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This study aimed to determine whether the intra-complex active recovery within the strength-
power potentiating complex will impact the upper-body post-activation performance
enhancement effect and how the magnitude of this effect will change across the upper-
body complex training session. Thirteen resistance-trainedmales [the age, bodymass, height,
experience in resistance training, and one-repetition maximum (1RM) in bench press were
27 ± 4 years; 92.3 ± 15.4 kg; 182 ± 6 cm; 6.4 ± 2.4 years, and 118 ± 29 kg, respectively)
participated in this study. Each participant completed a baseline bench press throw
performance assessment at 30% 1RM. Next, five strength-power potentiating complexes
consisting of a bench press at 80% 1RM were tested until the average barbell velocity
decreased by 10% as a conditioning activity, and 6min later, a re-test of bench press throw
was carried out. During one experimental session during the rest interval inside the complex,
they performed swiss ball leg curls, while between the complexes, a plank exercise (PAP-A)
was performed. During the second experimental session, participants performed no exercises
within the strength-power potentiating complexes and between them (PAP). Under control
conditions, participants ran the same protocol (as the PAP condition) without the conditioning
activity (CTRL). Friedman’s test showed significant differences in peak (test = 90.634; p <
0.0001; Kendall’s W = 0.410) and average (test = 74.172; p < 0.0001; Kendall’s W = 0.336)
barbell velocities during bench press throw. Pairwise comparisons indicated that the peak and
average barbell velocities significantly increased in the fourth set [p = 0.022, effect size (ES) =
0.76 and p = 0.013, ES = 0.69, respectively], and the average barbell velocity was also
increased in the second set (p = 0.018, ES = 0.77) in comparison to the baseline value during
the PAP-A condition. Moreover, the peak barbell velocity was increased in the second (p =
0.008, ES = 0.72) and third (p = 0.019, ES = 0.76) sets compared to the baseline value during
the PAP condition. This study showed that body-weight lower-body exercise as an intra-
complex active recovery did not impair the upper-body post-activation performance
enhancement effect across the complex training session.
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1 INTRODUCTION

Post-activation performance enhancement (PAPE) is a muscular
phenomenon that leads to an acute improvement in power and
strength performance due to the prior voluntary contractile
history (Hodgson et al., 2005). This phenomenon arouses
particular attention in sports that require quick and explosive
actions, such as jumps, throws, or sprints (Seitz and Haff, 2016).
Therefore, inducing the PAPE effect is often the purpose of a
warm-up, and it is also the rationale behind using a complex
training method (Freitas et al., 2017). In applied settings, this
effect is caused by strength-power potentiating complexes, that is,
performing a conditioning activity (CA) (usually high-loaded
resistance exercise) immediately before explosive activity with a
similar movement structure (i.e., back squat before
countermovement jump) (Gołaś et al., 2016; Krzysztofik et al.,
2020a).

One of the main factors determining the occurrence of the
PAPE effect is the optimal ratio between induced fatigue and
potentiation (which coexist after CA), which is essential to
achieve performance enhancement (Seitz and Haff, 2016).
Therefore, an adequate rest interval between the CA and the
subsequent activity is critical. The CA type, volume, and intensity,
as well as athlete characteristics such as experience and strength
level, are cited as key factors when determining an adequate rest-
interval time (Wilson et al., 2013; Seitz and Haff, 2016). Studies
indicate that rest intervals lasting 2–12 min after completing the
CA elicit the PAPE effect (Tsoukos et al., 2019; Tsoukos et al.,
2020). Moreover, the highest efficiency is obtained within 4 and
6 min after high-intensity resistance exercise as a CA (Seitz and
Haff, 2016; Krzysztofik et al., 2021b). While such a long rest
interval does not appear to be a problem when inducing PAPE is
the goal of a competitive warm-up, it may be impractical during
an athlete’s training session—for instance, by reducing the
training density and creating an opportunity to lose
concentration on training (Krzysztofik et al., 2019).
Furthermore, modern athletes have a limited time due to
sports and nonsports duties; thus, the training process has to
be highly effective. Bearing in mind the above and the undeniable
benefits of resistance training, methods that show a high
efficiency in increasing muscle strength and power with a high
training density are particularly desirable.

