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Abstract

Background Research on post-activation performance enhancement (PAPE) is dominated by lower-body conditioning activi-
ties/performance test complexes. Despite the contribution of the upper body to many sporting actions, no review on upper-
body PAPE currently exists.

Objectives The aim of this systematic review with meta-analysis was to provide a synthesis of the available research on the
inclusion of upper-body PAPE conditioning activities to improve athletic performance.

Methods A review of the literature was conducted according to the Preferred Reporting Items for Systematic Review and
Meta-analyses guidelines, including a literature search of EBSCOhost, SPORTDiscus, PubMed and Google Scholar data-
bases. A total of 127 studies were identified through database searches, and were assessed against the following criteria: (1)
randomised controlled trial or pre-and-post study design; (2) studies explored the effects of prior voluntary muscle activity,
and not electrically induced contractions, (3) evidence, or lack thereof, of PAPE was quantified by the monitoring of indi-
vidual performance to commonly applied physical tests or sport-specific tasks; (4) conditioning activities and performance
tests were primarily upper-body; (5) detailed description of a standardised warm-up; and (6) full-text versions of studies
could be accessed in English language peer-reviewed journals. Studies were quality assessed for methodological quality via
the PEDro scale and ranked accordingly.

Results Thirty-one studies met the inclusion criteria. Studies were classified into different conditioning activity modes: bench
press variations, sport-specific (modified implement throws, swing-specific, cable pulley, elastic resistance, combination)
and bodyweight activity. Acute performance enhancement in several movement-specific combinations was found. A meta-
analysis revealed that bench press at > 80% one repetition maximum significantly (p =0.03; ES =0.31) improves subsequent
power output in the ballistic bench throw at 30-40% one repetition maximum, following 8—12 min recovery. Additionally,
sport-specific overweight implement throws improved subsequent throwing distance at competition weight by ~1.7-8.5%;
ES =0.14-0.33, following 3 min recovery. Sport-specific lighter weighted bat swings and swing-specific isometrics resulted
in improved subsequent competition weight bat swing velocities, ranging from ~ 1.3-4.9%; ES = 0.16-0.57.

Conclusions This review presents several upper-body movement-specific conditioning activities that could be considered by
coaches and practitioners as part of complex or contrast training, or used in pre-competition warm-ups to acutely enhance
performance.

1 Introduction

Coaches and practitioners regularly utilise the pre-compe-
tition warm-up to acutely enhance neuromuscular perfor-
mance [1-3]. The use of a warm-up is thought to influence

P< Mitchell James Finlay
Finlaym @edgehill.ac.uk

Sports Injuries Research Group, Department of Sport
and Physical Activity, Edge Hill University, St. Helens Road,
Ormskirk L39 4QP, Lancashire, UK

performance through several temperature-related (decreased
resistance of muscles and joints, increased nerve conduc-
tion rate and thermoregulatory strain, greater release of oxy-
gen from haemoglobin and myoglobin, and speeding up of
metabolic reactions) and non-temperature-related (increased
blood flow, elevation of baseline oxygen consumption and
psychological effects) mechanisms [3]. Likewise, it is pos-
sible that the use of an additional conditioning activity may
also influence subsequent neuromuscular performance [4],
possibly above and beyond that of the warm-up [5]. An
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Bench press of >80%1RM induces a moderate post-
activation performance enhancement effect in the subse-
quent ballistic bench throw.

Sport-specific post-activation performance enhancement
conditioning activities, including overweight imple-
ment throw and lightweight and isometric bat swings,
improved subsequent throwing distance and bat swing
velocity, respectively.

Upper-body conditioning activities that share biome-
chanical specificity with the performance test may be
more likely to induce a post-activation performance
enhancement effect.

example use of a conditioning activity, is complex training,
whereby the completion of a high-load resistance activity
can enhance subsequent plyometric or ballistic-type activ-
ity [4, 6, 7]. The mechanisms and terminology of this acute
exercise performance enhancement, or previously termed
‘post-activation potentiation’ (PAP), have recently been sub-
ject to debate within the scientific community, resulting in
the term ‘post-activation performance enhancement’ (PAPE)
being proposed [8]. Blazevich and Babault [5] suggest that
PAPE may be attributable to mechanisms that are commonly
observed through warm-ups, such as changes in muscle
temperature and intramuscular fluid accumulation, or neu-
ral mechanisms. However, the specific mechanisms require
further investigation. A delayed, yet prolonged window of
action is associated with PAPE, and is often observable by
improvements in neuromuscular performance lasting sev-
eral minutes in responding athletes [5, 9, 10]. Where PAP
may also occur and coexist with PAPE in response to prior
voluntary action [9], it is typically dissipated in a manner
of minutes, often by the time PAPE effects are evident [5].
With consideration to the traditional misuse of PAP, and the
ongoing debates on revised nomenclature [5, 9, 11, 12], this
current review considers studies that have assessed the effi-
cacy of prior voluntary muscular activity, on the subsequent
performance of a voluntary activity, as PAPE.
Considerable inter-individual variability exists in the
PAPE response, from a positive effect (responders), no
effect (non-responders) or even adverse effects [13]. There
appear to be several modulating factors including, but not
limited to, participant strength levels, sex, conditioning
activity, type of load, warm-up activity, rest-period and per-
formance test [4, 5]. The warm-up is perhaps of increased
importance, in that it could also explain any performance
enhancement as opposed to, or in parallel with the condi-
tioning activity, considering that the proposed mechanisms

are similar. Nevertheless, recent reviews related to PAPE
show that numerous forms of prior voluntary activity can
improve subsequent neuromuscular performance, such
as barbell compound lifts, plyometric, ballistic, variable
resistance, resisted sprints and isometric activity [4, 14,
15]. These reviews have predominantly focussed on lower-
body PAPE conditioning activities and performance tests
[4, 7, 14] because of a paucity of research pertaining to the
upper-body, perhaps with the exception of bench press vari-
ations [14]. The recent increase in experimental research on
upper-body PAPE means it is now conceivable to perform
a more focused and up-to-date systematic review and meta-
analysis in this area.

Seitz and Haff [4] reported small and moderate PAPE
effects for jumping (effect size [ES]=0.31) and sprinting
(ES =0.50) performance, in addition to small effects for
throwing (ES =0.28) and upper-body ballistic performance
(ES=0.23). Whilst this suggests upper-body performance
can be aided by PAPE, important detail on the different types
and characteristics of individual upper-body PAPE condi-
tioning activities was often lacking. Furthermore, there may
be a need for a more up-to-date review inclusive of more
recent PAPE research in the literature. Considering the
above reasons, a more comprehensive and recent review of
literature on upper-body complexes is required.

