simple, required no external resistance, and was quick

to administer.

Ballistic exercises have shown benefits in inducing a PAP response (Maloney et al., 2014)
while variations of the vertical jump have shown an improvement in subsequent jump
performance (Hilfiker et al., 2007; Burkett et al., 2005). The aim was to induce a PAP
response in a vertical jump by using a vertical jump as the conditioning activity. Intensity
and specificity have been reported as an integral component in producing a PAP response
(van den Tillaar et al., 2019; Suchomel et al., 2016). Assuming the conditioning activity was
done at maximal intensity, this would allow for a technically simple exercise to be used
quickly and allowed for an enhancement at the next power-based task. Notably, using a
bodyweight ballistic exercise with a vertical bias does produce an enhanced PAP response,
but this response was short. Other authors have reported the enhancement lasting up to five
minutes post intervention but this was likely only due to repeated vertical jump testing which
maintained the heightened response (Tobin and Delahunt, 2014). Study two of this thesis
showed that the benefits of conducting two maximal vertical jumps to improve a subsequent
vertical jump lasts approximately two minutes. This was evident as all the groups had
returned to a baseline level by six minutes post intervention and there was no change

recorded in the control group at any time point.

An important implication for athletes not incorporating PAP inducing tasks into their warm-

ups was that the literature often reported that the benefits were highly individualised
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especially when using heavy resistance training and/or an external resistance (Wilson et al.,
2013; Turner et al., 2015). This caused variable outcomes regarding the expected benefits
as well as the time until PAP was achieved. This approach in study two found that the benefit
occurred quickly; within two minutes, and these benefits occurred in over 80% of the
participants at their initial outcome measurement. This is important, as coaches and athletes
are more likely to adopt an intervention where a beneficial outcome will occur. Athletes
have reported in multiple studies that they preferred a shorter but higher intensity warm-up
(van den Tillaar et al., 2019; Watterdal, 2013). The aim should be to structure the warm-up
in a way to maximise the benefit while allowing the athlete to focus their intentions on the
fundamental aspects of the warm-up prior to training or competition. The results from study
two indicated that two maximal vertical jumps could potentiate a subsequent maximal
vertical jump within two minutes post intervention. This intervention was easy to
implement, required no equipment and was technically simple to do. Most of the participants

(80%) improved with minimal modification to the athlete’s preparation.

Study three of the thesis was a systematic review and meta-analysis. The systematic review
was included as the third study, following the two RCT’s. The data from the RCT’s were
included in the systematic review along with other studies which met the criteria for
inclusion. The systematic review found a small yet significant effect size for using a
bodyweight conditioning activity to potentiate a vertical jump, when compared to the control
condition. A sub-group analysis indicated a greater effect size when using a vertically bias
conditioning activity to potentiate a subsequent vertical jump and this was substantially
superior to using a horizontally bias conditioning activity to potentiate a vertical jump. If an
athlete only intended to enhance a vertical jump, then employing maximal vertical jumps
would suffice. However, as most sports require both vertical and horizontal displacement,
using a combination of vertical and horizontal bias activities would be more appropriate. In
many cases coaches may implement a training task which aims to develop an athlete’s
vertical displacement. As part of the preparation for this session, vertical jumps could be
used to potentiate athletes prior to undertaking this task, thus maximising the benefits of this
training impulse. The outcome of this systematic review suggests that maximal bodyweight
vertical jumps employed prior to training or competition is a viable method to induce a PAP
response in athletes employing a vertically bias activity. This enhancement was reported to
be present for up to two minutes post intervention and although the benefit was small, it was

significant. This provides athletes and coaches an efficient and effective approach to
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improve an athlete’s potential quickly and could be easily implemented in competition or

training in a ‘real world’ environment.

PAP using a horizontally bias conditioning activity.

Speed is one of the most valuable attributes athletes possess. In certain sports, speed is the
sole determinate for success and in many others it is considered pivotal in performance
outcomes (Colyer et al., 2018). This is determined by two factors. How fast the body
accelerated and the maximal speed achieved. Ultimately, if athletes want to run faster, they
need to improve their speed and conversely if athletes want to improve their speed they need
to learn to run faster (Haugen, 2017). As a chronic impulse, the speed training effect can be
enhanced using multiple external stimuli to improve speed, including downhill running,
resistance bands, towing and treadmills (Leyva et al., 2017; Haugen et al., 2019). An
intrinsic method for improving an athlete’s ability to run faster could also augment this
process to develop speed. As PAP has demonstrated improvements in the outcome of sprints
following a maximal conditioning activity, it is plausible to apply this principle to develop
a chronic improvement in speed during training. It would also stand to reason that athletes
may utilise this technique to enhance the capacity for running faster in a competition

environment.

For athletes to consider the implementation of different techniques into their warm-ups, they
need to be certain that this will not detract from the current warm-up practice. In many cases
a warm-up is set over a defined time and extra time detracts from other important tasks
undertaken during this process (Van den Tillaar et al., 2019; Watterdal, 2013). It is also
critical to use activities which are simple and don’t require high levels of technical
proficiency as the more complicated or challenging the less likely athletes will incorporate
those into their current preparations. While using external resistance in the form of heavy
resistance training and external loads has been shown to produce a PAP effect, it is unlikely
most coaches and athletes will include something which requires more space, time and
equipment to implement. Some reports have indicated that athletes prefer simpler and
shorter warm-ups (Watterdal, 2013; Silva et al., 2018). The basis for this study was to
explore the potential that sprinting could be improved by sprinting. Much of the literature
has investigated sprinting velocity using heavy resistance training, pushing or pulling

actions and vertical ballistic activities (Smith et al., 2014; Sharma et al., 2018; Creekmur et
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al., 2017). There was significantly less evidence that using a horizontal bias conditioning
activity can potentiate a subsequent sprint, (Turner et al., 2015). As described in the
literature review a ballistic activity is any maximal task with the intent to move an object or
body quickly (Maloney et al., 2014; Turner, 2009). Although many sources define this as a
form of jump or plyometric this could include actions of bounding or sprinting with or
without an external resistance. As the goal was to develop a simple method to achieve a full
or partial PAP effect and using a task which included the principles of intensity and
specificity, it was determined to investigate whether a maximal sprint could potentiate a

subsequent sprint performance.