Two recently published papers have proposed solutions that
may increase the practicality of strength-power potentiating
complex training (Lim and Barley, 2016; Lepkowski et al.,
2021). Lim and Barley (2016) suggested using mobility and/or
stability drills for the muscles unaffected by strength-power
potentiating complex exercises as an intra-complex active
recovery. A similar solution was proposed by Lepkowski et al.
(2021) in the form of “delayed performance triplexes.” However,
they went further and suggested inserting two exercises during
intra-complex rest; one nonsimilar accessory movement like
biceps curls or bent-over rows performed in between back
squat and jumps and an additional less demanding one, like
planks. Nevertheless, it has to be noted that Lim and Barley
(2016) and Lepkowski et al. (2021) have only confined themselves
to theoretical speculation and did not assess whether the

introduction of these exercises would disturb the PAPE effect.
Therefore, further studies need to determine if the PAPE effect
would be affected when intra-complex active recovery is
implemented.

Another aspect related to the low practical application to the
training process from the studies on the PAPE effect is that the
procedures mainly assume performing only a single set of a
selected strength-power potentiating complex (Tsoukos et al.,
2019; Krzysztofik et al., 2020b; Krzysztofik et al., 2020c;
Krzysztofik et al., 2021a; Matusiński et al., 2021). As
mentioned before, when PAPE is the goal of a warm-up, this
is not a problem, but it is known that multiple sets are superior
to single-set training to develop muscle strength and power
(Kraemer and Ratamess, 2004). However, limited findings exist
on whether the PAPE effect reported in the first set is
maintained throughout the training session and to which set
is sustained (Baker 2008, 2009; McLaren et al., 2017; Bauer et al.,
2019). For example, McLaren et al. (2017) investigated the
PAPE effect across three sets of the strength-power
potentiating complex. Each consisted of four repetitions of
back squats at 90% of one-repetition maximum (1RM) and
four repeated 40 m sprints in college-aged males. The authors
noted an improvement from one to three repetitions of the 40 m
sprint in each complex set. It should also be emphasized that
each complex set lasted a total of 20 min. There was a rest for as
long as 16 min (8 min between exercises and 8 min between
complexes), resulting in a low time efficiency of training. In
another study, Bauer et al. (2019) assessed the effect of medium
(six repetitions at 60% 1RM) and high-loaded (four repetitions
at 90% 1RM) back squats on countermovement jump
performance across three strength-power potentiating
complex sets. The authors showed that PAPE was
successfully induced in each of the three sets after medium
and high-intensity squats. However, in the second and third
sets, the level of improvement was lower. Only the study by
Baker (2009) concerned the upper limbs, and the results were in
agreement with McLaren et al. (2017) and Bauer et al. (2019),
showing improvement in each of the three sets of bench press
throw preceded by bench press with chains as a CA. However,
none of these studies used more than three sets and an intra-
complex active recovery.

Therefore, this study aimed to determine whether the intra-
complex active recovery within the strength-power potentiating
complex will impact the upper-body PAPE effect and how the
magnitude of this effect will change across the upper-body
complex training session. We hypothesized that implementing
an intra-complex active recovery would not disturb the PAPE
effect. Additionally, we thought that the PAPE effect would
gradually weaken with each set.

2 MATERIALS AND METHODS

2.1 Experimental Approach to the Problem
Participants took part in a familiarization session and three
experimental sessions at intervals of at least 72 h but no longer
than a week. The familiarization session included the
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determination of the 1RM bench press, followed by two sets of
the bench press at 80% 1RM performed up to a 10% loss of
average barbell velocity. Then, participants made two sets of
bench press throws at 30% 1RM and performed swiss ball leg
curls and a plank alternately during rest intervals. Experimental
sessions were conducted in random order. Each participant
completed a baseline bench press throw performance
assessment. Next, five strength-power potentiating complexes
consisting of a bench press at 80% 1RM were tested until the
average barbell velocity decreased by 10% as CA, and 6 min
later, two repetitions of bench press throw at 30% 1RM were
carried out. During post-activation and accessory exercise
conditions (PAP-A), the participants were performing swiss
ball leg curls inside the complexes and a plank exercise between
them. In the post-activation potentiation condition (PAP),
participants were not performing any exercises within and
between the strength-power potentiating complexes. Under
control conditions, participants ran the same protocol (as the
PAP condition) without the CA (CTRL). Instead of this,
participants rested while sitting (Figure 1). To assess the
PAPE effect, the peak and average barbell velocities during
bench press throws were investigated at baseline and
throughout every set of workouts.