Therefore, this study aims to conduct a systematic review
on the current evidence of upper-body PAPE condition-
ing activities. To do this, a systematic process of literature
searching, data extraction and quality assessment is con-
ducted. Data from relevant studies are collated and shown
as percentage changes and ES where possible. Finally, where
appropriate, a meta-analysis of similar study designs will
be performed. Considering the importance of upper-body
strength and power to many sports [16], a more comprehen-
sive and up-to-date review on upper-body PAPE could be
valuable for the coach and practitioner in assisting the selec-
tion and use of acute strategies to facilitate performance for
short-term, medium-term and long-term goals.

2 Methods
2.1 Literature Search

A review of the literature was conducted according to the
Preferred Reporting Items for Systematic Review and Meta-
analyses (PRISMA) guidelines [17] (Fig. 1). EBSCOhost,
SPORTDiscus, PubMed and Google Scholar databases were
searched until August 2021 for all studies pertaining to acute
upper-body PAPE. Several combinations of search terms
detailed in Table 1 were used. Reference lists of the identi-
fied manuscripts were searched manually.
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2.2 Data Extraction

The screening and data extraction process was carried out by
two independent reviewers (MF and RP) and included study
results, sample size, sex, experience level and strength lev-
els. Any discrepancies between the two reviewers were dis-
cussed between the authors until a consensus was reached.
Studies were assessed for methodological quality at the
study level using the Physiotherapy Evidence Database
(PEDro) scale [18]. Total PEDro scores are reached based
on satisfaction of criterion measures relating to participant
allocation, allocation concealment, blinding of participants,
therapists and assessors, and the provision of sufficient sta-
tistical information [18]. A total of 11 criterion measures are
assessed; however, criterion measures 1 and 6 are to assess

external validity and blinding of therapists who administered
the therapy, and are not included in the total PEDro score.
Therefore, a total score of 9 is attainable.

2.3 Study Identification and Selection

For inclusion in the review, the following criteria were
required to be satisfied: (1) randomised controlled trial or
pre-and-post study design; (2) studies explored the effects of
prior voluntary muscle activity; (3) evidence, or lack thereof,
of PAPE was quantified by the monitoring of individual per-
formance to commonly applied physical tests or sport-spe-
cific tasks; (4) conditioning activities and performance tests
were primarily upper body; (5) studies included a detailed
description of an appropriate, standardised warm-up; (6)

Fig. 1 Preferred Reporting ( N ("
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2 EBSCOhost SPORTDiscus PubMed Google
n=27 n=34 n =41 Scholar
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N
)
2
c Records after duplicates removed
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3
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~— ( Records excluded based on
titles and abstracts
' t n =54
v
iy
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- ~ interventions or additional
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Studies included in qualitative «  No standardised warm-up (8)
S synthesis
E N n=31 y,
2
A
e N
Studies included in quantitative
synthesis (meta-analysis)
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Table 1 Search criteria

Search terms

“Post-activation potentiation” OR “PAP” OR “post-activation performance enhancement” OR “PAPE” OR “warm-up” OR “contrast” OR
“complex” OR “acute” OR “acutely” OR “effects” OR “short-term” OR “preparedness” OR “pre-activation” OR “activation” OR “resisted
warm-up” OR “pre-competition” OR “neuromuscular” OR “strength” OR “power”

AND

“Upper-body” OR “throwing” OR “ballistic” OR “striking” OR “bench press” OR “dry-land” OR “exercise” OR “series” OR “bout” OR

“athlete” OR “athletic”” OR “sport”

full-text versions of studies could be accessed in English
language, in peer-reviewed journals. Studies were excluded
from the review if they included any of the following cri-
teria: (1) a conditioning activity or performance measure
that was primarily lower body, (2) long-term interventions
or considered other interventions, such as nutritional sup-
plementation; and (3) no details of a standardised warm-up.

2.4 Coding of the Studies

The same two authors that performed the data extraction
(MF and RP) performed the study coding. Specifically, stud-
ies that passed eligibility criteria were classified into groups
according to the conditioning activity performed, which
included bench press variations, sport-specific, bodyweight
and combined activity. The bench press variation category
included studies that explored the bench press and eccentric,
concentric, isometric and variable resistance variations of
the bench press. The sport-specific category included stud-
ies that investigated the use of a conditioning activity that
replicated the sporting task. This included modified imple-
ment throws, swing-specific activity in ball striking sports,
cable pulley and elastic resistance conditioning activities.
Studies that included only bodyweight activity, or included
a combination of exercises, were classified as such.

2.5 Risk of Bias Analysis

Articles that passed the eligibility criteria were ranked on
their methodological quality via the PEDro scale [18]. This
comprised the binary scoring (0/1) of whether articles fol-
lowed 9/11 discrete criteria, Table 2. Criterion 1 was con-
cerned with assessing external validity; therefore, it was
deemed not applicable for this review. Similarly, criterion
6 was omitted. Studies were subsequently scored on the
remaining nine criteria.

2.6 Reporting of Results

Results from the included studies are presented in the main
text and in Table 3 as percentage changes. Effect sizes were
also calculated, according to a previous review relating to
PAPE [4] and more recently [19]. Specifically, the ES were

calculated using Hedges and Olkin’s g (Hedges g) [20] as
follows (Eq. 1):

(Mpos, ~ Myre)
post pre
ES =g o ey
pooled
where M, is the mean of the performance test completed

after the conditioning activity, M, is the mean of the per-
formance test completed before the CA and SD ¢4 is the

pooled standard deviation of the measurements (Eq. 2):

((n; = 1) xSD? + (n, — 1) X SD?)

SD
(n; +n, -2)

pooled = B (2)
where SD? is the standard deviation of the performance test
completed before the CA and SD% is the standard deviation
of the performance test completed after the conditioning
activity. Hedges and Olkin [20] suggest the absolute value
of the ES is over-estimated where there are small sample
sizes. The authors advise that the ES should be corrected
(Hedges g*) as using the following equation (Eq. 3):

3

Correction factor = 1 — 0 F =1 3)

Seitz and Haff [4] note that this method is preferable in
pre-test and post-test design studies in meta-analyses, citing
Morris [21] who suggested that this method shows superior
properties with respect to bias, precision, and robustness to
heterogeneity of variance compared with other methods. The
corrected ES was then calculated as follows (Eq. 4):

Corrected ES = g X correction factor 4)

The following thresholds were used: trivial =0.20,
small =0.20-0.49, moderate =0.50-0.80, and large = >0.80
[22].