The goal was to investigate sprint performance relative to a baseline and control condition.
It was important to determine whether a sprint could be enhanced by two maximal sprints,
yet not influenced by other factors including the baseline testing or other outcome
measurements. As PAP is a feed-forward mechanism, it was important to control as many
of these factors as possible during testing. Initially it appeared that the sprint intervention
had the potential to produce a PAP effect for at least six minutes. However, closer
examination revealed that the control condition was also elevated at six minutes in line with
the intervention groups. The control condition did not participate in the intervention and
their previous maximal effort was during the baseline testing, over 20 minutes earlier. This
was more than sufficient time to dispel any PAP effects which could have influenced later
testing outcomes. As the outcome measure measurements and intervention were the same
(two maximal sprints), it was concluded that the outcome measurement influenced the
results of the latter testing at six minutes. Therefore, any changes following the initial
outcome measurement cannot be directly attributed to the intervention alone. This is a
concern reiterated by Blazevich and Babault, (2019) that multiple testing outcome
measurements have the potential to influence latter outcome measurements. This was
important to recognise as a flaw in this study but also in previous literature. Previous studies
may claim the feed-forward effect of PAP as exaggerated in time and effect due to the
multiple outcome measures undertaken (Tobin and Delahunt, 2014; Turner et al., 2015;
Piper, 2019). As the intervention and the outcome measurement were the same, two maximal
sprints, it does suggest that a PAP effect from two maximal sprints can last as long as four

minutes post intervention.
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The results of study one suggested that a maximal sprint can be potentiated by two maximal
sprints. Concerns highlighted in other literature was the possibility that a PAP effect is
highly individualised, leading to challenge in achieving an overall improvement without the
potential of some athletes incurring a detrimental outcome (Wilson et al., 2013). Ballistic
exercises which use less external resistance tended to produce less fatigue as well as a shorter
time until enhancement (Turner et al., 2015). It was observed in this population that over
80% of the participants achieved an enhancement at two minutes. This would suggest that
this method of inducing PAP was not only simple and quick but efficient in producing a
beneficial outcome in most of the participants. Notably, if the training or competition task
consists of both vertical and horizontal bias tasks then using both a maximal vertical jump
and a maximal sprint would be appropriate. If the training impulse is purely aimed to
improve speed, then using a maximal sprint intervention is likely to provide the desired
enhancement. It was determined that two maximal sprints had the potential to improve the
outcome of a subsequent maximal sprint within two minutes and up to four minutes post

conditioning activity.

The results of the systematic review (study 3) indicated that a bodyweight conditioning
activity had a small but significant effect in improving a maximal sprint outcome. There was
an indication that the effect size increased in a sub-group analysis when the conditioning
activity is the same as the outcome measurement. Although using a vertical bias
conditioning activity was not significantly different compared to using a horizontal bias
conditioning activity as the outcome measurement. Using a bodyweight maximal sprint
conditioning activity to potentiate a subsequent sprint performance was not only effective

but efficient in producing an enhanced effect relative to the baseline and a control condition.

PAP using bodyweight conditioning activities to improve performance.

An objective of this research was to determine whether a bodyweight conditioning activity
could be used in a ‘real world’ environment with ‘real world” applications. To achieve this,
it was not only important to quantify the outcome of a bodyweight task to potentiate a
subsequent task but also to compare that outcome to recent similar research. As PAP is
influenced by previous interventions due to it’s feed-forward effect, it was vital to first
establish whether an isolated bodyweight conditioning activity could cause a PAP effect
while carefully controlling the preceding testing. This was achieved in the two randomised

controlled trails by commencing the testing 20 minutes before the isolated intervention. As
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the testing was maximal in nature, it was conceivable that the testing could influence the
intervention and thus influence the subsequent outcome measurements. This has not been

previously described in the literature.

As all the groups participated in the initial warm-up and baseline testing, then waited 20
minutes before undertaking the intervention, it was postulated that all preceding effects
associated with the baseline testing would have dissipated. All the groups would maintain
an estimated elevated body temperature by partaking in low intensity ball related tasks
described as head tennis. This was to mimic the initial warm-up and was effective as the
baseline testing and the intervention tests in the vertical jump and sprint group were the same
with no significant difference. This was important to observe as it firstly ensured that the
baseline testing had not influenced the intervention and that the warm-up before the baseline
testing and the low intensity ball related tasks were indeed comparable to the initial warm-
up. This allowed the investigators to conclude that the intervention in this case was the most

likely contributor to any changes observed at the initial outcome measurement.

In both randomised controlled trials, a change in the outcome measurement occurred relative
to the baseline and compared to the control condition. It is worth noting that despite the
within group change being significant, the between group change was not. In both studies
the effect size compared to the control condition indicated a small to moderate magnitude
of change. What was also indicated was that compared to a previously defined intervention,
Tobin and Delahunt, (2014) and Turner et al. (2015) both the two maximal vertical jumps
and the two maximal sprints were comparable at the initial outcome measurement. What
was not initially considered and possibly should have been, was what effect previous testing
would have on subsequent testing. In study two using the vertical jump, there was no effect
evident at the second time point at six minutes. The authors assumed that the effect of the
intervention had resolved back to baseline by that point. However, this was incorrect as in
study one, the maximal sprint control demonstrated no change between the intervention and
the initial outcome measurement but elevated to the intervention group level by the second
outcome measurement. This was serendipitous as it revealed that all studies which conduct
multiple outcome measurement have in fact influenced the subsequent results as evident in
both previously defined interventions used in these randomised controlled trials (Turner et

al., 2015; Tobin and Delahunt, 2014).
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Following the indication that both a body weight vertical jump and maximal sprint could
influence the outcome at two minutes, it was decided to collate this data with similar data
pertaining to body weight activities and the effect it had on a subsequent power-based task.
A systematic review and meta-analysis was used to systematically collate the available date
for review and statistically analyse the possible influence of PAP. This provided evidence
for the validity of study one and study two as they were compared to other similar studies,
as both were included in the systematic review. It was evident that bodyweight tasks had
some variability in the nature of the task used as well as the units applied. For this reason, a
standardised mean difference was used to compare multiple different variables which were
all bodyweight in nature. It was very important to attempt to standardise the inclusion
criteria. Following on from the realisation that multiple outcome measurements have had a
feed-forward effect on latter outcome measurements, it was decided to only include the first
outcome measurement. Although this may be controversial, as much of the research within
the field of PAP and PAPE has been conducted and presented using multiple testing outcome
measurements. The only solution was to include research which conducted one outcome
measurement or if multiple measurements were conducted to only consider the initial

measurement.

Another issue relating to much of the previous research was the inclusion of multiple
different tasks as the outcome measurement. In a similar approach each task will indicatively
affect the outcome of the next task. To control this effect only one task was selected and if
multiple tasks were undertaken only the initial task was included. The results indicated that
using a body weight intervention did have a small effect in improving the outcome of a
subsequent power-based task. This was in line with the randomised controlled trials of study
one and study two. There was only minimal difference between using a bodyweight
condition to potentiate a vertical power-based task compared to a horizontal power-based
task. This was again confirmed in the randomised controlled trials as both indicated a similar
effect size. The meta-analysis did highlight that bodyweight activities produced a similar
outcome if the outcome measurement was tested prior to five minutes or five minutes after
the intervention. This may be true but requires some postulation. In study two, it was evident
that the vertical jump conditioning activity was unable to produce an enhanced effect more
than four minutes post intervention. It was clear that this effect returned to baseline
somewhere between two and four minutes. Further research would need to determine exactly

how long the effect is capable of lasting. The sprint outcome in study one, was still elevated
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four minutes post intervention so there appears to be evidence that some interventions have

the potential to produce an enhancement up to and beyond five minutes.

