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Abstract: Background: Post-activation performance enhancement (PAPE) protocols are
increasingly being used to acutely boost strength and power in resistance training. The
objective of this systematic review was to determine how PAPE interventions influence
barbell velocity in the bench press among trained individuals and address the following
research question: which conditioning activities (CAs), rest intervals, and loading strategies
most effectively enhance bench press velocity parameters under PAPE conditions? Methods:
This systematic review, conducted according to PRISMA guidelines, searched PubMed,
Scopus, SpringerNature, EBSCO, and Web of Science up to 31 January 2025 for studies
involving healthy adults (18-50 years) that employed bench press or related conditioning
activities intended to induce PAPE, and assessed barbell velocity (peak or mean). From
pool of 111 records, 7 studies (total n = 125 males, 23-29 years old, >2-year training
experience) met the inclusion criteria. The methodological quality of included studies was
moderate (5/10 on the PEDro scale). Results: Submaximal loads (70-80% 1RM) applied
for one to three short sets, with rest periods of around four to five minutes, frequently
improved peak velocity (by up to 7%) and peak power (by up to 15.9%). Conversely,
heavier loads (>85% 1RM) and insufficient rest tended to offset these benefits due to fatigue.
Blood flow restriction or ischemic preconditioning strategies produced positive velocity
outcomes mainly at lower loads (20-50% 1RM). Conclusions: These findings suggest
that PAPE interventions can enhance bench press barbell velocity in trained individuals.
Effectiveness, however, depends on training status, volume, load intensity, and recovery
intervals. Future randomized controlled trials with larger samples, standardized reporting,
and the inclusion of female athletes are recommended to refine and generalize PAPE
applications for upper-body strength and power development.

Keywords: strength training; VBT, conditioning activity; speed; post-activation potentiation
enhancement

1. Introduction

The bench press exercise is undoubtedly one of the most common sights in public
gyms. It serves as a foundational movement in many sports disciplines that require the
development of strength and power, such as powerlifting or combat sports [1-3]. It is
also recognized as one of the fundamental resistance exercises in both professional and
recreational training settings [4]. Therefore, for years, the bench press has been a focal point
for intensive exploration of training processes, potential benefits, contraindications, and
guidelines for this movement pattern across different population groups [4,5].
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Coaches and individuals with considerable experience in strength training employ
various activation methods aimed at temporarily or permanently increasing performance in
the context of training adaptations or achieving better sports results [6,7]. When analyzing
the current scientific literature, the most common among these methods include blood flow
restriction (BFR), the use of training devices such as barbell velocity trackers, and, ultimately,
eliciting post-activation performance enhancement (PAPE) through these techniques [8-14].

In recent years, the PAPE effect has been classified as a distinct phenomenon, dif-
ferentiating it from the post-activation potentiation (PAP) effect [15,16]. Authors of one
publication comparing both phenomena hypothesized that the PAPE effect may be di-
rectly linked to neural mechanisms, which are not observed in the PAP effect [15]. The
PAPE effect induces short-term modifications in the neuromuscular system, driven by
processes occurring at the cellular and biochemical levels [15]. One key mechanism is the
phosphorylation of myosin light chains in type II fibers, which increases the sensitivity
of the actin-myosin complex to calcium ions, thereby facilitating cross-bridge formation
and accelerating force development [17]. Additionally, a higher calcium ion concentration
promotes faster recruitment of high-threshold motor neurons, responsible for generating
greater power [18]. At the same time, beneficial changes in temperature and cellular hy-
dration have been observed following intense muscle contractions, resulting in improved
conditions for myofilament function [15]. These multi-level modulations, together with
a possible increase in neural drive, lead to enhanced strength and dynamic performance
across subsequent training sets, offering practical benefits for those aiming to improve
power and explosiveness in specific movement patterns [17].

Researchers across various sports disciplines have been seeking the “golden mean”
for inducing performance enhancement in the simplest and most efficient way possible [7].
In sports disciplines where the ability to generate force and power quickly is key (e.g., in
the context of high jumps), activation exercise methodology has been based on plyo-
metric exercises, submaximal load squats in different variations, or mechanical methods
such as BFR [19,20].

Unfortunately, there is still a lack of high-quality studies that would allow for the
formulation of strong hypotheses in this area.

In relation to the bench press, research to date has mainly focused on the impact of
higher loads (>80% 1RM) on maximal strength or strength endurance parameters [21,22].
The PAPE effect has relatively rarely been analyzed in the context of barbell move-
ment velocity. Meanwhile, the literature on velocity-based training (VBT) clearly indi-
cates that monitoring barbell speed is crucial for regulating training intensity and objec-
tively determining fatigue levels [23]. A relative increase in fatigue levels translates into
poorer sports performance and achieved results, which poses a significant challenge in
advanced training [1,24].

A relative decline in power and movement velocity with heavy loads may lead to a
lack of progress in strength development or, ultimately, the inability to set new personal
records during competitions [25].