2.7 Meta-analysis

Where appropriate, a meta-analysis was performed using
RevMan, version 5.4 [23]. The standardised mean differ-
ence of pre-post changes was calculated, and heterogeneity
between studies was assessed by observing the I statistic,
at the following thresholds: 0—40% may not be important,
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Table2 PEDro scale quality Reference ® 2 3 4 5 6 7 8 9 10 11 Totl

assessment of the articles [21]
Ulrich and Parstorfer [25] - 1 0 0 0 - 0 1 1 1 1 5/9
Judge et al. [26] - 1 0 0 0 - 0 1 1 1 1 5/9
West et al. [27] - 0 0 0 0 - 0 1 1 1 1 4/9
Tsolakis et al. [28] - 1 0 1 0 - 0 1 1 1 1 6/9
Ferreira et al. [29] - 1 0 0 0 - 0 1 1 1 1 5/9
Abbes et al. [30] - 1 0 1 0 - 0 1 1 1 1 6/9
Krzysztofik [31] - 1 0 1 0 - 0 1 1 1 1 6/9
Krzysztofik and Wilk [32] - 1 0 1 0 - 0 1 1 1 1 6/9
Markovic et al. [33] - 1 0 1 0 - 0 1 1 1 1 6/9
Brandenburg [34] - 1 0 1 0 - 0 1 1 1 1 6/9
Esformes et al. [35] - 1 0 1 0 - 0 1 1 1 1 6/9
Montoya et al. [36] - 1 0 0 0 - 0 1 1 1 1 5/9
Bellar et al. [37] - 1 0 0 0 - 0 1 1 1 1 5/9
Bevan et al. [38] - 0 0 0 0 - 0 1 1 1 1 4/9
Bodden et al. [39] - 1 0 1 0 - 0 1 1 1 1 6/9
Kilduff et al. [40] - 0 0 0 0 - 0 1 1 1 1 4/9
Liossis et al. [41] - 1 0 0 0 - 0 1 1 1 1 5/9
Judge et al. [42] - 1 0 0 0 - 0 1 1 1 1 5/9
Gilmore et al. [43] - 0 0 0 0 - 0 1 1 1 1 4/9
Hancock et al. [44] - 1 0 1 0 - 0 1 1 1 1 6/9
Barbosa et al. [45] - 1 0 1 0 - 0 1 1 1 1 6/9
Martinez-Garcia et al. [46] - 0 0 1 0 - 0 1 1 1 1 5/9
Gelen et al. [47] - 1 0 1 0 - 0 1 1 1 1 6/9
Cuenca-Fernandez et al. [48] - 1 0 1 0 - 0 1 1 1 1 6/9
Bliss et al. [49] - 0 0 1 0 - 0 1 1 1 1 5/9
Feros. 2020 [50] - 1 0 0 0 - 0 1 1 1 1 5/9
Higuchi et al. [51] - 0 0 1 0 - 0 1 1 1 1 5/9
Williams et al. [52] - 1 0 1 0 - 0 1 1 1 1 6/9
Sarramian et al. [53] - 0 0 0 0 - 0 1 1 1 1 4/9
Smilios et al. [54] - 1 0 1 0 - 0 1 1 1 1 6/9
Asencio et al. [55] - 1 0 0 0 - 0 1 1 1 1 5/9

1 =criterion was satisfied, 0=criterion was not satisfied. Each satisfied criterion measure, excluding item
1 and 6, contributes 1 point to the total PEDro score (1-9). Criteria: (1) eligibility criteria were specified
(*not applicable); (2) random allocation; (3) concealed allocation; (4) groups similar at baseline; (5) blind-
ing of participants; (6) blinding of therapists who administered the therapy (*not applicable); (7) blinding
of assessors; (8) less than 15% drop-outs; (9) intention to treat; (10) between-group statistical analysis; (11)
point measures and variability data

PEDro Physiotherapy Evidence Database

30-60% may represent moderate heterogeneity, 50-90% may
represent substantial heterogeneity and >75% may represent
considerable heterogeneity [24].

3 Results

A total of 127 studies pertaining to the search criteria were
identified for further analysis, of which 16 duplicates were
removed. Titles and abstracts of the 111 manuscripts were
initially screened for their relevance, followed by a full-text
review of the remaining 57 relevant manuscripts to assess

their eligibility in accordance with the inclusion criteria.
After analysing eligibility, 31 studies were selected to be
included in the review (Fig. 1).

3.1 Risk of Bias Analysis

As identified in Table 2, the methodological quality of 26
studies was > 5/9, whilst five studies were classed as 4/9,
which translated to median score of 5. No studies were iden-
tified as < 4. Criteria 1 and 6 were omitted because of a lack
of relevance. Minimal information for criteria 5, 6 and 7 was
evident because of the nature of the experimental studies.
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3.2 Characteristics of Participants in the Included
Studies

Studies were published from 2005 to 2021 and included
a total of 565 individual participants. This comprised 404
male individuals and 101 female individuals, the sex of 60
participants were not provided. The participants were largely
of an athlete population (85%), with an equal distribution of
professional and amateur/recreational athletes as determined
by the participant information disclosed by the study’s
authors. The other 15% were defined as resistance trained.

3.3 Bench Press Variation Conditioning Activities

Bench press variations were the most frequently utilised
PAPE conditioning activity, with 14 studies including this
type of activity. This comprised the bench press, eccentric-
only bench press, concentric-only bench press and isometric
bench press, in addition to the ballistic bench throw and vari-
able resistance variations. All studies included low-volume
protocols, from 1 to 3 sets, of 1-6 repetitions as seen in
Table 3. Load varied across each bench press variation and
is described in more detail in the following sections. Rest
periods between consecutive conditioning sets, where appli-
cable, also varied between studies. This typically ranged
from < 1 min to 4 min, whilst one study comprised indi-
vidualised rest periods [27]. There was also disparity in the
rest period from the cessation of the conditioning activity,
and the following performance test between studies. Some
authors monitored performance at single timepoints, whilst
other authors reported data at multiple timepoints to identify
the time course of PAPE. Overall, this ranged from 15 s to
24 min post-conditioning activity.