Specificity was demonstrated in the sub-group analysis as part of the meta-analysis as there
was a greater effect in favour of using the same conditioning activity as the subsequent task.
This outcome, though not significant different compared to the using a different conditioning
activity, was significantly greater than the control condition. Using a different conditioning
activity compared to the outcome measurement was not significantly different compared to
the control condition. As the objective of this study was to evaluate the potential that a
bodyweight conditioning activity can be used in a ‘real world’ environment to facilitate an
enhancement in a subsequent task, it appears that this may be true. Two maximal vertical
jumps can induce an enhancement in a subsequent vertical jump, which is an integral part
in many team and individual sports. Two maximal 20 m sprints can also enhance the
outcome of a subsequent sprint by two minutes which has been shown to last at least four
minutes and postulated to last longer. It is evident that bodyweight conditioning activities
produce a small effect in a subsequent power-based task when analysed with a meta-
analysis. This suggests that a bodyweight conditioning activity, which is simple, quick and
requires no equipment with minimal negative consequences is a viable method for helping
athletes prepare for training as well as competitions. This is more effective if athletes and
coaches consider using a conditioning activity which is the same or similar to the activity

requiring potentiation.

Strengths

Many previous studies attempted to investigate the longitudinal nature of PAP. The
implication being that by undertaking a conditioning activity, PAP would be achieved at
some point in the short-term future. Most studies investigated this using a test-retest
protocol, using the participants as their own controls. The methodology becomes flawed due
to the baseline testing in many cases being carried out within five minutes of the
intervention. As the baseline testing was in most cases a power-based task, either jumping
or sprinting, it is conceivable that this testing could influence not only the intervention but
also the outcome testing. Blazevich and Babault, (2019) highlighted this as a limitation in
previous research and suggested future studies should endeavour to mitigate this feed-
forward risk. Study one and study two both tried to limit this risk through use of a control

condition but also doing the baseline testing with adequate time before the intervention. This
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was to dispel any potential fatigue or performance enhancements prior to undertaking the
intervention. This was to ensure that the outcome measure was attributed solely to the

intervention or lack thereof.

Another limitation presented in the previous literature was that those studies often include
multiple baseline and outcome measurements. This could include a jump followed by a
sprint or another power-based combination. As PAP has a longitudinal effect it became clear
that each baseline and outcome measures influenced the subsequent measurement. This
became problematic because the effect was skewed either due to heightened fatigue or
performance incurred by the previous events other than the intervention. As study one and
study two followed a similar methodology with a similar population group it was initially
questioned whether these studies could be combined. It was determined that it was critical
to review the effects individually as firstly neither effect could influence the other and the
study could provide good evidence on whether a vertical bias or horizontal bias condition
activity could potentiate a similar subsequent power-based task. Although study three, the
systematic review did include either a vertical or horizontal bias conditioning activity, a sub-
group meta-analysis demonstrated that similar activities provided better potentiation

outcomes.

Limitations

A limitation not initially considered was the resultant effect of multiple outcome
measurements over different time points. Both study one and study two intended to
investigate the PAP effect over two time points, two and six minutes post intervention. It
was hypothesised that using a bodyweight conditioning activity would result in a PAP effect.
However, this effect would be relatively short lived as ballistic conditioning activities tended
to produce less potentiation, but also less consequential fatigue compared to a weighted
conditioning activity. This effect was conceived to be present immediately and to last
between two and six minutes. Both studies indicated an enhancement at two minutes post
intervention and despite the vertical jump showing no improvement in any group at six
minutes, this was construed to be directly related to the intervention. The sprint study found
a similar enhancement at two minutes post intervention which in this case was maintained
until six minutes but what was unforeseen though not unexpected post analysis was that the
control condition demonstrated no change post intervention but showed a clear enhancement

between two and six minutes. This was a clear indication that firstly, power-based tasks do
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provide a potentiation effect and secondly, multiple power-based outcome measurements
will affect the subsequent outcome measurement at least over the following four minutes.
This was not evident in study two. The vertical jump effect was assumed to last less than
four minutes post the power-based task, returning both groups to their baseline levels by the

siX minute outcome measurement.

After the analysis of study one and two it was assumed that previous testing would affect
the outcome of subsequent results. As such in the systematic review, any study which
undertook multiple outcome test measurements post intervention would be included
assuming the other inclusion criteria were met however, only the initial outcome
measurement was included. Some studies found significant improvements post intervention
at a later time point. In many cases this was reported after previous outcome measurement
testing, and as such this can’t be assumed to be truly attributed to the intervention alone due
to the potential for enhancement or a fatigue effect contributed by the previous outcome
testing. Further investigation is needed into the longitudinal effects of PAP while only

including one outcome measurement at a time.

Practical implication

For over 20 years, PAP has been investigated as a performance enhancement tool. Good
evidence exists that this physiological effect can be used to improve the outcome of a
subsequent power-based task using both ballistic and heavy resistance training. However,
this benefit was limited to a clinical setting and certain isolated training environments. This
posed a challenge to coaches and athletes on how to implement PAP consistently and
effectively in a training and competition environment in a ‘real world’ setting. The
restrictions placed on coaches and athletes to incorporate highly unreliable tasks which are
effective in relatively narrow parameters has expressed caution from the research
community. Utilising heavy equipment, technically complex exercises and excessively long
time frames has also reduced the likelihood of athletes adopting this approach. This research
endeavoured to investigate an alternative and reliable way to introduce PAP into an athlete’s
warm-up. As such it was investigated whether a bodyweight conditioning activity, done with
maximal intensity and similar to the subsequent power-based task could fully or partially

potentiate athletes prior to participation. The outcome of this research demonstrated that a
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vertical or horizontal bias bodyweight conditioning activity such as a vertical jump or a
maximal sprint, could improve the outcome of a subsequent power-based task. The effect
size when compared to other similar studies was small but significant. Whilst, previous
studies highlighted the highly individualised effects of PAP and performance, it was our
experience that using this approach, consistently produced a small to moderate improvement
in more than 80% of the participants. This application could be implemented in the final
warm-up process prior to competition or before training. It is also likely to provide a benefit
in team sports before the commencement of the game and the ensuing quarters or half. The
author proposes that an athlete should undertake two maximal vertical jumps and two

maximal sprints within five minutes prior to participation to achieve this benefit.

Conclusion

This thesis intended to examine the potential for athletes, coaches, and rehabilitation experts
to use PAP as a tool to enhance their training impulse and competition outcomes in a ‘real
world’ setting. The criteria were that the intervention had to be effective, beneficial, and
simple. For athletes to incorporate a new intervention into their preparations, it needed to
enhance their current warm-up practices without the potential to detract from their
performance. Three studies were undertaken to investigate this notion. The outcome of this
research indicates that using a bodyweight conditioning activity to achieve a PAP response
in a subsequent power-based task is possible. The benefits are simple to integrate into an
athlete’s warm-up activities with minimal detrimental effects. These improvements are
likely to induce a PAP effect in over 80% of the participants who incorporate a vertical jump
and a maximal sprint into their preparation for training and competition. It is concluded that
a maximal vertical jump and a maximal sprint can produce a PAP effect in a subsequent

power-based task in a ‘real world’ setting.
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Appendix 2 - Athlete code sheet
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Study Title The ‘real world’ application of postactivation potentiation in a physical training
and competition environment.
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# Athlete Code Athlete Name
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Appendix 3 — Study one Information document

WITS %
UNIVERSITY v

Studyv one information Document

Information Document

Study title: The ‘real world’ application of postactivation potentiation in a physical training and
competition environment.