Applying the PAPE effect as a tool to counteract this issue involves consciously
using active rest periods that include a conditioning activity (CA) aimed at stimulat-
ing the neuromuscular system for more effective performance in subsequent efforts [26].
Literature suggests that even one set (or a few sets) with a high but submaximal load,
performed at a specific tempo and with a precisely selected time interval between the
CA and the main task, may be sufficient for short-term improvement in bench press
performance parameters [27,28].

A very important component here is the timing between the conditioning activity and
the execution of the target effort, which has varied in studies from 3 to even 10 min. Opti-
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mizing this interval largely depends on individual factors, such as training level, current
state of the nervous system, and previous experience with high-intensity training [7].

Key determinants of concentric phase performance in the bench press include power
output and barbell velocity parameters. The PAPE effect can effectively influence all these
metrics; however, there is currently limited scientific literature defining optimal durations
for the conditioning activity or describing a clear protocol for selecting methods that elicit
this effect.

For instance, some studies have employed sets with 70-80% 1RM combined with short
(3—4 min) or moderate (5-8 min) rest intervals, resulting in peak velocity increases by more
than ten percent in the subsequent set [29,30]. Others have used blood flow restriction
(BFR) with slightly lower loads (20-50% 1RM), aiming to stimulate motor units through
tissue hypoxia and thus increase barbell velocity in subsequent attempts [31-33]. However,
the results of these experiments are often inconsistent, which further complicates the ability
to draw uniform conclusions.

From a practical training perspective, the choice of the optimal method for inducing
the PAPE effect should consider not only the current phase of the training cycle but also the
type of target effort (short and intense sets vs. longer strength endurance efforts), as well
as the individual specificity of the athlete (e.g., training level, potential health limitations).
Although the PAPE concept is not entirely new, it has only recently gained popularity in
bench press research, highlighting the need for an updated and synthesized understanding
of the current scientific evidence.

Despite the growing number of publications on this phenomenon, there is still a lack
of a consistent and detailed systematic review synthesizing knowledge on the effects of
PAPE protocols on barbell velocity in the bench press among trained individuals (including
advanced and elite athletes). Previous studies have often been fragmentary, discussing
PAPE effects in various exercises (e.g., jumps, squats) while neglecting the bench press.
Moreover, there is a lack of comprehensive analysis of differences in outcomes based on
rest intervals, applied loads, number of sets, and the presence (or absence) of a control
group. Therefore, the objectives of this systematic review are as follows:

»«  Toidentify and compile available studies assessing post-activation performance en-
hancement (PAPE) protocols in the bench press among trained individuals (paying
particular attention to advanced and recreationally trained populations).

»  To analyze the impact of the applied conditioning activities (CAs) on barbell velocity
(peak velocity, mean velocity), and—where data are available—on power parameters
(peak power, mean power).

s To determine the key moderating factors influencing the effectiveness of PAPE proto-
cols, such as the type of CA, rest interval between CA and the target effort, applied
load magnitude, number of sets, and participants’ training experience.

2. Methods
2.1. Literature Search

The systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Figure 1). The
review registration was performed a posteriori on 1 April 2025. The review has been
registered in OSF database: https://doi.org/10.17605/OSFIO/R9X2Y. One of the authors
(K.K.) searched the Scopus, PubMed, SpringerNature, EBSCO, and Web of Science databases
for studies up to 31 January 2025 involving the PAPE effect and measurements of barbell
movement velocity in the bench press. The following keyword combinations were used in
each database. The focus was on ensuring the highest possible relevance to the selected
topic in order to filter out publications unrelated to the subject matter.
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Identification

Screening

Included

\

Identification of studies via databases ]
Records removed before
Records identified from: scre[;e: "I1igc:ate records removed
Databases (n = 111) —> (n 520)
Records removed due to lack
of full text (n = 3)
\ 4
Records screened Records excluded
(n=88) (n=28)
\ 4

Reports sought for retrieval Reports not retrieved

(n=80) (n=7)

Reports assessed for eligibility

(n=63) —”| Reports excluded:
Interventions unrelated to
resistance training
(n=7)
No kinematic measurements
(n=28)
Case reports, letters to the
editor, conference abstracts

. . . without full data (n = 12)
Stu-dl_,es included in review Participants with a diagnosed
(n=7) medical condition (n = 9)

Figure 1. PRISMA flow chart.

The following keywords were used for the search:

(“post-activation potentiation” OR “postactivation performance enhancement” OR
pape OR “post-activation” OR “postactivation”) AND (“barbell velocity” OR “movement
velocity” OR “lifting velocity” OR “bar velocity” OR “velocity-based training” OR vbt)
AND (“bench press” OR “bench” OR “powerlifting” OR “resistance training” OR “strength
training”) AND (“advanced athletes” OR “trained individuals” OR “resistance-trained”
OR “strength-trained” OR “powerlifters”)

2.2. Data Extraction

The screening and data extraction process was carried out by two authors (K.K. and
L.R.) and included variables such as training experience level, study outcomes, applied
measurements, and sample size. Duplicates were removed manually. Any discrepancies
were discussed with the third author (T.A.) regarding the inclusion of data in the overall
analysis until a consensus was reached. The methodological quality of the studies was
assessed using the Physiotherapy Evidence Database (PEDro) scale.
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2.3. Study Identification and Selection

The review included studies that met the criteria developed based on the PICO model

(Table 1). Only publications in English were included, with no specific time range for the

publication date up to 31 January 2025. Publications that were excluded included case

reports, letters to the editor, conference abstracts lacking full data, and those for which the

full text was not available.