Small-to-moderate (ES =0.06-1.34) performance
increases in ballistic bench throw power output following
a bench press variation conditioning activity were reported
in seven studies [25, 27, 35, 38, 40, 41, 54]. This translated
to a peak improvement ranging from~ 3.3 to 5.7%. Con-
versely, two studies reported no significant improvements
[28, 34] and one study reported a marginally detrimental
effect [35]. An~4.3% improvement in ballistic bench throw
was reported 8 min following 3 X 3 bench press at 87%1RM
in professional rugby players [27]. Other studies found 8 min
to be an optimal recovery duration to elicit PAPE following
bench press at similar loads, where several timepoints were
considered [25, 38, 41]. No improvements in the throwing
velocity of amateur handball players were found following
a bench press conditioning activity of 90%1RM [55]. Simi-
larly, no increases in throwing velocity of a light-weight
(0.55-kg) medicine ball were observed following several
sets of bench press [33], though improvements (~8.9%)
were observed in the 4-kg medicine ball condition. No
improvements were found in bench press power output when

preceded by 3 X 3 bench press at 85%1RM [31]. An increase
in power output was observed in the concentric-only bench
press, 7 min following a single set of bench press at 1IRM
[29]. Only a single study explored the use of a concentric-
only bench press to improve subsequent ballistic bench
throw in competitive rugby players [35]. The authors found
that a single set of 3 repetitions at 3RM induced a small
increase (~3.3%; ES=0.15) in the ballistic bench throw
power output. In contrast, concentric-only bench press did
not improve subsequent upper-body plyometric performance
[39]. No studies showed improvements in performance fol-
lowing an eccentric-only bench press conditioning activity
[25, 35]. No improvements in BBT power output were found
following an isometric bench press conditioning activity of
3% 3 s [28]. In contrast, an ~2.8%; ES =0.14 improvement
in power output in the BBT was found following 1 repetition
of isometric bench press of a 7-s duration [35]. A standing
isometric chest press variation did not elicit PAPE in expe-
rienced handball players [46], observed as no improvements
in overhead handball throwing velocity.

3.4 Sport-Specific Conditioning Activities

The following sub-sections highlight the results from stud-
ies where authors used sport-specific conditioning activities,
comprising either the sporting action or a conditioning activ-
ity that shared biomechanical similarities to the performance
test.

3.4.1 Modified Implement Throw Conditioning Activities

Three studies found that the use of overweight implement
throws, 3 min prior to competition weight throws, elicits a
performance enhancement, as observed by an increase in
distance (~1.7-8.5%; ES =0.14-0.33) [26, 37, 42]. A sin-
gle study found that a single set of six bowls of a heavier
(+10%) cricket ball did not improve accuracy or speed in
subsequent cricket bowls, compared to a control trial [50].
Indeed, similar results were reported in the lighter ball
(= 10%) condition [50].

3.4.2 Swing-Specific Conditioning Activities in Ball Striking
Sports

Five studies were included in the review pertaining to ball
striking sports [36, 43, 49, 51, 52]. Improvements in golf
club and ball speed (~1.4%; 0.9%) and carry and total dis-
tance (~2.6%; 1.4%) were reported following a prior condi-
tioning activity of light and heavy golf-specific implement
swings [49]. Likewise, a single study reported an increase
(~3.3%) in swing velocity after lighter baseball bat swings,
compared with a standard bat [36]. On the contrary, three
studies have shown a lack of improvement, and in some
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cases, a detrimental effect on performance, when prior
swings are performed with a heavier bat [36, 51, 52]. Two
studies [43, 51] have observed increases in bat swing veloc-
ity (~ 1.3-4.9%) following a conditioning activity of isomet-
ric bat swings.

3.4.3 Cable Pulley Conditioning Activities

Three studies explored the use of a cable pulley-type mecha-
nism as a ‘sport-specific’ PAPE conditioning activity [44,
48, 55]. An improvement in swim time (~0.9%) was reported
6 min following a PAPE conditioning activity of 4 X7 s of
resisted swim sprints [44]. One study found improvements
in rate of force development (~9.4%) and stroke rate in a
resisted front crawl swim, following a single set of three
cable pullovers [48]. However, the same study reported
decreases in several performance variables such as velocity,
power, force and acceleration when compared with a control
trial. No improvements in handball throwing velocity were
reported following eccentric conical pulley activity in ama-
teur handball players [55].

3.4.4 Elastic Resistance Conditioning Activities

Moderate improvements in peak (~13.4%; ES=0.71) and
mean (18.9%; ES =0.49) thrust and speed (~2.8%; ES 0.20)
were observed in international and national-level swimmers
following a conditioning activity of elasticated pulls, com-
pared with a control trial [45].

3.5 Bodyweight Conditioning Activities

Six studies included in the review investigated the efficacy of
bodyweight PAPE conditioning activities [25, 28, 30, 32, 49,
53]. An~4.9% increase in power output in the ballistic bench
throw was reported 8 min following a PAPE conditioning
activity of 1 x 10 plyometric push-ups [25]. In contrast, a
separate study found that 3 X 5 repetitions of the same con-
ditioning activity failed to elicit performance improvements
in the ballistic bench throw [28]. Another study reported
improvements in power output and bar velocity in the bench
press, following 3 X 5 plyometric push-ups [32]. A PAPE
conditioning activity of 2 X 10 plyometric push-ups in addi-
tion to 3 X 10 counter-movement jumps elicited increases
in clubhead (~1.4%; ES=0.27) and ball speed (0.8%; ES
0.17), and carry (~2.1%; ES=0.35) and total distance
(0.9%; ES =0.15) in skilled golfers, compared with a control
trial [49]. The addition of a single set of 3RM pull-ups to a
swimming warm-up did not induce performance benefits in
50-m freestyle swim time, compared to a control trial of the
swimming warm-up only [53].

3.6 Combination of Exercise Conditioning Activities

A single study asked tennis players to perform a combination
of exercises to explore whether such conditioning activity
could induce performance improvements [47]. An upper-
body dynamic warm-up elicited an~ 1.3% increase in ten-
nis serve velocity when compared with a traditional warm-
up. Further improvements were found compared with the
control trial, following a ‘ballistic six’ condition, whereby
athletes performed several upper-body rotational ballistic
movements.

3.7 Study Results

Table 3 displays the participant and experimental details,
and the results of the literature pertaining to upper-body
PAPE.

3.8 Meta-analysis

Because of the variations in the experimental design of the
studies (randomised controlled trial and pre-post), a meta-
analysis was appropriate for only one subset of studies that
included a pre-post-test design; the bench press and ballis-
tic bench throw (BBT) complex (Fig. 2). This was possible
because of the similarity in conditioning protocols and out-
come measure (power output in the ballistic bench throw).