Investigator: Nicholas Brink

Contact email: nicjbrink@gmail.com

Principal supervisor: Prof Demitri Constantinou

Contact email: Demitri.Constantinou(@wits.ac.za

Supervisor: Dr Georgia Torres

Contact email: Georgia.torres(@wits.ac.za

Institution: University of the Witwatersrand, Faculty of Health Sciences
Greetings,

My name is Nicholas Brink, A PhD student from the University of the Witwatersrand, Faculty of
Health Sciences. I am conducting a randomised controlled trial (you will be randomly assigned to
one of three groups) to evaluate the effect of postactivation potentiation: a short-term improvement
in performance as a result of using a conditioning exercise, in the training and competition
environment. The factor to be evaluated in this study is the sprint acceleration.

I would like to invite you to participate in this research study. Your participation will
involve the following:
(1) participate in a controlled football orientated warm-up for approximately 20 minutes.

(2) complete in two maximal baseline sprint accelerations over 20 m.

(3) participate in 20 minutes of ‘head tennis’.

(4a) complete three maximal sprint accelerations over 20 m, or

(4b) complete a series of three sets of ten bounds, or

(4c) completes two minutes of walking to maintain raised body temperature.

(5) complete two maximal sprint accelerations over 20 m after two minutes.
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(6) complete two maximal sprint accelerations over 20 m after six minutes.
The total time involvement will be approximately one hour.

Your participation in this study is entirely voluntary. Before agreeing to participate, it is important
that you read and understand the explanation of the purpose of the study and study procedures. This
information sheet is to help you decide if you would like to participate. If you have any questions, do
not hesitate to ask me. You are free to decline to participate if you so wish. You are free to withdraw
from the study at any stage and this will not be held against you. If you decide to take part in this
study, you will be asked to sign this document to confirm that you understand the study and agree to
take part. You will be given a copy to keep.

Purpose of the study

The focus of this proposed study is on whether postactivation potentiation can be achieved from
using a conditioning activity similar to the potentiated task, in this case a sprint acceleration.

Risks and Benefits

The participants will be at a similar risk of injury compared to any other ‘normal’ training session.
These risks have been reduced by providing a thorough warm-up. The benefit of the study is that we
intend to broaden the pool of knowledge with regard to training and competition preparation
strategies.

No financial benefit or reimbursements will be provided for participation in this study.
Confidentiality

All information obtained during the course of the study, will be kept strictly confidential. Data that
may be reported in the research report and scientific journals will not include any information that
identifies you as participants in this study. There are no names on the data collection sheet which
will be coded and only the researcher will have access to codes.

On completion of the study, the results will be disseminated to you along with your personal results.

This study has been approved by the Human Research Ethics Committee (Medical) of the University
of the Witwatersrand, Johannesburg (“Committee”). A principal function of this Committee is to
safeguard the rights and dignity of all human subjects who agree to participate in a research project and
the integrity of the research. If you have any concern over the way the study is being conducted,
please contact the Chairperson of this Committee who is Professor Clement Penny, who may be
contacted on telephone number 011 717 2301, or by e-mail on Clement.Penny@wits.ac.za. The
telephone numbers for the Committee secretariat are 011 717 2700/1234 and the e-mail addresses
are Zanele.Ndlovu@wits.ac.za and Rhulani.Mukansi@wits.ac.za

Thank you for reading this Study Information Sheet.

July 2020
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Appendix 4 — Study two information document

WITS é
UNIVERSITY \j

Study two Information Document

Information Document

Study title: The ‘real world’ application of postactivation potentiation in a physical training and
competition environment.

Investigator: Nicholas Brink

Contact email: nicjbrink@gmail.com

Principal supervisor: Prof Demitri Constantinou

Contact email: Demitri.Constantinou(@wits.ac.za

Supervisor: Dr Georgia Torres

Contact email: Georgia.torres(@wits.ac.za

Institution: University of the Witwatersrand, Faculty of Health Sciences
Greetings,

My name is Nicholas Brink, A PhD student from the University of the Witwatersrand, Faculty of
Health Sciences. I am conducting a randomised controlled trial (you will randomly be assigned to
one of three groups) to evaluate the effect of postactivation potentiation; a short-term improvement
in performance as a result of using a conditioning exercise, in the training and competition
environment. The factor to be evaluated in this study is the vertical jump.

I would like to invite you to participate in this research study. Your participation will
involve the following:
(1) participate in a controlled football orientated warm-up for approximately 20 minutes.

(2) complete in two maximal baseline vertical jumps defined as starting from an upright standing
position, making a preliminary downward movement by flexing at the knees and hips, then
immediately extending the knees and hips to jump vertically up off the ground.

(3) participate in 20 minutes of ‘head tennis’.
(4a) complete two maximal vertical jumps, or

(4b) complete a series of forty submaximal jumps, or
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(4c) completes two minutes of walking to maintain raised body temperature.
(5) complete two maximal vertical jumps after two minutes.
(6) complete two maximal vertical jumps after six minutes.

The total time involvement will be approximately one hour.

Your participation in this study is entirely voluntary. Before agreeing to participate, it is important
that you read and understand the explanation of the purpose of the study and study procedures. This
information sheet is to help you decide if you would like to participate. If you have any questions, do
not hesitate to ask me. You are free to decline to participate if you so wish. You are free to withdraw
from the study at any stage and this will not be held against you. If you decide to take part in this
study, you will be asked to sign this document to confirm that you understand the study and agree to
take part. You will be given a copy to keep.

Purpose of the study

The focus of this proposed study is on whether postactivation potentiation can be achieved by using
a conditioning activity similar to the potentiated task, in this case a vertical jump.

Risks and Benefits

The participants will be at a similar risk of injury compared to any other ‘normal’ training session.
These risks have been reduced by providing a thorough warm-up. The benefit of the study is that we
intend to broaden the pool of knowledge with regard to training and competition preparation
strategies.

No financial benefit or reimbursements will be provided for participation in this study.
Confidentiality

All information obtained during the course of the study, will be kept strictly confidential. Data that
may be reported in the research report and scientific journals will not include any information that
identifies you as participants in this study. There are no names on the data collection sheet which
will be coded and only the researcher will have access to codes.

On completion of the study, the results will be disseminated to you along with your personal results.

This study has been approved by the Human Research Ethics Committee (Medical) of the University
of the Witwatersrand, Johannesburg (“Committee”). A principal function of this Committee is to
safeguard the rights and dignity of all human subjects who agree to participate in a research project and
the integrity of the research. If you have any concern over the way the study is being conducted,
please contact the Chairperson of this Committee who is Professor Clement Penny, who may be
contacted on telephone number 011 717 2301, or by e-mail on Clement.Penny@wits.ac.za. The
telephone numbers for the Committee secretariat are 011 717 2700/1234 and the e-mail addresses
are Zanele.Ndlovu@wits.ac.za and Rhulani.Mukansi@wits.ac.za

Thank you for reading this Study Information Sheet.
July 2020
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Appendix 5 — Consent document

WITS %
UNIVERSITY \j

Informed Consent Document

Study title: The ‘real world’ application of postactivation potentiation in a physical training and
competition environment.