Table 1. Inclusion and exclusion criteria based on the PICOS framework.

Inclusion Criteria

Exclusion Criteria

Population -

Adults aged 18-50, healthy, with no
contraindications to resistance training.
Participants with experience in strength
training (recreational or professional athletes).

Individuals with contraindications to
resistance training or with serious health
issues that could affect the reliability of
the results.

Intervention

Various types of resistance training
protocols or methods focusing on the bench
press and their impact on

movement kinematics.

Interventions include the measurement of
barbell velocity (e.g., mean or peak), power
(mean/peak power), and/or other
kinematic parameters during the

bench press.

Studies in which the intervention does not
involve strength/resistance training.
Protocols that do not focus on the bench
press as the primary exercise.

Lack of kinematic measurements.

Comparison

No intervention, a different type of physical
activity, or a different resistance training
protocol (e.g., bench press with different
loading parameters), provided the study
includes a control or comparison group.
Alternatively, a comparison of different
protocols (e.g., with and without additional
activation methods).

Outcome -

Changes in barbell velocity parameters.
Changes in power parameters.

Lack of complete data preventing
interpretation of the results.

2.4. Effect Measures

In this systematic review, the primary outcome variables were the kinematic parame-

ters of the bench press, specifically:

e  Peak velocity (PV)—the peak velocity of the barbell.
e Mean velocity (MV)—the average velocity of barbell movement in a given set

or repetition.

e  Peak power (PP)—the peak power output during the movement.

e  Mean power (MP)—the average power generated in a set or repetition.

Due to the heterogeneity of the studies and the limited ability to conduct a full meta-

analysis (stemming from the lack of a unified measurement protocol and varying methods

of reporting results), the main effect measures presented in the included studies were:

Change in mean values—e.g., an increase in PV (m/s) following a PAPE protocol

compared to a control condition or baseline values.

Percentage change (%A)—most commonly reported in the original publications,
e.g., “+7% PV” or “+15.9% PP” relative to the baseline.
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Where statistical significance values were provided by the authors of the source studies,
a p-value < 0.05 was considered the threshold for significance. Since the majority of studies
reported PAPE effects in the form of percentage increases or decreases in barbell velocity or
power, no standardized effect size measure (e.g., Cohen’s d, Hedges’ g) was calculated.

Unfortunately, data presented as 95% confidence intervals (CI) were rare in the
original articles, making it difficult to precisely define the range of measurement
uncertainty (Table 2).

Table 2. PEDro scale for the included studies.

PEDro Items Krzysztofik et al. K:zzs\f\;?lflik Ribeiro etal. Salagasetal. Wilket.al. Jaroszetal. Wilketal.
(2022) [34] (2021) [29] (2022) [30] (2020) [33] (2021) [31]  (2020) [32]
(2020) [271]

1. Randomization + + + + + + +
2. Allocation ) ) ) i i i
concealment

3. Comparability

. + + + + + + +
at baseline

4. Patient blinding - - - - - - _
5. Therapist . ) ) i i i )

blinding
6. Assessor ) ) ) i i i i
blinding
7. At least 85%
+ + + + + + +
follow-up

8. Intention to treat - - - - - - _

9. Between-group

. + + + + + + +
comparisons

10. Point Measures

+ + + + + + +

and variability

Total 5/10 5/10 5/10 5/10 5/10 5/10 5/10

PEDro items: 1. Randomization; 2. allocation concealment; 3. comparability at baseline; 4. patient blinding;
5. therapist blinding; 6. assessor blinding; 7. at least 85% follow-up; 8. intention to treat analysis; 9. between-
group statistical comparisons; 10. point measures and measures of variability. Marks: (+), item fulfilled; (-), item
not fulfilled.

In cases where the effects of different types of conditioning activities (e.g., traditional
bench press, occlusion variants, cambered bar bench press, etc.) were analyzed, the differ-
ential effect (effect size) was usually presented as the percentage increase or decrease in
specific parameters (PV, PP, MV) relative to baseline or control values. This allows for a
qualitative comparison between intervention variants and supports conclusions about the
effectiveness of PAPE protocols.

2.5. Assessment of Study Quality

The PEDro scale was used to assess the quality of the included studies. Two authors
(L.R. and K.K.) independently evaluated the methodological quality of each publication.
In cases where difficulties arose in classifying a study, discussions were held with a third
author (T.A.) to reach a consensus. The maximum possible score on the PEDro scale is
10 points. Studies scoring more than 6 out of 10 are generally considered to be of “high” or
“moderately high” methodological quality. According to current literature, these thresholds
may vary in interpretation. The detailed scoring criteria, along with an analysis of the
included publications, are presented in Table 2.
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3. Results
3.1. Risk of Bias Analysis

The overall PEDro score range for the included studies is presented in Table 2. The
methodological quality for all seven included studies was rated at 5 out of 10, indicating a
moderate level of methodological quality.