2.2 Subjects
Thirteen resistance-trained strength and conditioning specialist
students and personal trainers were considered. Their mean ± SD,
age, body mass, height, experience in resistance training, and 1RM
in bench press were 27 ± 4 years, 92.3 ± 15.4 kg, 182 ± 6 cm, 6.4 ±
2.4 years, and 118 ± 29 kg, respectively. The inclusion criteria were
as follows: 1) free from neuromuscular and musculoskeletal
disorders, 2) at least 2 years of experience in resistance training,
and 3) a self-described satisfactory health status. Participants were
excluded if they reported more than 2 weeks of resistance-training
absences in the past year. Moreover, participants were instructed
not to perform any additional resistance exercises before testing to
avoid fatigue, maintain their usual dietary and sleep habits, and not
use any stimulants and alcoholic drinks throughout the study.
Participants were allowed to withdraw from the experiment at any
moment and informed about the benefits and potential risks of the
study before providing their written informed consent for

participation. Participants were not told of the expected study
outcomes. The study protocol was approved by the Bioethics
Committee for Scientific Research at the Academy of Physical
Education in Katowice, Poland (10/2018), and performed
according to the ethical standards of the Declaration of
Helsinki 2013.

2.3 Procedures
2.3.1 Familiarization Session and 1RM Strength Tests
Before the main experimental sessions, the 1RM bench press tests
were performed according to the recommendations proposed by
Wilk et al. (2020a) and Wilk et al. (2020b). The participants
arrived in the laboratory at the same time of day as the upcoming
experimental sessions (in the morning between 10:00 and 12:00
a.m.). Participants performed a standardized warm-up as
described elsewhere (Krzysztofik and Wilk, 2020). Next, the
participants performed 10, 8, and 4 repetitions at 30%, 50%,
and 70% of their estimate, respectively. The first testing load was
set to an estimated 80% 1RM and was increased by 2.5–5 kg for
each subsequent attempt until the participant would not perform
a lift with the proper technique. Participants were instructed to
perform each repetition with a 2 s duration of the eccentric phase
and maximal velocity in the concentric phase of the movement.
The 1RM was defined as the highest load completed without any
help from the spotters. Five-minute rest intervals were allowed
between the 1RM attempts, and all 1RM values were obtained
within five attempts.

Following the 1RM test, all participants performed two sets of
bench press until a 10% average velocity loss at 80% 1RM,
followed by two sets of two bench press throws at 30% 1RM.
During rest intervals (lasting 3–4 min), participants performed
swiss ball leg curls or a plank alternately.

2.3.2 Experimental Sessions
In a randomized order (determined using the website
randomization.com), after identical warm-up as before the 1RM
tests, the participants performed three different testing conditions
(at least 72 h apart, but no longer than a week) (Figure 1). The PAP
condition included five strength-power potentiating complexes
consisting of a bench press at 80% 1RM until the average
barbell velocity decreased by 10% as CA and 6 min later two

FIGURE 1 | Schematic representation of the experimental session including strength-power potentiating complexes with accessory exercises. WU, warm-up;
BPT, bench press throw; BP, bench press; SB, swiss ball leg curls; PL, plank.
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repetitions of bench press at 30% 1RM. The PAP-A condition was
similar to the PAP, but between the third and fourth minutes of
rest interval inside the complex, participants performed 15
repetitions of bodyweight swiss ball leg curls. However, during a
3 min rest interval between the complexes, participants performed
30 s of plank exercise (as the secondmin starts). In the CTRL
condition, participants performed baseline and five sets of two
bench press throws at 30% 1RMwith 6 min rest interval. Instead of
CA and accessory exercises, they rested while sitting. Hand
placement on the barbell was set at 150% biacromial distance
and was carefully replicated at each attempt. To assess the post-
activation performance enhancement effect, peak and average
barbell velocities during bench press throws were investigated at
baseline and throughout every set of workouts.