Six studies investigated the effect of heavy (>80%) bench
press on power output in a subsequent BBT [25, 27, 35, 38,
40, 41]. The use of the heavy bench press as a conditioning
activity had a positive effect (p =0.03) on BBT performance
compared with baseline (ES=0.31; CI 0.03-0.58) [Fig. 2].
No heterogeneity was observed (I>=0%, p=0.98).

4 Discussion

This study aimed to perform a systematic review and meta-
analysis on the efficacy of upper-body PAPE conditioning
activities. Data suggest that several upper-body conditioning
activities can be used to acutely improve upper-body perfor-
mance. Findings varied between studies, at times because
of differences in experimental designs and procedures, as
discussed in later sections.

4.1 Bench Press Variation Conditioning Activities

As highlighted in the meta-analysis, the bench press with
loads of > 80%1RM can be an effective conditioning activ-
ity to elicit improvements in subsequent power output in the
BBT at 30-40%1RM [25, 27, 35, 38, 40, 41]. Only one study
[35] reported a marginally detrimental effect on BBT power
output. Peak power output was typically observed between
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8 and 12 min post-conditioning activity; however, this var-
ied because of the different timepoints considered. Where
performance at multiple timepoints was considered, three
studies reported a peak in BBT power output after 8 min rest
[25, 38, 41], whilst one study reported a peak at 12 min [40].
All of the above studies implemented a bench press protocol
of >80%1RM, which could suggest that a heavy load bench
press conditioning activity requires a considerable recovery
duration to induce PAPE. It should be noted, however, that
loads were rarely directly compared in the literature. Lios-
sis et al. [41] found 4 min was optimal recovery following
bench press at 65%1RM, whilst 8 min was considered opti-
mal for the 85%1RM load. This again highlights the trade-
off between fatigue and PAPE. Similarly, 7 min following
a bench press protocol at 90%1RM was sufficient recovery
to observe a significant increase in concentric-only bench
press power output [29]. Coaches and practitioners may wish
to use the bench press as a conditioning activity to evoke
PAPE in subsequent BBT; however, as noted by Seitz and
Halff [4], greater recovery durations may be needed where
high loads are used.

The only study that utilised a heavy bench press proto-
col on subsequent bench press power output found no sig-
nificant improvements [31]. However, the 3 X 3 protocol of
85%1RM in that study was described as ‘reps to failure’,
which is perhaps not synonymous with producing efforts
of maximum power output. Further research is needed to
analyse the effects of prior heavy bench press on subsequent
bench press power output.

Bench press also failed to elicit improvements in hand-
ball throwing velocity [55]. Firstly, the biomechanical differ-
ences between the conditioning activity and the performance
test are apparent [4], which may suggest the bench press
may not transfer to acute task-specific performance improve-
ments. A recent review found the greatest PAPE was typi-
cally observed > 5 min following high-to-moderate intensity
conditioning activities [4]. It could, therefore, also be plausi-
ble that the single measurement at 4 min [55] may not have
been sufficient recovery to reduce fatigue from the multiple
repetitions of 90%1RM bench press. The same limitations
applied to a study by Martinez-Garcia et al. [46], who found
no significant improvements in overhead handball throwing
velocity following a standing chest press with variable resist-
ance, with even shorter initial recovery durations. Markovic
et al. [33] also found bench press produced non-significant
differences in throwing performance 3 min following the
conditioning activity, where the medicine ball load (0.55-
kg) was similar to that of a handball. However, the latter
study did find a significant improvement (p=0.001; 8.3%)
in throwing distance at the same rest period, with a heavier
(4-kg) medicine ball. The bench press may have potential
in improving sport-specific performance such as throwing,
though this may be load specific [33]. The monitoring of

only one timepoint in both studies could mask potential
PAPE effects that manifest at greater recovery durations,
which may mislead the coach or practitioner on the efficacy
of such conditioning activities. However, it is worth not-
ing that several testing intervals may also negatively affect
subsequent performance due to fatigue, therefore requiring
careful consideration.

Only a single study [35] explored the use of concentric-
only bench press as a conditioning activity to improve BBT
power output, evidencing potential effectiveness. Similarly,
only one study explored the use of concentric-only bench
press on subsequent plyometric activity [39], finding it may
not be an effective method to acutely improve performance
in the plyometric push-up. Post-activation performance
enhancement was monitored at only one timepoint following
the conditioning activities in the two studies [35, 39], 12 min
and 1 min, respectively. Again, it is conceivable that perfor-
mance improvement could manifest at later timepoints, when
considering the time course of PAPE is thought to last for
several minutes [4]. In the initial minutes following the con-
ditioning activity, other mechanisms such as PAP may be the
basis of performance improvement [5], suggesting the 1 min
recovery period in the study by Bodden and colleagues is
inappropriate in relation to PAPE. This is especially true
when reflecting on the incremental high-volume protocol
involved [39]. The lack of studies exploring the efficacy of
concentric-only bench press to induce PAPE suggests the
evidence is unclear.

The evidence presented in this review suggests that eccen-
tric-only bench press does not induce a PAPE effect in BBT
power output [25, 35]. Both studies reported no significant
differences as a result of the conditioning activity. Though
high loads have been demonstrated to induce PAPE through-
out this review, the supramaximal nature (120%1RM) of the
conditioning activity in the study by Ulrich and Parstorfer
[25] may have induced too much fatigue, thus suppress-
ing PAPE. This is despite the lower number of overall reps
(1% 3) performed compared with bench press PAPE stud-
ies. Esformes et al. [35] used a lighter load, equivalent to
3RM, and found only a very marginal increase (0.8%) in
power output. Therefore, the PAPE-inducing capability of
the eccentric-only bench press on the BBT is not currently
supported by the literature.