3.2. Characteristics of the Study Participants Included in the Review

In total, the studies included 125 male participants aged between 23 and 29 years, with
training experience ranging from 2 to 12.7 years. The body mass of individual participants
collectively ranged from 77.2 to 94.3 kg. The studies included in the review focused
exclusively on strength-trained populations, with one-repetition maximum (1RM) values
ranging from 95.8 to 168.5 kg. The vast majority of participants (85%) were classified as
advanced or high-level recreational lifters, while the remaining 15% had at least two years
of training experience. None of the studies included female participants [27,29-34].

3.3. Bench Press Variations as Conditioning Activities

In four studies, different variations in the bench press were used as conditioning
activities (CA) in the context of the PAPE effect [30-32,34]. These included the following:
standard bench press with 80% 1RM performed until a 10% drop in mean velocity [34], non-
traditional barbells such as the cambered bar (CMB) and reverse cambered bar (RCMB) [34],
blood flow restriction (BFR) bench press at 70-90% arterial occlusion pressure (AOP) [27,31],
and combined protocols (IPC + PAPE) using 90% 1RM loads [30].

The highest increases in peak velocity (PV) and peak power (PP) were observed with
the standard bench press (STD), reaching +7.0% and +15.9%, respectively [34]. The use
of non-traditional bars (CMB and RCMB) resulted in smaller gains: PV +2.2-2.6%; PP
+5.6-7.3%. Blood flow restriction (BFR) with light loads ranging from 20 to 50% 1RM
increased PV by 5.99-17%, but no effect was observed at >60% 1RM [31,33]. Ischemic
preconditioning (IPC) improved mean velocity (MV) by 6.5-9% in the initial sets; however,
the combination of IPC + PAPE did not demonstrate a synergistic effect [30].

3.4. The Impact of Rest Interval and Load Modifications

It was shown that adjusting the rest interval within the range of 4 to 10 min does
not significantly affect PV /PP values, which are key components of barbell movement
velocity [27]. Rest periods shorter than 3 min were associated with decreased performance
in subsequent sets, such as a —6.4% drop in PV in the third set during BFR protocols [33].
No significant changes in PV /PP were observed when loads exceeded >80% of 1RM [30].

3.5. Main Findings

The use of low-volume conditioning activities (CA), consisting of one to three sets with
loads ranging from 70 to 80% 1RM and rest intervals of 4 to 5 min, maximizes the benefits
related to barbell movement velocity parameters. Excessive training volume, as well as
loads exceeding >85% 1RM combined with inappropriate rest periods, lead to fatigue that
counteracts the PAPE effect. The use of occlusion techniques and their variations (BFR,
IPC) is effective when applied with low loads. A comprehensive analysis of the included
studies is presented in Table 3.
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Table 3. Characteristics of the studies included in the systematic review.

Control Time from Peak Velocity Peak Power II}/I s:nr Vl\/fea.n Number of
Reference Participants Familiarization Warm U Warm-U Conditioning Activit Improvement Improve- owe elocity umper o Results
P p 8 y p p
Group to CA [%] ment [%] Improve- Improve- Repetitions
° ° ment [%] ment [%]
Three .
preliminary Stand'ard . A 5 min One set of bench press Among the tested variations,
. protocol: 5 min interval o . .
sessions were at 80% 1RM was the greatest increase in peak
10 males: Age: conducted: of upper-body was erformed until a 10% velocity and peak power
. 8¢ : ergometer applied P . . CA: variable . peakp
26+ 3; 1RM tests . drop in mean velocity. . o during bench press throw
. BM:93.2 £ 9.4 kg (standard exercise; two between This was performed CTRL: +2.3% CTRL: +4.2% number of (BPT) was observed
1. Krzysztofik A 5 . ’ sets of torso the end of p e STD: +15.9% repetitions .
Training experience: cambered, and across three separate STD: +7.0% o No data No data . o following the standard bench
etal. (2022) Yes and shoulder the p CMB: +7.3% (until a 10% g
[’,% 4] 6.3 £ 2.4 years; reverse rotations warm-u sessions using CMB: +2.6% RCMB: available. available. velocity drop); press (STD) used as the
. BP 1RM: cambered bars) ushotups e,tc and thep different barbell types: ~ RCMB: +2.2% +5.6% BPT?’t P); conditioning activity (CA).
1.54 kg £+ 0.2kg/bm and trials to p ps, etc. standard (STD), e :wo Shorter (RCMB) or deeper
BP 1RM/BM = 1.54 d . Warm-up sets start of the repetitions. .
=1. etermine a e cambered (CMB), and range of motion (CMB)
o performed at conditioning .
10% mean 30%. 50%. and activity reverse cambered resulted in a smaller effect
Vte}ii)gétgoll(;ss 70% of TRM. (CA). (RCMB). compared to STD.
Baseline Ani in barbell
One 5 min on an test (three r(limc; eaie n bar be pozlvgr
reliminar upper-body repeti- o t‘llle (f)'CI ty V\]'cafs 101 wing
Is)es ion ay ergometer tions at le 1rs ts‘_s ° c})lwmg
24 males: sion was (100 W) 70% 1RM) ) PyOmetric push-ups.
A conducted: Three sets of five However, in subsequent sets
Age: 245+ 26 1RM - followed by followed 1 . h . .
] BM: 84.8 + 8 k testing two circuits of by condi- plyometric push-ups Main test (BP):  (second and third), the values
2. Krzysztofik .. <8 followed b . y o 1 mi t +5.1% (in thy +7.3% (in the . h d d below baseli
y! . y (1 min res 1% (in the .3% (in the o o [+ three ropped below baseline
And Wilk Training experience: Yes three sets of exercises tioning between sets) 1st set after the 1st set after +2.6% (in +4:4% (in titi i levels. N h fluctuati
6.3 £ 2.5 years - (squats, torso activity (in A the Istset)  the st set) reperiions n eve's. VO Such Tuctuations
(2020) [27] BP 1RM: three repetitions rotations cither the CONT group: 4 min CA) the CA) each of the were noted in the control
1058 £ 9.9 kg 01; et?:;e;l()cl)l;l push-ups;, PAPE or on an uppe:—body three sets. grozp. Thls iggtgestslthat a
BP IRM/BM = 1.25 PR eith then 15/10/5 CONT ergometer. Ficiont for @ onorti
4 mi;1 rest repetitions at group) _ surhicien Otr]i Otn;_ me "
intervals 20/40/60% then a 4 B e affoct aoraas
. of IRM. min rest sustain the effect across
interval. multiple sets.