2.3.3 Measurement of Barbell Velocity During the
Conditioning Activity
The barbell velocity during the CA was controlled using a
GymAware Powertool (Kinetic Performance Technology,
Canberra, Australia), a linear position transducer. The device was
placed on the floor directly under the barbell, and the external end of
the cable was attached to the side of the barbell. During each CA, the
participants were asked to perform each repetition with a constant
duration of 2 s in the eccentric phase and as fast as possible in the
concentric phase. Participants were performing the bench press at
80% 1RM until the average barbell velocity decreased by 10% from
the fastest repetition. This CA has been previously indicated to be
effective in inducing the PAPE effect for bench press throw (Tsoukos
et al., 2019, 2020). The velocity of the barbell was recorded at 50 Hz.
Furthermore, the number of performed repetitions in each CA until
the velocity drop was also assessed. GymAware Powertool provides
reliable and valid data (Banyard et al., 2017).

2.3.4 Measurement of Barbell Velocity During Bench
Press Throw Exercise
In total, participants performed six sets of bench press throws at
30% 1RM on a Smith machine during each trial at baseline (5 min
before the first complex) and 6 min after each CA. Before each
trial, participants were instructed to execute each repetition with
maximal effort, without bouncing the barbell off the chest and
without intentionally pausing at the transition between the
phases. The same hand placement as during bench press was
replicated during each attempt. The barbell velocity during each
bench press throw was evaluated using a linear position
transducer Tendo Power Analyzer (Tendo Sports Machines,
Trencin, Slovakia). This device is a reliable system for
measuring movement velocity and power output (García-
Ramos et al., 2018).

3 STATISTICAL ANALYSES

All statistical analyses were performed using SPSS (version 25.0;
SPSS, Inc., Chicago, IL, United States) and were shown as means
with standard deviations (±SD). Statistical significance was set at
p < 0.05. The normality of data distribution was checked using
Shapiro–Wilk tests. However, when the normality was not

confirmed, related samples’ Friedman’s two-way ANOVA by
ranks was used; the effect size was estimated by Kendall’s
coefficient of concordance. When significant, pairwise
comparisons were also conducted using a Bonferroni test. The
magnitude of mean differences was expressed with standardized
effect sizes along with their 95% confidence intervals (CI);
thresholds for qualitative descriptors of Hedges g were
interpreted as ≤0.20 for “small,” 0.21–0.8 for “medium,” and
>0.80 for “large.”

4 RESULTS

4.1 Conditioning Activity Performance
The Shapiro–Wilk tests indicated that the normality of the
data was violated for all studied variables. Friedman’s test
showed significant differences in peak (test = 28.548; p = 0.001;
Kendall’s W = 0.244) and average (test = 76.443; p < 0.0001;
Kendall’s W = 0.653) barbell velocities and the number of
performed repetitions (test = 53.465; p < 0.0001; Kendall’s W =
0.457) (Table 1).

Pairwise comparisons indicated that the peak barbell velocity
significantly decreased in the fifth set compared to the second (p =
0.009; ES = 1.16) during the PAP-A condition. Moreover, the
peak barbell velocity was significantly lower in the fifth set during
the PAP-A condition than in the 2nd set (p = 0.009; ES = 0.87)
during the PAP condition.

Pairwise comparisons demonstrated that the average barbell
velocity significantly decreased in the fifth set in comparison to
the second (p < 0.001; ES = 3.39) and third (p < 0.001; ES = 2.35)
sets and in the fourth set compared to the second (p = 0.007; ES =
2.18) during the PAP-A condition. Similarly, there were
significant decreases in average barbell velocity in the fifth set
in comparison to the second (p < 0.001; ES = 2.63) and third (p =
0.001; ES = 2.13) sets and in the fourth when compared to the
second (p = 0.048; ES = 1.28) during the PAP condition.

Pairwise comparisons indicated that the number of performed
repetitions significantly decreased in the fifth set in comparison to the
second (p = 0.015; ES = 1.8) during the PAP-A condition. Moreover,
the number of performed repetitions significantly decreased in the
fifth set in comparison to the first (p = 0.001; ES = 2.33) and second
(p = 0.009; ES = 1.88) sets and in the fourth compared to the first (p =
0.013; ES = 1.92) during the PAP condition.

4.2 Bench Press Throw Performance
The Shapiro–Wilk tests indicated that the normality of the data was
violated for both peak and average barbell velocities. Friedman’s test
showed significant differences in peak (test = 90.634; p < 0.0001;
Kendall’s W = 0.410) and average (test = 74.172; p < 0.0001;
Kendall’s W = 0.336) barbell velocities (Table 2).