Investigator: Nicholas Brink

Contact email: nicjbrink@gmail.com

Principal supervisor: Prof Demitri Constantinou

Contact email: Demitri.Constantinou(@wits.ac.za

Supervisor: Dr Georgia Torres

Contact email: Georgia.torres@wits.ac.za

Institution: University of the Witwatersrand, Faculty of Health Sciences
Informed consent,

I hereby confirm that I have been informed by study investigator Mr. Nicholas Brink about the
nature, conduct, benefits and risks of this study. I have also received, read and understood the above
written participant information sheet regarding the study. I am aware that results of the study will be
anonymously processed in to a study report and may, at any stage without prejudice withdraw my
consent and participation in the study. I have had sufficient opportunity to ask questions and (of my
own free will) declare myself prepared to participate in the study.

Participant

Print name Signature Date

I, Nicholas Brink, herewith confirm that the above participant has been fully informed about the
nature and conduct of the above study

Investigator

Nicholas Brink

Print name Signature Date
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Appendix 6 - Data Capture Sheet
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UNIVERSITY v

Investigator | Nicholas Brink
Study Title The ‘real world’ application of postactivation potentiation in a physical training
and competition environment.
Institution = University of the Witwatersrand, Faculty of Health Science
# Date Athlete IC Age Weight  Height Team  Absolute Relative
Code Strength = Strength

Data Capture Sheet

RN AW -

Notes
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Appendix 7 — Study one data collection document

WITS é
UNIVERSITY V

Investigator Nicholas Brink
Study Title Postactivation potentiation of a maximal sprint performance using a maximal sprint
Institution = University of the Witwatersrand, Faculty of Health Science
Date
Athlete Code 1*WU Base 1 Base 2 2" WU CA1l CA2 CA3 PT 1a PT 1b PT 2a PT 2b

Data Collection Document Study one — Group S

RIS AW - T

| o
BN -=O

Key

# - Athlete number

Athlete Code — Confidential Athlete Code

1 WU - Initial 20 min warm-up

Base 1 & 2 - Baseline testing maximal sprint

2" WU — Follow up 20 min warm-up (‘head-tennis’)
CA 1, 2 & 3 — Conditioning activity (maximal sprint)

PT 1a, 1b, 2a & 2b — Potentiated task (maximal sprint)
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Investigator = Nicholas Brink
Study Title Postactivation potentiation of a maximal sprint performance using a maximal sprint
Institution = University of the Witwatersrand, Faculty of Health Science
Date
Athlete Code 15t WU Base 1 Base 2 2" WU CA-PS CA-PS CA-PS PT 1a PT 1b PT 2a PT 2b

Data Collection Document Study one — Group P

RN AW =TI

# - Athlete number

Athlete Code — Confidential Athlete Code

1 WU - Initial 20 min warm-up

Base 1 & 2 - Baseline testing maximal sprint

2nd WU - Follow up 20 min warm-up (‘head-tennis”)
CA - PS — Conditioning activity (bounding series)

PT 1a, 1b, 2a & 2b — Potentiated task (maximal sprint)
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Investigator = Nicholas Brink
Study Title Postactivation potentiation of a maximal sprint performance using a maximal sprint
Institution = University of the Witwatersrand, Faculty of Health Science
Date
Athlete Code 15t WU Base 1 Base 2 2" WU CA-C CA-C CA-C PT 1a PT 1b PT 2a PT 2b

Data Collection Document Study one — Group C

NN AW - T

— k|
BN -

Key

# - Athlete number

Athlete Code — Confidential Athlete Code

15t WU - Initial 20 min warm-up

Base 1 & 2 - Baseline testing maximal sprint

2" WU — Follow up 20 min warm-up (‘head-tennis’)

CA - C - Conditioning activity (control group — gentle activity)

PT 1a, 1b, 2a & 2b — Potentiated task (maximal sprint)
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Appendix 8 — Study two data collection document
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Investigator Nicholas Brink
Study Title Postactivation potentiation of the vertical jump performance using a vertical jump
Institution = University of the Witwatersrand, Faculty of Health Science
Date
Athlete Code 1*WU Base 1 Base 2 2" WU CA1l CA2 CA3 PT 1a PT 1b PT 2a PT 2b

Data Collection Document Study two — Group VJ

RIS AW - T

| o
BN -=O

Key

# - Athlete number

Athlete Code — Confidential Athlete Code

1 WU - Initial 20 min warm-up

Base 1 & 2 - Baseline testing vertical jump

2" WU — Follow up 20 min warm-up (‘head-tennis’)
CA 1, 2 & 3 — Conditioning activity (vertical jump)

PT 1a, 1b, 2a & 2b — Potentiated task (vertical jump)
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Data Collection Document Study two — Group MJ

Investigator = Nicholas Brink

Study Title =Postactivation potentiation of the vertical jump performance using a vertical jump
Institution = University of the Witwatersrand, Faculty of Health Science

Date
Athlete Code 1t WU Base 1

NN AW - T

— k|
BN -

Key

# - Athlete number

Athlete Code — Confidential Athlete Code

15t WU - Initial 20 min warm-up

Base 1 & 2 - Baseline testing vertical jump

2nd WU - Follow up 20 min warm-up (‘head-tennis’)
CA - PS — Conditioning activity (multiple jump series)

PT 1a, 1b, 2a & 2b — Potentiated task (vertical jump)

Base 2

2" WU

CA-PS

CA-PS

CA-PS

PT 1a

PT 1b

PT 2a

PT 2b
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Investigator = Nicholas Brink
Study Title =Postactivation potentiation of the vertical jump performance using a vertical jump
Institution = University of the Witwatersrand, Faculty of Health Science
Date
Athlete Code 15t WU Base 1 Base 2 2" WU CA-C CA-C CA-C PT 1a PT 1b PT 2a PT 2b

Data Collection Document Study two — Group C

NN AW - T

— k|
BN -

Key

# - Athlete number

Athlete Code — Confidential Athlete Code

15t WU - Initial 20 min warm-up

Base 1 & 2 - Baseline testing vertical jump

2" WU — Follow up 20 min warm-up (‘head-tennis’)

CA - C - Conditioning activity (control group — gentle activity)

PT 1a, 1b, 2a & 2b — Potentiated task (vertical jump)
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Postactivation performance enhancement (PAPE) of sprint acceleration

performance
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AESTRALT KEYWORDS
Postactivation nce enhanomment [FAPE] is a principle that an acute boat of high-inberaity  PAPE imlansity; PAR:
woluntary esercise is foliowed by an enhancement in simength, speed or pover This  wewcdfiaty: plyormsdne:
study intended to show a direct comelation bebween intensity, specficty and the cutcome of 2 *P0IS
mﬂhﬁtn}wm;mm diefined weighted plyomstic

intervention. bn a randomised conarobiod, rial, professional footballers. underbook

20 m maximal spring accelerations at a baceling and at 2 and & min post-intenantion afer 1 of
3 interventions; I repetitions of 30 m srint accelerations (51, 3 x 10 alerative kg welghted
tumdrgrP]:ﬂmannnd-mnﬂ“ﬂlﬂgﬁEilwhs

over 10 and 20 m 2t 2 min of 012ms” and 00 1ms” and & min of 0.11ms™ and L12ms ™.
Relative o the baseline P also had a significant | over 10 and 20 m at 3 mén
oems™" and Q09%ms™" and & min of 01Ims™" and 009ms™'. Thene was :-ﬂgrﬂ!ﬂ:mt
imgroyement in C between 2 and & min dntervention at 10 and 20 m of 0D&ms and
m“.msﬁrﬂlnguggmamhﬂpu:ﬂmemhnahmmda
ainsequent magimal spring aoceleration at 2 min, but the later results could not be dinecily
attribaned to the interdentions & previous testing i kely to have influenond these cuToomes.