The greatest increase in mean
velocity (MV) was observed
in the first set following the

Two sets (six specific warm-up (statistically
1RM was repetitions Approx. +1% sig_niﬁ‘ce‘mt difference).
22 males: Age: determined eacll;é)“;\;lth Thr ts of six improvement Aﬁ%ﬁ?x' Approx. No sfl gmféc,'ant dlfliere{lce:
23.50 + 2.15; using the di e 8ets o 850"/ (across the . °. +10.6% . i, Trere found n peax velocity
o BM: 77.23 + 8.93 kg load—velocity corresponding repetitions at 80% entire training increase in increase Six repetitions (PV) or average power across
3. Ribeiro et al. Trainine experience: No relationshi to 40% and 80% 5 min 1RM in the bench session); No data the 1st set (from 0.47 in each of the the entire training session; the
(2021) [29] At le§s ¢ Zpyears : data through P of the target press (each set PV for the ,1$t available. (not statis- t0 0 5‘2 three sets (basic improvement was most
BP 1RM: No data progressively 80 /°. IRM separatgd by a 3 min set was not t}cal'ly m/s in the training block). prqn@qnced d1'1r'mg the
available increasin. (1 min rest rest interval). reported signifi- first set) initial repetitions.
loads g between sets); se 1:; ratel cant). ’ The authors concluded that a
: followed by p ¥ submaximal warm-up

5 min of rest.

(40% + 80% of the target load)

facilitates faster attainment of

higher barbell velocity in the
first sets.
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Table 3. Cont.