Pairwise comparisons indicated that the peak barbell velocity
significantly increased in the fourth set (p = 0.022; ES = 0.76)
compared to the baseline value during the PAP-A condition.
Moreover, a significant increase in peak barbell velocity were
noted in the second (p = 0.008; ES = 0.72) and third (p = 0.019; ES
= 0.76) sets compared to the baseline value during the PAP
condition. No statistically significant differences in the
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corresponding sets between the conditions and baseline and the
following sets during the CTRL condition were found.

Pairwise comparisons demonstrated that the average barbell
velocity significantly increased in the second (p = 0.018; ES =
0.77) and fourth sets (p = 0.013; ES = 0.69) compared to the
baseline value during the PAP-A condition. Furthermore, a
significantly higher average barbell velocity was found in the
fourth set during PAP-A than in the fourth set during the CTRL
condition (p = 0.007; ES = 0.77). No statistically significant
differences between the baseline and following sets during
PAP and CTRL conditions were found.

5 DISCUSSION

This study aimed to determine whether the use of intra-complex
active recovery within the strength-power potentiating complexes
will impact the upper-body PAPE effect and how the magnitude
of this effect will change across the upper-body complex training
session. The results showed that body-weight lower-body exercise
as an intra-complex active recovery did not impair the upper-
body PAPE effect across the complex training session. On the
contrary, a significant enhancement of the peak and average

barbell velocities was reported in the fourth set and the average
barbell velocity in the second set compared to the baseline value.

This study indicated that applying exercises to a body region
other than the one involved in the strength-power potentiating
complex will not harm the PAPE effect. Alternating sets of resistance
exercises involving other body regions or opposing muscle groups is
a practice that has long been used in resistance training and has been
identified as an effective way to reduce exercise duration without
impairment in performance (Baker and Newton, 2005; Robbins
et al., 2010; Weakley et al., 2017; Krzysztofik et al., 2019). For
instance, Weakley et al. (2017) showed that it supersets efficiency
and reduces the training time compared to traditional training
sessions. Furthermore, a smaller decrease in jump height was
reported immediately after a workout performed in a superset
manner than conventional. However, the study by Baker and
Newton (2005) reported an increase in bench press throw power
output when it was performed alternately with bench pull. The
current study’s findings also confirm that if the introduced exercise
involves other body regions, it will not affect the PAPE effect.

The exact mechanisms underlying the PAPE effect are still
unknown. However, the existing literature is consistently
indicating that this phenomenon is related to local physiological
responses (Hodgson et al., 2005; Tillin and Bishop, 2009;

TABLE 2 | Comparison of bench press throw performance between conditions.

BA
(95 CI)

Set 1
(95 CI)

Set 2
(95 CI)

Set 3
(95 CI)

Set 4
(95 CI)

Set 5
(95 CI)

Peak Barbell Velocity (m/s)

PAP-A 1.97 ± 0.12 (1.9–2.04) 2.06 ± 0.13 (1.98–2.14) 2.05 ± 0.11 (1.98–2.12) 2.04 ± 0.12 (1.97–2.11) 2.06 ± 0.11* (1.99–2.13) 2.01 ± 0.13 (1.94–2.1)

PAP 1.98 ± 0.11 (1.92–2.05) 2.06 ± 0.11 (1.99–2.13) 2.07 ± 0.13* (1.99–2.15) 2.07 ± 0.12* (1.99–2.14) 2.04 ± 0.11 (1.98–2.11) 2.03 ± 0.12 (1.96–2.1)
CTRL 1.97 ± 0.14 (1.89–2.06) 1.99 ± 0.12 (1.92–2.07) 1.98 ± 0.13 (1.91–2.06) 1.97 ± 0.16 (1.88–2.07) 1.97 ± 0.15 (1.88–2.06) 2 ± 0.17 (1.9–2.1)

Average Barbell Velocity (m/s)

PAP-A 1.24 ± 0.07 (1.2–1.29) 1.29 ± 0.07 (1.25–1.33) 1.3 ± 0.08* (1.25–1.35) 1.29 ± 0.07 (1.25–1.33) 1.29 ± 0.07*# (1.26–1.34) 1.27 ± 0.08 (1.23–1.32)