Intreduction

Sprinting requires a high rate of force production that s
linked to acceleration, speed, change of dirsction and
power and relates directly to training effect and compe-
tition outcomes [Colyer, Magahara, Takai, & Salo, X018,
wan den Tillaar, Lerberg, & won Meimburg, 201%L The
warm-up plays an important role in enhancing or dimin-
ishing this desired effect so even small deviations;
especially evident in isolated sprinting events, can
influence success or failure (Gil et al,, 2019). When pre-
paring for maximal exertion, maximal sprinting is often
incorporated as the apex of the warm-up seguence
(Silva, Mewa, Marques, kguierdo, & Marinho, 2008).
There & ewvidence that high welodty, high-intensity
tashs at the end of 2 warmeup can scutely enhance an
athletes’ potentisl which exceeds the enhancement
attained by a submamimal warm-up alone fvan den
Tillsar et al., 2019). In this study, postactivation poten-
tiation (PAF) will refer to enhamcements n muscle
twitch response while postactivation perfomance
enhancemnent (PAPE) will refer to an acute bout of
high-intensity woluntary ewxercise followed by an
enhancement in strength, speed or power production

[Blazewsch & Babawk, 20049 Zimmenmann, Maciniosh, &
Cial Pupo, 2020).

Postactivation performance enhancement is a phys-
ical tramning principle which proposes that a masde
can be acutely optimised by fs contractle hstory,
which in tum affects the outcome of a subsequent
task {Hodgson, Dochesty, & Robbins, 2005 Lorenz,
2011). There is a plethora of evidence linking heawy
resistance traindng [MAT) with a PAPE response using a
hesavy resistance isotonic preload stimules (75-90%
1RM) to achieve this enhanced state (Hodgson et al,
2005, Matthews, Marthews, & Snook, 2004 ‘Wilson
et al, 2013). Althowgh HRT has shown effective results,
the nature of hesvy lifting constraints coaches and ath-
letes to use eguipment and reguires individualised
time frames to dispel the associsted fatigue conse-
guence, making this strategy impractical in & traning
and compettive environment (Wilson et al., 20130
These effects ane untested in a compebtion environment
especially in team sposts and Bmited 1o izolated testing
scenarias in training (Bevan et al, 2010 Tobin & Dela-
hunt, 2014L The guidelines for PAPE using HAT exist
within namow parameters with a high proportion of

CONTACT Macholas | Erink migrink@grosileom
i }IZ| Durcpasn Colege o Spart Scisace
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non-respanders  proampting  cautionary  recomimen-
daticns from imeestigators to individualise the delay
times after the conditioning activity (CA) to achéeve
the desired effect (Wilson et al, 20130 However, there
sepms o be a propostional asscciation between the
specificity and the intensity of the CA and PAPE which
has been similarly defined in many warm-up practicss
fvan den Tillaar et al, 201% Burkett, Phillips, & Ziwraitis,
2005; Pussell, West, Harper, Cook, & Kilduff, 2015). Thas
concept suggests that athletes could optimise prior to
performing a maximal activity by using a CA simillar in
nature and intensity to the expected outcome (Swcho-
med, Comfort, & Lake, 2017).

There i= a growing intersst in the PAPE effects slicited
by ballistic mowvements and phyometrics. By utilising high
welacity, high power movements, the larger muscle
fibres can theoretically be recruited extremely quickly,
urederpinning the success seen with plyometrics and
PAPE (Maloney, Tumer, & Fletcher, 2014). Althowgh
much of the research associated with PAPE and phyo-
metrics inwalves a weighted CA, [Pipes, Joubert, Jones,
& Whitehead, 2000} vnweighted actieties hawve also
shown improvements (Tumer, Belhouse, Kilduff, &
Aussell, 2015, Research  suggests that usng an
unveeeighted CA wery similar to the final task can
enhance performances within specific populations as
much 2 a comparable weighted CA {Smith et al,
2014). Karampatses et al {2013, 2017) observed that
field event athletes achéeved significantly greater
throw distances 1 min after a 20 m sprint at maximal
effart in training. Sharma et al. (2018} showed that mulk
tiple unweighted plyometric tasks had a greater effect
an a 20m sprnt performance compared to that of
HRT, suggesting that urweighted plyometrics may play
an important role in acutely enhancing musde tissue,
& concept reiterated by Creskmur et al. (2007]. Smith
et al. (2014} found that unloaded sled pull improved ath-
betes 20 m sprint times as much as weighted sled palls.
This indicates that high-ntensity renning wathout
excess weight may hawe similar benefits to hagh-inten-
sity weighted runs. Turner et sl (2015 demonstrated
how body-weighted bounding; an action similar 1o
high-intensity runming (Young, 1992) acutely enhanced
10 and 20 m sprint accel=rations.

Commoen aspects assocated with PAPE seem to
include the spedficty to the outcome task and the
mtensity of the CA. Coaches would dosely emulate the
tasks and skills required in competibon within the
warm-up phase to affect this specificity principle. Thers
is a paositive performance correlation between a sport
and its warm-up processes (Pussell et all, 200 5). Samilardy,
a commaon theme relating to the effectiveness of PAPE, is
how diosely the CA relates to the outcome task (Till &

Cooke, 30050, Van den Tillaar =t al. (2009) found that
specificity is an important constitsent in the dewslop-
ment of an enhanced owtcome. & warm-up with activi-
ties similar to the subseguent task were used with
significant  benefit compared to an altemate mon-
specific warm-up. Van den Tillsar et al. [2019) also inves-
tigated the effect of a slower wam-up inwolving
dynamic exercises and jogging to a similar wanmeup
with increasing intensity sprinting. The higher velocity
warm-up showed significantly greater smprovements
ower the timed distance. Silva et al (2018) found that
sprints at the end of 2 wanm-up improve athletic per-
formance by 2-% which & in ine with the reported
benefits of PAPE using plyometrics (Creekmur et al,
2017

This study intended to demonstrate how a CA similar
in specificity and intensity to a sprint acoeleration could
be wzed to mprove a subsequent sprint acosleration
ower 10 and 20 m. It was hypothesised that this sprint
acceleration mtervention would improve a subsequent
sprint scceleration as much a5 a previously defined
weighted, plyometnc PAPE intervention, and more
than that of a control group.