Time from Peak Velocity Peak Power Mean Mean
Reference Participants gontrol Familiarization Warm Up Warm-Up Conditioning Activity Improvement Improve- Power Velocity Numl?e.r of Results
roup to CA [%] ment [%] Improve- Improve- Repetitions
ment [%] ment [%]
Three experimental
Standard conchhons: . +7.8% (IPOC ) IPC in . Main part Short-term occlusion (5 min)
IPC—5 min occlusion and +8.5% sets 1-3: .
warm-up o b (after CA): 12 s improved both mean and
. at 100% AOP, then (PAPE) +6.5-9% o
12 males: Age: Two (5minona A . A . of work per set peak barbell velocity in sets
- i . ; pprox. 5 min reperfusion; compared to vs. CTRL; o, .
25.8 &+ 6.0; preliminary stationary bike, . . at 60% 1RM. 1-3 (higher than control),
. . 0.5-10 min PAPE—one set of CTRL (average PAPE in . .
BM:79.7 £ 89 kg sessions: 5 min of (depend-  three reps at 90% 1RM; across four sets 24 The number of with a lower RPE. A single
4. Salagas etal.  Training experience: Y 1. 1RM testing dynamic in p 1 th IPC + I? APE—. ; t, ts), while th No data No data +67-8 9,,'/ repetitions was set of three reps at 90% 1RM
3 o data available . Measurement stretching) + " available. available. variable (eac enhanced barbe
2022) [30] Nod ilabl S 2 M hing & on the oneset  sels), whie e ilabl ilabl R iable (each PAPE) enhanced barbell
. . e protocol: of three reps at 90% PAPE + IPC vs. CTRL; .. . . .
BP 1RM: of full arterial specific R i participant velocity, particularly in
. . IPC/PAPE/ 1RM, then 5 min IPC. condition PAPE +
95.8 +13.3 kg) occlusion warm-up: combination) All eroups then showed 1o IPC onl performed as sets 2—4.
BP 1RM/BM =1.20 pressure (AOP) two sets with ' sroup e . y many reps as The combination of
: performed four sets significant inset 1: N
submaximal h) of h iff P o possible IPC + PAPE produced an
load (50-75%) (125 each) of benc difference from +5.8% vs. within 12 s) effect only in the first set
’ press at 60% 1RM with CTRL. CTRL. : Y :
maximal velocity.
I-BFR: Occlusion at
bl()féi"ﬁgglf Sp e}:haidd At loads of No Both intermittent occlusion
Three 5minona Immediately removed after reps: 3 20-50% 1RM: increase (I-BFR) and continuous
12 males: Age: preliminary stationary bike  before the min rest Witho}lj_lt/ approx. observed. occlusion (C-BFR) increased
. .66; sessions, + genera set (I- , . +12-17% ition- o fixe eak barbell velocit; at
23.2 4 2.66 i g 1 (I-BFR) occlusion 12-17% PV Additi No fixed peak barbell velocity (PV)
1 75. . includin, upper-bo continu- R . compared to ally, number o ow to moderate loads
BM: 75.3 + 6.33 kg including 1RM pper-body i C-BFR: C ntln. pared Iy, BER ber of It d load:
5. Wilk et al. Training experience: Y testing, along warm-up, ous lusi ’ (; 7()0/ug:gp control (for No data No data did not repetitions— (20-50% 1RM) by 12-17%
(2020) [33] 5.7 & 2.93 years; €s with followed by during oce u:rll(:ilnataine(; both I-BFR and available. available. reduce each set compared to the control
BP 1RM: familiarization basic rest throughout (~23 min) C-BFR). mean performed to condition. No differences
101.8 +13.9 kg) with BFR and preparatory (C-BFR), Bothg rotocols: eight At >60% velocity failure. were observed in mean
BP 1RM/BM =1.35 movement sets leadingup  or no BFR tp % tw r. 8 1RM—no (MV) at velocity (MV). Occlusion had
tempo. to 1RM testing. (NO-BFR). loascelifl fror?l 2e0p0/s, to increase higher no negative impact on barbell
90%g1RM (100/: observed. loads. velocity at loads >60% 1RM.
increments).
10 males: Age: rel%iar General +5.99% (at 20% No
e pre. y Eight sets of bench 1RM) s e Ischemia applied during rest
263 +£4.7; session: 1IRM warm-up o o, significant - . :
. . . press (20-90% 1RM, +10.74% (at . One repetition intervals increased peak
BM: 89.8 + 6.3 kg; testing along followed by a . ine by 10% 50% 1RM improve- barbell veloci licht load
6. Jarosz et al. BP 1IRM: with specifi . mnereasing by |77 2 ) No data No data ment per se;t arbell velocity at light loads
pecific o o e 0, o
p Yes e 3 min each set), with (no significant . . o (velocity (20% and 50% 1RM), but had
(2021) [31] 142.5 £ 16.9 kg familiarization warm-up (sets ischemi lied diff available. available. (A ~4.2% d £ lodi
Traini : . ith the BFR ith 20 K ischemia applie ifferences £20% measured at a no effect on mean velocity.
ralrung experlence wit e W! g, d a
o o uring rest intervals at observed at given load). The effect diminished at
7.8 + 2.7 years protocol and 40%, and 60% 80% AOP. other load 1RM, higher loads (60-90% 1RM)
BP 1RM/BM = 1.59 AOP 1RM). ° : Jevels) p=0.088) g ° :

measurement.
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Table 3. Cont.

Time from Peak Velocity Peak Power Mean Mean
Reference Participants g(::lt,;)l Familiarization Warm Up Warm-Up Conditioning Activity Improvement Improve- Ilf\;:)e;e- Ivnf ;;ZI‘Z_ E;Tg;izz Results
to CA (%l ment [%] ment [%] ment [%]
General .
BFR: BFR: BER increased peak power
. . One warm-up BFR: +6.8% (set BFR: +7.8% o o o
10 males: Age: preliminary (5 min on an 2vs. 1) (set 2 vs. 1) +4.5% (set +5.8% (set anc;l velocity in set 2,.but a
29.8 £+ 4.6; . o o 2vs. 1) 2vs. 1) decline was observed in set 3.
X . session: 1RM ergometer) Three sets x three —6.4% (set —6.4% o o Three s
BM: 94.3 £+ 13.6 kg; . i —4.2% (set  —7.3% (set SR The CONT group maintained
7 Wilk et al Training experience: testing along followed by a repetitions of bench 3vs.2) (set3vs. 2) 3vs.2) 3vs.2) repetitions in improvements in both sets 2
('2020) [32] . 12.7 % 6.8 vrs: : Yes with specific 5 min press at 70% 1RM with CONT: CONT: CONT' CONT' each of the d 3. Diff in th
: Bp 1m¥“’ familiarization warm-up BER (90% AOP) or +10.3% +7.4% A (et +2.4% (set three sets k?;letic‘ r; fﬁze;‘fcf}f:f, Ale
168.5 4 264 k with the BFR (15/10/5 without (CONT). (set2vs. 1) (set2vs. 1) 5 VS° 1 5 V;’ 1 (target test). offect b}()etween conditions
BP 1W/ BM = 1g79 protocol (60% repetitions at +8.6% +7.9% +2 7%' (set +2 4%. (set were statistically significant
’ AOP). 20/40/60% (set3vs. 1) (set3vs. 1) 3 1 ' 1 Y
1RM). vs. 1) 3vs. 1) (p <0.05).