The two studies that included an isometric variation
presented conflicted findings [28, 35]. Tsolakis et al. [28]
found no significant differences in BBT power output fol-
lowing isometric bench press. Further analysis revealed that
the female athletes possessed relative strength levels (bench
press 1RM as a percentage of body mass) of 0.62, noticeably
lower than the 1.01 achieved by the male athletes in the same
study. As strength level is a modulating factor of the PAPE
response [4], the large differences in strength levels could
explain the apparent lack of performance improvement.
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Post-PAPE Baseline Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Bevan et al. [38] 916 116 26 879 100 26 25.0% 0.34 [[0.21,0.88) T

Esformes et al. [35] 579 113 10 585 126 10  9.8% -0.05(-0.92,0.83] I E—

Kilduff et al. [40] 903 145 23 856 121 23 221% 0.35[-0.24,0.93] i
Liossi etal. [41] 555 61 9 534 58 9 86% 0.34 [-0.60,1.27) I Ea—
Ulrich & Parstorfer [25] 967 140 16 915 138 16 15.3% 0.36 [-0.33,1.08) T
Westetal. [27) 931 116 20 893 104 20 19.2% 0.34 [-0.29, 0.96) T
Total (95% CI) 104 104 100.0% 0.31[0.03, 0.58] &

Heterogeneity: Chi*= 0.70, df=5 (P = 0.98); F=0% t t t

Testfor overall effect: Z= 2.19 (P = 0.03)

S
Favours [baseline] Favours [PAPE]

Fig. 2 Forest plot for power output in the barbell bench throw pre and post a bench press conditioning activity at>80%1RM. CI confidence
interval, IV inverse variance, PAPE post-activation performance enhancement, SD standard deviation, Std standard

Specifically, stronger athletes are able to achieve greater
levels of PAPE (ES=0.41), compared with their weaker
counterparts (ES =0.32) [4]. It has been suggested that an
increased level of strength may make an individual more
resistant to fatigue following a conditioning activity, thus
responding more favourably than weaker athletes [4].

In contrast, Esformes et al. [35] did identify significant
improvements in subsequent BBT power output, where par-
ticipants possessed overall relative strength levels (bench
press 1RM as a percentage of body mass) of 1.11in the bench
press. Additionally, the latter study included only one max-
imal voluntary contraction, whereas Tsolakis et al. [28]
included three. Differing protocols and the ensuing fatigue
may contribute to the varied results, though the overall
contraction time was similar in both studies. The lack of
research makes it difficult to infer the effectiveness of an iso-
metric bench press conditioning activity in inducing an acute
performance benefit in the BBT. Efficacy may be contingent
on athlete strength levels, and by association, sex.

West et al. [27] reported increases in BBT power out-
put, 8 min following a 3 x3 BBT conditioning activity at
30%1RM. In contrast, separate trials of 1 x5 BBT at vari-
ous loads > 50%1RM did not influence BBT power output
after 4 min rest [34]. The disparity between the two studies
may be explained by the increased recovery time in the for-
mer study. A single set of 3 repetitions of BBT at 30% did
not elicit any differences in subsequent BBT performance
[54]. Interestingly, in the same study, a contrast protocol
of 1 x3 BBT at 30%1RM, followed by 1 x5 at 60%1RM
load did produce an improvement in power output at 3 min
(8.7%) and 5 min (10.4%), respectively. The differences at
the two timepoints again support the notion of optimal post-
intervention timing. The evidence suggests that the BBT as
part of a resistance exercise contrast or complex set may
be a promising conditioning method to induce PAPE, and
thus, improve subsequent performance in the same activity.
However, as is a common theme throughout, more research
is required to confirm this.

Further research could explore whether bench press
variations can acutely influence task-specific or sporting

performance. This would enable practitioners and coaches
to determine whether it has appropriate inclusion as a pre-
competition warm-up conditioning activity for athletes.
Though, as previously discussed, biomechanical specificity
and logistical issues mean more sport-specific PAPE con-
ditioning activities could be better alternatives for athletes.

4.2 Sport-Specific Conditioning Activities

Select studies explored the use of movement-specific com-
binations that involve the sporting action as the condition-
ing activity and performance test, thus greater specificity to
sporting performance. These complexes can be used more
widely for athletes outside of a weight room or laboratory,
for example, within the constraints of the competition warm-
up environment and are described in the sections below.

4.2.1 Modified Implement Throw Conditioning Activities

The current data suggest that warming up with overweight
implements could potentially improve subsequent throw-
ing for distance performance; however, the previous litera-
ture suggests there may be a limit to performance benefits
at increased loads [26, 37, 42]. A plausible reason for the
improvement could be due to the conditioning activities and
the performance tests being either identical or at least shar-
ing biomechanical similarities [4]. It is worth noting that
although the participants were trained in their respective
throwing disciplines, strength levels in the studies varied
[26, 37], whilst one study did not report this information
[42]. All studies shared a 3 min recovery period between
the cessation of the conditioning activity, and the perfor-
mance measure. Whilst this suggests that a 3 min period
may be sufficient to elicit a performance improvement fol-
lowing a throwing conditioning activity, the time course
of PAPE is purported to last several minutes [4]. Thus, the
lack of monitoring at several timepoints may underestimate
a ‘peak’ in the PAPE effect. Though, it is again worth noting
the potential negative performance effects that could arise
from excessive testing intervals. Nevertheless, on current
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evidence, warm-up throws with a marginally overweight
implement compared with the competition standard seem
to be an effective method of improving competition throw-
ing performance where increased distance is the primary
goal. Therefore, throwing coaches could consider adopt-
ing this well-practiced strategy either as a pre-competition
conditioning activity or in-between throws in training, once
individual athlete responsiveness has been established. In
contrast, the use of a heavy cricket ball, and indeed a lighter
cricket ball, did not yield any performance improvement in
cricket bowling speed and accuracy [50]. Again, the latter
study included a short recovery duration of 3 min between
the conditioning activity and the subsequent performance
test. Likewise, participant strength levels were not reported.

4.2.2 Swing-Specific Conditioning Activities in Ball Striking
Sports

Five studies were included in the review pertaining to ball
striking sports [36,43,49,51,52]. Bliss et al. [49] reported
improvements in speed and distance in the golf swing, 1 min
following prior swings with light and heavy implements,
compared with a control trial. The study by Bliss et al. [49],
and indeed all of the swing-specific sports included in the
review, comprised PAPE conditioning activities that shared
clear biomechanical specificity to the performance test in
terms of the movement pattern. Bat swing-specific isomet-
ric contractions of a 5-s duration seemingly induce a PAPE
effect on subsequent swing velocity [43, 51]. Gilmore et al.
[43] demonstrated a PAPE effect following 3 X 5 bat swing-
specific isometric contractions, in a group of athletes that
are not considered to be the strongest, whereas Higuchi et al.
[51] did not report strength characteristics. Interestingly,
the latter study showed an~ 1.3% increase in swing veloc-
ity after just 1 min of rest post-conditioning activity. The
evidence on the efficacy of weighted swings would suggest
it does not improve, and in some cases, may even be detri-
mental to subsequent swing velocity [36, 51, 52]. Where
Bliss et al. [49] reported improvements post ‘heavy’ swings,
this was actually of a similar mass to that of a standard golf
club, and was part of a protocol of contrasting implements.
Montoya et al. [36] reported an increase (3.3%) in swing
velocity after lighter bat swings, compared with a standard
bat. All studies pertaining to swing-specific conditioning
activities in ball striking sports had administered the ini-
tial post-performance test within 1 min of the conditioning
activity. Considering the proposed time course of PAPE and
the possible coexistence of PAP and PAPE [5, 16], any per-
formance improvements may not necessarily be solely attrib-
uted to PAPE. Despite the small body of work in the area,
the use of bat swing-specific conditioning activities in the
form of isometric contractions appear to be a useful method
for improving subsequent swing velocity. This method has