Methods

Study design

A randomised, double-blinded controlled study design
was used to compare the effects of maoamal sprint acoel-

erations in relation to.a weighted phyometric activity and
a oontral condition on the autcome of 20 m sprint accel-

erations. Although a crossower design might have been
better, testing professional athéetes can be a challenging
undertalong due to their hectic training and match sche-
dule allowing for a small window of opportunity. For this
reason, & single testing session was selected. Ethics

approval for the study was granted by the University
of the Witwatersrand's Husman Research Ethics Commit-

tee (Medical) (approval number B1906237)

Participants and sampling

Made, professional socoer players wene invited to partici-
pate in this study from the first and reserve squad linked
to & team in South Africa’s Premser Scccer Lesgue (age
24 £ 5 years; masc 6592 + 9.8 kg; height: 174+ 0.06 mg
relatree squat strength [sbsolute sguat strengthvbody
mass]: 185+ 019). The participants were imvited on
the basis that they were match ft and in fulll training par-
ticipation. Seventy-two participants consented to par-
ticipate in the study, with three particpants excluded
besed on being unfit to train. The remaining (=69
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participants were randomidy and wniformly allocated to
either; the sprint acceleration group (5), the plyometric
group [F] or the controd group (O by an independent
assessor to prevent selection bixs. All the partidipants
were informed about the study parameters but were
blinded to the study's chjectives to prevent bizs and
signed a consent document to acknowdedge this A
minimum ssmple of 69 (effect sre = (.54, power = 095
and significance level = 008 was determined from a
sample  size calculabon wming  GPower  software
(version 1.1.9.2; Hemrich-Heine-Universitit  Dusseldarf,
Gemmany), effect size specification a5 in Cohen [1985)
and the sprint velodty over 20 m infleenced by time x
condition mteraction froem Tumer =t al. (20 5.

Procedires

Al participants had height in metres [Charder, portable
height meeasure wnit; Fizique, Johannesburg, RSA) and
mass in kilograms (Chander, slectric scale; Fimque, Johan-
nesburg, RSA} messurements recorded prior to the
testing. Testing oocurred 48-hours after the most
recent training session. Each randomised growp was sep-
arated from the cther groups allewing for blinding 1o
the different interventions. A designated member of
the coaching staff UEFA A-licensed), familar with the
testing procedure was selscted to admanizter the
wam-up, intervention, pre- and  post-intenvention
testing. He was instrcted by the primary imeestigator
on the procedures but not informed of the objectives
of the study allowing for blinding to prevent bias

Participants reported to training as normal and
undericok a standardised preparation football warm-
up of approximately X min conssting of jogging,
dynamic stretching, body preparation exercise, submes-
imal sprints; up to ~50%, submasimal plycmetrics and &
ve 2 S-minute rondos [wmall-sided possession games).
The warm-up and testing ocourred on a foothall pitch,
with football boots which the participants were aoous-
tomed to wming. After the warm-up, the participants pro-
gressed to the maximal bassline testing: 2 x 20 m pre-
inbervention sprint accelerations, with timing gates at
the start, 10 m, and 20m This was followed by low-
intensity ball-related games (head tenmis) for 20 min o
maintain an estimated elevated body temperature but
expel any potential PAPE effects accrued during the
bazsline testing (Maloney et al., 2004). After 20 min 5
F and C pesformed their individual intenentions.

Infervention

To acocount for the possible PAPE and fatiquing conse-
guences of the ntervention testing, C participated in

EUROIPEAR JOUIRAL OF Wh0NT SOERCE (w3

the pre-intesrvention testing and the post-intervention
testing whills omitting the mtersention. A 200 min
period between the pre-intervention testing and the
intervention was used to ensure that any PAPE effects
incurred during the pre-intenention testing were com-
pletely dispelled prior to performing the mterventions,
a consequence not previously decuszed i previcus
stisdies (Turner et al, 2015; Vandenboom, 201 1).

Thee § group participants performed 2 maximal sprint
accelerations over 20'm at 95% or above of their base-
line maximum to account for specificity and intensity.
The P gowup paricipants undertook 3 sets of 10
weighted alternative leg bounds as defined by Turner
et al. [2015) using 10% body mass-weighted wests (Fit
for Life, adjustable weighted vest; Fizque, Johannes-
burg, RSA)L It is worth noting that the nvestigators
med this intervention exsctly as described by Turner
et al [2015], however, the pre- and post-intersention
protocod differed allowing for this sbudy’s objectives to
be investigated. The C group participants continwed to
walk during the intervention period to maintain esti-
mated elevated musde temperature. The total time for
intervenition period was ~%0 sec and was comparable
between all participants. Following the mterventions,
the participants completed 2 maximal sprints accelera-
tions at 2 and &min respectively post-intervention
[Gotad, Maszeryk, Zajac, Milotajec, & Stastny, 20161 Par-
ticipants completed the 4 post-intenvention test sprint
accelerstions with the aim to achieve the best outcomee.

Megsurements

The =print accelerations were measured wsing speed
gates (Fusion Sport, SmantSpeed, w.152) &t Om, 10
ared 20 m. The participants started 03 m behind the
first gates (Aussell et al, 5015) on their awn time follow-
ing & ready command. They were instructed to sprint
with madmal effort past the final gate The participants
performed 2 maximal sprints at the pre-intersention and
post-intervention tests with the goal of achieving the
fastest outcome. The sprint acceleration intervention
was compared to the baseline to assess for imbensity as
one of the highly influential factors in achieving PAPE
The & group participants who did not achieve 95% or
above of the baseline testing during the ntervention
testing were recorded and compared to the within
group participants who achéeve 95% or sbove compared
to the pre-intervention testing.

Statistical analysis

Statistical analysis was performed wsing 5P55 softwane
[Wersion 26; SPSS, Inc, Chicago, IL, USAL The data were
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tested for normality using the Shapiro-'Willk test. The
data are presented as a mean 4 standard deviation. &
1w 3 mmed-design anabyss of variance with a within-
between interacton was used to imvestigate the 10
and 20m sprint accelerations. The betwesn-group
factor being the groups (5, P and €} and the within-
subject factor being time |pre-intervention, 2 min post-
intervention and Gmin post-intervention). Mawchly's
test was consulted and Greenhouse-Gessser oorection
was applied if sphericity was violated. Significant main
events observed in the within subject factor for each
time paint was compared to the baseline and were
investigabed further with a Bonferrond painsise compar-
son. Where significant p values were identified for the
interaction =ffect (time x groupl, posthoc testing used
Cohen's d for each pairwise comparison. The magnitude
of effect size was evaluated and consdered trivial (<0.2),
small (0.2-0.500, maderate (0.50-0.80), and large {>0.80)
as propased by Cohen. Individual perfomances weere
recorded and monstored for sgnificant  differences
from beefore and after the CA as well as the percentage
of individuals who displayed change. A paired f-test
was uzad to compare the baseline and the sprint inter-
vention. The level of significance was set at p < 005

Results

The mean and 50 values for the betessen and within
group results are reported in Table 1. The pre-inbersen-
tion baseline testing abo showed good test-rebest
reliability of [081) and {0.85) for 10 and 20 m respect-
iwedy. The 20 m sprint acceleration was influenced by a
significant inberaction between time x group, (Fy, 32=
119, p < W05, partial |11= 009} and time (Fz = 23746,
p <01, partisl |'|:'=-I]-_'!]|']. There was mo significant
difference between the groups at baseline (p=0.854)
and the control growp did not change between the
intereention. Relative to the baseline there was a signifi-
cant difference for & |F; = 3014, p < 0001, partial r|]=
0.49), at 2 min 6.7%mis™ £ 019, p<0001) and &min
67 ms™ ' 2018, g 0001) and for P {Fy, ss= 661, p=
0.003, partial n*= 023} at 2 min {673 mis ' 2015, p=
0038) and Gmin [EF4m=~"£017, p<0O0D1) over
2 m. Althowmgh ¢ showed no mean difference
between the pre-intervention basefine and post inter-
wention at 2 min, there was a significant mean difference
between 2 min post-intervention and & man post-inter-
vention . ms" £0.17, p= 0003 Thers was no sig-
nificant difference between the grosps at any time
paint. Howeser, 5 and P were 147 and 1.44% faster
than C at 2 min respectively.