BP—Dbench press; BM—body mass; CA—conditioning activity; CMB—cambered barbel; RMCB—reversed cambered barbell; BPT—bench press throw; STD—standard barbell
conditioning activity; BP IRM—bench press one rep max; CTRL, CONT—control group; AOP—arterial occlusion pressure; IPC—ischemic preconditioning.



Appl. Sci. 2025, 15, 4648

11 0f 15

4. Discussion

This systematic review aimed to evaluate the effectiveness of selected post-activation
performance enhancement (PAPE) protocols in improving barbell velocity during the bench
press in trained individuals. The collected data indicate that there are multiple ways to
induce short-term improvements in upper-body strength-speed parameters; however, the
outcomes of individual studies often differ due to varied research designs and procedures.
The following sections discuss the PAPE-inducing strategies identified in the review, the
moderating factors influencing their effectiveness, and potential areas for future research.

4.1. Velocity Parameters

The primary focus of this analysis was the assessment of barbell movement
velocity—specifically, peak velocity (PV) and mean velocity (MV)—following the applica-
tion of various types of conditioning activities (CAs). Most of the studies included (Table 3)
confirm that achieving the PAPE effect in the bench press is possible, provided that several
key conditions are met. Regarding the intensity range of the CA, it was shown that loads
between 70 and 80% of 1RM, applied in short sets (e.g., one—three sets), were most often
associated with significant increases in movement velocity in subsequent sets. For example,
a +7.0% increase in PV and +15.9% increase in peak power (PP) were observed following a
standard bench press at 80% 1RM [34]. In contrast, loads of >85-90% 1RM require more
careful management of rest periods and training volume, as excessive load and fatigue may
cancel out the potential PAPE effect. This is supported by the findings of Wilk et al. [33],
where higher BFR loads failed to improve PV. In terms of training volume, performing
too many sets or taking rest intervals that are too short may lead to fatigue accumulation,
thereby neutralizing the PAPE effect. In studies by Krzysztofik and Wilk [27], a one-time
increase in velocity and power was clearly observed in the first set after applying plyomet-
ric push-ups, but the effect disappeared in the following sets. A similar trend was observed
in protocols utilizing blood flow restriction (BFR): increases in velocity were noted with
light loads and in the first set, followed by declines as volume increased [32].

Furthermore, rest intervals shorter than 3 min were shown to be insufficient, especially
when heavier loads were used, resulting in reductions in PV or MV values [33]. On the other
hand, rest periods of 4-5 min, or even up to 8-10 min, have been shown to yield positive
outcomes [27,28]. The final choice of rest duration should be tailored to the athlete’s training
level and the specific demands of the session. Some sources suggest that the strongest PAPE
response occurs within a narrow “time window” of 3-8 min following the CA [6,7,15].

Among the analyzed studies, the most effective CA variant for short-term increases
in barbell velocity during the bench press was the standard bench press using a similar
load (approximately 70-80% 1RM and in the repetition range of 2 to 6), which resulted in
PV improvements of up to +7% [34]. Equipment modifications (e.g., cambered bar) led to
slightly smaller gains. Upper-body plyometric elements, such as explosive push-ups, also
showed effectiveness, but typically only in the first of several sets [27].

4.2. The Role of Blood Flow Restriction (BFR)

The use of blood flow restriction (BFR) and ischemic preconditioning (IPC) has gar-
nered significant interest among researchers aiming to enhance barbell velocity. Although
this mechanism is often considered in the context of post-activation potentiation (PAP) or
muscular hypoxia during volume-based training, current findings also explore its potential
as a PAPE-inducing tool. Several studies have reported a clear increase in peak velocity
(PV) (+5.99-17%) during the initial sets performed with ischemia applied either during
rest intervals or immediately before barbell attempts [31,33]. However, this effect tended
to disappear once loads exceeded 60% of 1RM. It is likely that, within this intensity range,
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rapid muscular fatigue becomes dominant, overshadowing the potential benefits of hy-
poxia. When using BFR at higher loads (>70% 1RM), only a transient increase in velocity
or power was observed—typically in the second set—followed by a decline in subsequent
sets [32]. This suggests that BFR does not consistently provide long-lasting performance
enhancement and may contribute to fatigue accumulation when heavier loads are used.
IPC, on the other hand, demonstrated positive effects when applied in short rest intervals
(5 min of occlusion followed by 5 min of reperfusion), particularly in the first bench press
sets (+6.5-9% MV compared to control) [30]. Interestingly, combining IPC with a PAPE
protocol (high intensity at 90% 1RM) did not prove to be effective over multiple sets—the
positive effect was mainly observed in the first set and diminished thereafter.