been applied in baseball and softball, though it may offer
a novel method for the coach and practitioner across other
sports that require upper body distal point velocity, such as
throwing or punching. The use of lighter weighted swings or
contrasting light-heavy swings may be useful in improving
subsequent swing-specific performance [36, 49]; however,
more research should explore the efficacy of this method.

4.2.3 Cable Pulley Conditioning Activities

Three studies explored the use of a cable pulley-type mecha-
nism as a ‘sport-specific’ PAPE conditioning activity. Asen-
cio et al. [55] did not find any improvements in handball
throwing velocity after eccentric conical pulley activity, with
the authors stating this was possibly due to the short recov-
ery time of 4 min. Hancock et al. [44] implemented a longer
recovery duration of 6 min following the swimming-specific
mode and found an~0.8% reduction in swim sprint time,
corresponding to just under a 1-s improvement. Cuenca-
Fernandez et al. [48] also administered a 6 min recovery
period to national-level swimmers post-dynamic stretching
and 1 X3 cable pull overs at 85% of 1RM. Compared with
a control trial of a swimming-only warm-up, rate of force
development and stroke rate improved in the 15-m front
crawl. Interestingly, the conditioning activity produced a
negative effect on variables such as velocity and distance
covered. More research is needed to understand the potential
benefits of the cable pulley or similar resistance, as a PAPE-
inducing conditioning activity.

4.2.4 Elastic Resistance Conditioning Activities

Only one study was included in the review that explored the
efficacy of a PAPE conditioning activity with elastic resist-
ance [45]. Increases in the thrust and speed of international
and national-level swimmers’ 25-m front crawl performance
was reported following 2 x5 elasticated pulls performed
8 min prior. The inclusion of only one study does perhaps
show an under-utilisation of elastic resistance to induce
PAPE. Elastic resistance has successfully induced a PAPE
effect in combat-specific actions [56, 57]; however, because
of the lower-body elements of the conditioning activities,
the relevant studies were not included in this review. There-
fore, future research should further explore the efficacy of
upper-body elastic resistance activity in inducing PAPE in
a variety of sports.

4.3 Bodyweight Conditioning Activities

Sarramian et al. [53] compared the effects of a swimming
warm-up inclusive of 1x3 pull-ups at 3RM, to a control
trial of just a swimming warm-up. The findings showed the
addition of the pull-up conditioning activity did not improve
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50-m freestyle swim performance to a greater extent than
the swimming warm-up, despite the inclusion of individual
rest times. The only study to explore the PAPE-inducing
effect of the push-up, included a 30-m freestyle swim as
the performance test [30]. The authors found no signifi-
cant improvements compared to a control trial of rest. A
number of factors could explain the lack of performance
improvement. Firstly, the protocol was reported as a 30-s
maximal effort. This conditioning activity may induce levels
of fatigue that would suppress any possible PAPE effect.
Indeed, the authors reported mean pre-swim blood lactate
levels of 3.6+0.9 mmol.I"! during the push-up trial, com-
pared with 1.9 +8 mmol.1"! at the same point in the con-
trol. There is also arguably little biomechanical specificity
between the push-up and freestyle swim technique; however,
it should be noted that it is not a requirement for the condi-
tioning activity to directly mimic the sporting activity [11].
Lastly, no information on the strength levels of participants
was provided by the authors.

Plyometric versions of the push-up have received more
focus in the literature. Ulrich and Parstorfer [25] found the
plyometric push-up to be an effective conditioning activity
to improve subsequent BBT power output by ~4.9% after
8 min. Both exercises share similar stretch—shortening cycle
principles, whereby a rapid eccentric loading is followed by
a rapid concentric push [58]. This again perhaps highlights
the importance of biomechanical specificity. Other authors
[28] reported only a marginal and non-significant increase in
BBT performance, when preceded by a plyometric push-up
protocol, comprising the same recovery time implemented
by Ulrich and Parstorfer [25]. However, the former study
included both female and male participants, with female
participants exhibiting considerably lower strength levels,
resulting in markedly greater strength levels in the study by
Ulrich and Parstorfer [25]. Krzystofik and Wilk [32] found
increases in peak power output and bar velocity 4 min post
3 x5 plyometric push-ups compared with a control trial;
however, both variables were weaker than the control trial at
12 min post. Krzystofik and Wilk [32] also reported consid-
erably greater strength levels in their study, compared with
that of Tsolakis et al. [28]. As PAPE seemingly manifests in
a greater magnitude in stronger athletes [4], this could partly
explain the different magnitudes of PAPE observed between
the studies. Additionally, Tsolakis et al. [28] instructed par-
ticipants to complete 15 overall repetitions compared with
ten in the study by Ulrich and Parstorfer [25]. Plyometric
push-ups performed alongside counter-movement jumps
elicited small increases in golf drive speed and distance
compared with a control trial [49]. The inclusion of the
lower body element, however, makes it difficult to attribute
the performance increase to the plyometric push-up.

In summary, it is not yet possible to infer the usefulness
of push-ups as a conditioning activity to induce PAPE.

However, the findings of three studies [25, 28, 32] suggest
that the plyometric variation of the push-up may have poten-
tial as a conditioning activity to induce PAPE in the bench
press, BBT or golf drive performance.

4.4 Combination of Exercise Conditioning Activities

One study included in the review was categorised on its own,
due to the combination of many types of activity [47]. Gelen
et al. [47] found increases in tennis serve velocity following
an upper-body dynamic warm-up, inclusive of movements
with the tennis racket. Interestingly, even greater benefits
were found following a ‘ballistic 6’ protocol, whereby the
tennis athletes performed a combination of upper-body
rotational movements with elastic resistance and imple-
ment throws. This suggests a conditioning activity inclu-
sive of ballistic movement may induce PAPE, as seen in the
previously discussed sport-specific sections. It is, however,
difficult to infer which activities are responsible for the per-
formance improvements.