The mean and S0 values for the beteeen and within
group results are reported in Table 2. The 10 m sprnt

acceberation was influenced by a significant nteraction
between time and group, (Fy 3z=253, p< 008,
partial r|:'=-|}.-|}.'|"] and time (F; jo=220F, p<0001,
partial n*=025). There was no significant difersnce
betwsen the groups st baseline (p=077E) and the
control growp did not change between the intervention
Relative to the baseline there was a significant difference
for & (Fa, = 1640, p < 00, partial |1]= 43, at 2 mim
SEXms ' #0107, p=0001} and Gmin (S80mz "=
018 p<0001) and P [F =602, p=0005, partal
n'=022) at 2 min S&1ms" £ 5,15 p < 005) and & min
BEims '+ 014 p<005) ower 10m Although ©
showed no mean difference between the pre-interven-
tion baseline and post ntervention at time point
2min, there was a significant mean  differsnce
betaeen 2 min post-intervention and & min post-inker-
weriion |(5.80ms" a0 &, p < (L0S) There was no signifi-
cant difference between the groups at any time point
Horwewer, 5 and P were 1.44% and 1.22% faster than C
at  min respectively.

Eighteen [F8%) and 19 (8%%) of the 21 participants in
5 diid thewr fastest 10 m sprint acceleration at ¥ and & min
respectively, while 20 (BP%) of the participants did their
fastest 1) m speint acceleration 2t X and & man compared
to their bazsline sprint acceleration. All 23 participants
within this group achieved > 95% of the bassline wel-
ocity duwing the inbervention ower both the 10 and
20 m. There was no significant difference beteeen the
baselime velocity and the intervention welocity in S
over 10 m [p=0.23) or 20 m {p=0.23)

Discussion

Thee outoome of this study supports the hypothesis that
a maximal spring acceleration intenvention may improve
the outrome of & subseguent maximal sprint accelera-
tion. When compared to a previowsly tested PAPE
effect (Turner et al, 2015); wsing a wesght=d plyometric
intervention, the sprint acceleration group showed
improvements im sprint velooty within a similar range
oeer 2 and & min post-intenention. Furthermone, fiollone-
ing a standardized foothall warm-up, some Improwve-
ment were observed following & meoamal  sprint
accederation intervention compared to no intervention
Although this beteeen group outcome was not signifi-
cant, & mediom effect sze of d=057 and 051 for
20m and 10'm was found at X min between group 5
and group C indicating a moderate difference in magni-
tude. Group C demonstrated a significant improvement
during the post-intervention testing betwesn 2 and
&min. Additionally, groups & and P significantly
improved their within group times relative to their base-
lines. This shows that a maamal sprint acceleration
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Table 2. Sprint welocity over 10 m mean and S0 walues.

droup L] Eawdma Pail 1 min ] & rin
1 m sprint wiecity (mi") Speinil Fyosetr Contral T+ 018 LEEE iR i S8+ 018"
FEFESAL 81 £0.18° S.E1 & fL3E"
ST 005 Sl x4 B0 "
pevadun (E5] Spemil dmpanad 15 corsl o (L1 =005 EET) o iR
ES aniisirramil Tooriad Wixbmals Trerid
p-vddeni (E%] Plyormedric companad T conttesl 100 {Eusy L LE-TE ] .08 (S
S archarsirruil Towvial Serall Trwial
“gnifecantly diffeenl lrom pee-interntien bissding, £5 = Eflect dim, povidus = sgnifiant bivil.
Ehmnifean Ly difs from pail tirrs peint I min. Mo igrifcant | group dif ik |

I min and & min post-interention cannot be directly
attributed to the mtervention either and that the
results during the second post-intervention testing
were affected by the nitial post-intervention testing.
This shows that in this study the results at & man post-
intervention cannot be directly attributed to the effect
of the intervention and were also affected by the
sprint acceleration at Imin  post-interention.  This
makes previows findings questionable where multiple
past-imbervention tests are wndertaken and suggests
caution when reviewing emture where signaficant
change is reported with multiple post-intervention
testing scenanos admanistered. Future consderation
needs o be given to the effect testing protocols hawe
on subsequent testing profocols when nvestigating
PAPE

This study demonstrated that the majority (=75%
over 10m and »B¥ over 20m) of the participants in
£ improved their velooity at the 2 and & min post-irber-
wention compared to their pre-intervention baseline
outcame. In contrast P showed an improvement in
»65% of the participants ower the same distances and
time points. An unexpected outcome of this study was
that approcamately 75% of the participants in the C
group showed significant improvemenits aver both the
10 and 200 m, between the } and & min post-intenvention
tests. This may suggest that within this population and
this environment, more participants overall will elicit
improvements doing a sprint acceleration rather than
& weighted bounding interention, up t© & min post-
intervention. This supports the claim that specificity
and intensity may be highly influential in producing an
early PAPE response in more participants wathin a
group. Achieving this PAPE responze may help to miti-
gate the individual response effect as even if some indi-
widuals are non-responders or partial responders the
odds of this are reduced.

Conclusion

The findings of this study have important implications
for coaches looking to take advantage of the PAPE

conundrum. This study proposes that a sprint accelera-
tior; specifically, 2 sets of 20 m maximal intensity nuns,
may induce a PAPE response in a subseguent maomal
10 and 20 m maximal sprint accederation at 2 min. The
improvements observed from a sprint aoceleration CA
are of a similsr magnitude to a weighted plyometnic
CA with a horizontal bias. Comparable to other plyo-
metric CA's utilising baody weight, sprint accelerations
seem to exhibit immediate enhancements without the:
aszaciabed fatigue effects commonly chserved with
PAPE and HRT. Future consideration needs to be gven
to the effect testing protocols have on subsequent
testing protocols when imvestigating PAPE This format
of inducing 2 PAPE response promotes a practical
warm-up solution for athletes and coaches sesiong to
achieve performance enhancement without wsing labor-
ious equipment, determanineg individeal response times
or elicting a dominant initial fatigee consequence. In
condlusian the implementation of a CAor preload stimu-
Iues similar i neture and intensity to the subssquent task
may be effective in delfwering an enhancement ta com-
petitive athletes and teams.

Disclosure statement
Mo potential conflict of interest was reported by the authonis).
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