Both BFR and IPC may serve as useful tools for eliciting immediate improvements in
velocity during resistance exercises performed at low to moderate intensities. However, at
higher loads or when exercises are repeated over multiple sets, these benefits are quickly
neutralized by fatigue.

4.3. Individual Factors in the Context of the PAPE Effect

The collected findings clearly suggest the usefulness of PAPE protocols for short-term
improvement in barbell velocity. However, several individual factors must be considered
in practical training settings. The studies included in this review primarily involved male
participants with at least two years of resistance training experience, most of whom were
classified as advanced lifters (with bench press 1RM values reaching up to 168.5 kg) [32].
According to the conclusions of Seitz and Haff and Tillin and Bishop, athletes with higher
strength levels are more resistant to fatigue and may more easily benefit from the PAPE
effect compared to less-trained individuals. Similar observations were made by Tsolakis
et al., who reported that a higher level of relative strength played a key role in achieving
performance gains in power output among trained men [18,35,36]. In less experienced
individuals—or conversely, elite athletes from strength sports—different responses to the
same protocol may occur. It is likely that more highly trained individuals require a stronger
stimulus or more precisely controlled rest intervals to achieve a measurable PAPE effect.
Another important factor is the type of warm-up used. Several of the analyzed studies
showed that a well-structured submaximal warm-up (e.g., short sets at 40% and 80% of
the target load) can elicit an immediate increase in mean velocity (MV) during the first
training set. This response often aligns with the principles of PAPE, where performance is
enhanced immediately following a conditioning activity [29]. However, to maintain such
effects over longer sequences of exercises, closer control over training volume and rest
duration is required.

Some studies found no clear advantage between shorter rest intervals (3—4 min) and
longer ones (6-8 min), but much evidence suggests that a 4-5 min interval may be sulfficient
to reduce fatigue while maintaining elevated neuromuscular readiness. Reducing this
rest to 1-2 min generally diminishes the beneficial effect—especially when high loads
are involved [27,30].

The specificity of the sport discipline also plays a critical role in the context of PAPE.
In sports focused on maximal strength (e.g., powerlifting), the stimulus intensity must
be high enough while avoiding premature fatigue. In contrast, disciplines that combine
strength and power (e.g., combat sports, basketball) may benefit more from velocity-
focused modifications at moderate loads. Some studies suggest that optimizing movement
velocity can facilitate repeated actions, such as strikes or throws, which are essential in
these disciplines [2,3].
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4.4. Limitations of the Study

All studies included in this review received a PEDro score of 5 out of 10, indicating a
moderate level of methodological quality. This highlights several issues:

Lack of randomized assignment to different CA protocols—in some studies, partici-
pants self-selected into specific interventions or completed the protocols in a fixed order.

Inconsistent outcome reporting—some authors reported only percentage differences
in PV or PP without providing precise effect sizes (e.g., Cohen’s d, Hedges’ g) or
confidence intervals.

These limitations underscore the need for further high-quality research involving
control groups and larger sample sizes. Such studies would allow for more precise identifi-
cation of cause-and-effect relationships and contribute to the development of standardized
guidelines for implementing PAPE protocols in the bench press.

4.5. Recommendations for Future Research

In future research, conducting more comprehensive meta-analyses is recommended,
provided there is greater consistency across protocols in terms of the type of CA, load
intensity, rest duration, and number of sets. Studies including female participants, novice
trainees with limited training experience, or direct comparisons between elite powerlifters
and recreational lifters in the context of the bench press would also be highly valuable.

5. Conclusions

In summary, it is recommended to implement PAPE protocols in bench press training
to enhance barbell velocity. Despite the limited number of studies and moderate method-
ological quality (PEDro = 5/10), the findings suggest that a relatively short-term speed
improvement can be achieved under several key conditions. First, it is crucial to select an
appropriate load, usually in the range of 70-80% 1RM, performed in one-three short sets of
two-six repetitions. Second, the rest interval between the conditioning activity (CA) and
the target effort should be around 4-5 min, which helps minimize fatigue and maintain
the PAPE effect at least in the first set. Third, techniques such as plyometric exercises or
occlusion strategies (BFR, IPC) can further support movement velocity, but mainly at lower
loads (20-50% 1RM). At higher intensities (>85% 1RM) or insufficient recovery, the benefits
of PAPE may be negated by accumulating fatigue. The training level of participants plays a
significant role—more advanced individuals seem to benefit more effectively from brief
protocols based on submaximal loads. Implementing these recommendations in practice
can yield considerable advantages for further development of strength and movement
dynamics in the bench press, but requires careful selection of training parameters and
consideration of individual athlete characteristics.
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