5 Limitations

This review has demonstrated the potential of many upper-
body exercises in inducing PAPE, thus improving subse-
quent athletic performance. The following sections briefly
summarise the limitations of the included studies and that of
the current review, with accompanying recommendations on
potential future research direction and design.

5.1 Limitations of the Included Studies

Whilst PAPE and fatigue can coexist [59], the magnitude of
the two can be dependent on many factors, including but not
limited to, the type of conditioning activity and the recovery
duration. Unfortunately, the body of literature on upper-body
PAPE has typically consisted of varied conditioning activity
and performance test complexes, in addition to a range of
recovery durations, making it difficult to directly compare
findings. Researchers should ensure an appropriate time
course is applied in monitoring the response to a condition-
ing activity, particularly considering PAPE could last for
several minutes [4, 5]. This would also allow for the analy-
sis of individual PAPE responses [13], whereby an optimal
recovery duration could be implemented for individual ath-
letes. The reporting of group and individual characteristics
such as age, strength level and training history, to name a
few, would allow for a greater analysis of the relationship
between these factors, and the PAPE response in responders
and non-responders.

An element that has often been ignored in the pre-post
study designs is the effect of the warm-up on the apparent
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PAPE effect. The many benefits of a warm-up to athletic per-
formance has been established previously [1-3]. If it is cur-
rently accepted that the mechanisms of warm-up and PAPE
are similar [5], then it is difficult to isolate the two elements
and correctly attribute a performance enhancement in pre-
post study designs, in the absence of a control trial. There
are several examples in the literature where details of the
warm-up or the recovery durations between the warm-up,
conditioning activity and baseline tests were scarce. Future
studies should include a pure control trial inclusive of a
standardised warm-up and an experimental trial inclusive
of a standardised warm-up and conditioning activity, so that
potential performance improvements that may be observed
can be attributed to the conditioning activity, and not con-
founding variables [5]. An additional important considera-
tion for the warm-up that was neglected in many studies was
a lack of sport or ‘task-specific’ activity, which Blazevich
and Babault [5] note may invalidate the real-world applica-
bility of the warm-up.

The current review revealed 11 studies did not include
details on familiarisation trials, whereby participants ini-
tially become accustomed to the conditioning activities and
performance tests to be included in the experimental tri-
als to minimise potential learning effects [60, 61]. Lastly,
whilst research exploring the effectiveness of upper-body
conditioning activities on isolated sporting or exercise
tasks exists, there is seemingly a lack of research exploring
the PAPE effects on continuous competitive or simulated
match play. For a deeper understanding of how PAPE can
impact athletic performance, future research could consider
monitoring the effects of PAPE on performance to competi-
tive and simulated situations.

5.2 Limitations of the Current Review

The majority of studies in the bench press and BBT complex
meta-analysis comprised pre-post observational designs;
therefore, the pre-post standardised mean difference of stud-
ies could be calculated for the meta-analysis. The issues of
pre-post-test standardised mean difference to indicate treat-
ment effects in meta-analyses have been highlighted in
recent research, primarily because of an increased risk of
biased outcomes [62]. This can result in less reliable infor-
mation being calculated about the effects of an intervention,
as it only calculates the change within one group. Specifi-
cally, pre-post-test designs are not independent of each other,
and can be influenced by factors external to the intervention
[62]. Notwithstanding the above issues, the authors appreci-
ate that this type of analysis may still be considered useful
to the coach and practitioner in the absence of randomised
controlled trials, providing the data are interpreted with
caution. Additionally, because of the large variations in the
methodological approach between studies, meta-analyses of

the other conditioning activity classifications were not pos-
sible. Future research must aim for greater uniformity in its
methodologies. This would assist in the easier interpretation
of findings for the coach, practitioner and the meta-analyst.

6 Conclusions and Practical Applications

The current review highlights several upper-body condition-
ing activities that can potentially induce a PAPE effect on
athletic performance. Bench press was the most frequently
used conditioning activity, proving an effective method to
induce a 3.9-5.7% increase in BBT power output following
8—12 min recovery, where bench press loads were between
80 and 87%1RM. This may offer the coach and practitioner
a useful complex to improve athlete upper-body strength and
power. The eccentric bench press, however, seemingly does
not improve subsequent BBT performance, and may indeed
impair performance when prescribed at supramaximal loads.
Further research is needed to identify the efficacy of other
bench press variations such as concentric only, isometric,
and ballistic on subsequent ballistic, plyometric and throw-
ing performance, as the literature is currently conflicted.
This is important for the coach and practitioner, as under-
standing whether bench press variations transfer to improved
‘sport-specific’ movements may influence potential warm-up
or resistance training complex prescription, in non-power-
lifting athletes.

This review supports the prescription of overweight
implement throws, prior to competition throw performance
where the aim is for maximum distance. Coaches and
practitioners could utilise this method in the pre-competi-
tion warm-up with throwing athletes, though they should
consider whether there will inherently be a weight limit,
whereby an increase in the overweight throw implement past
a specific threshold may yield diminishing returns. Like-
wise, this review found movement-specific bat swing activ-
ity, in the form of lighter-weighted bat swings and isometric
swings, could be promising strategies to acutely improve
swing velocity. This strategy could perhaps improve distal
point velocity, which could extend the application to strik-
ing sports such as boxing, whereby peak fist velocities is an
important factor in effective punching.

Other movement-specific complexes that could have
potential include resisted activity with a cable pulley type
mechanism, select bodyweight activity and elastic resist-
ance, though there is currently either conflicting results or
a lack of literature on these conditioning activities. When
volume is kept relatively low, this review also highlights the
potential efficacy of the plyometric push-up, in improving
subsequent ballistic performance in well-trained athletes.

Movement-specific combinations appear to be more
successful in producing a performance improvement, in
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agreement with recent reviews on whole-body acute PAPE
[4, 16]. The coach and practitioner may wish to utilise some
of the upper-body conditioning activities highlighted in this
current review. Coaches and practitioners should, however,
interpret the data with caution, owing to the many limita-
tions in the previous literature that are highlighted through-
out. To combat this, the authors have provided a very brief
guidance on how future PAPE research could be improved.
It is hoped this may assist in a greater uniformity in the
methodological approach, a wider appreciation of poten-
tially effective exercise modes outside of powerlifting tech-
niques, and thus, a greater understanding of PAPE efficacy
for coaches and practitioners.
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