PAP 1.25 ± 0.06 (1.22–1.29) 1.28 ± 0.05 (1.25–1.31) 1.3 ± 0.06 (1.26–1.33) 1.28 ± 0.05 (1.26–1.31) 1.3 ± 0.06 (1.25–1.33) 1.28 ± 0.04 (1.26–1.32)
CTRL 1.24 ± 0.09 (1.18–1.3) 1.25 ± 0.09 (1.2–1.3) 1.25 ± 0.08 (1.2–1.3) 1.24 ± 0.09 (1.19–1.3) 1.23 ± 0.08 (1.18–1.28) 1.25 ± 0.07 (1.21–1.3)

Results are mean ± SD (95% confidence intervals); *significant increase in comparison to baseline; #significant increase in comparison to the corresponding set in the CTRL condition; BA,
baseline; PAP-A, post-activation and accessory exercise condition; PAP, post-activation condition; CTRL, control condition.

TABLE 1 | Comparison of conditioning activity (bench press) performance between conditions.

Set 1
(95 CI)

Set 2
(95 CI)

Set 3
(95 CI)

Set 4
(95 CI)

Set 5
(95 CI)

Peak Barbell Velocity (m/s)

PAP-A 0.65 ± 0.05 (0.62–0.68) 0.72 ± 0.07* (0.67–0.76) 0.69 ± 0.06 (0.65–0.72) 0.67 ± 0.07 (0.63–0.72) 0.63 ± 0.08 (0.59–0.68)
PAP 0.66 ± 0.04 (0.64–0.69) 0.72 ± 0.05* (0.68–0.75) 0.69 ± 0.06 (0.65–0.73) 0.68 ± 0.09 (0.63–0.74) 0.66 ± 0.08 (0.61–0.71)

Average Barbell Velocity (m/s)

PAP-A 0.46 ± 0.03 (0.44–0.48) 0.52 ± 0.04* (0.49–0.55) 0.49 ± 0.05* (0.46–053) 0.43 ± 0.04# (0.41–0.45) 0.38 ± 0.04 (0.35–0.41)
PAP 0.47 ± 0.03 (0.45–0.49) 0.54 ± 0.06* (0.5–0.57) 0.5 ± 0.05* (0.47–0.54) 0.45 ± 0.04# (0.42–0.47) 0.39 ± 0.05 (0.35–0.42)

Repetitions (n)

PAP-A 4.3 ± 1.3 (3.6–5.1) 4.5 ± 1* (3.9–5) 3.9 ± 0.9 (3.4–4.4) 3.4 ± 0.9 (2.9–3.9) 2.9 ± 0.7 (2.4–3.3)
PAP 4.4 ± 0.8* (3.9–4.8) 4.2 ± 0.9* (3.7–4.8) 3.7 ± 1.1 (3–4.4) 3.0 ± 0.6† (2.7–3.3) 2.7 ± 0.6 (2.3–3.1)

Results are mean ± SD (95% confidence intervals); *significantly different in comparison to Set 5; #significantly different in comparison to Set 2; †significantly different in comparison to Set 1;
PAP-A, post-activation and accessory exercise condition; PAP, post-activation condition.
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Vandenboom, 2016) and reveals that enhancement in performance
depends on the balance between fatigue and the potentiation state
(Seitz and Haff, 2016). The results of the current study indirectly
support these statements. Despite implementing lower-body activity
within an upper-body strength-power potentiating complex, bench
press throw performance enhancement was still noticed. Therefore,
it is plausible to speculate that active rest used within the complex
that engagesmuscles not involved in CA and post-CA tasks does not
disturb the advantage of a potentiation state over fatigue in the
muscles stimulated by used CA. These findings provide valuable
practical knowledge for coaches and practitioners about complex
training programming. First, implementing activities within a
complex set enhances the training efficiency by actively using the
rest interval within the complex. These can be, for example,
compensation exercises, mobility, or stability drills that address
the player’s needs and still benefit from improving physical
fitness via the PAPE effect. Thanks to this, there will be no need
to perform separate training units of this type, and this time can be
devoted to improving other athletic aspects. However, our study
found this approach effective for upper–lower–upper body exercise,
but it is uncertain whether it would also be similar in other
combinations. Furthermore, research is required to establish this.

Another critical aspect of high practical importance was
determining whether the PAPE effect would be maintained
during multiple sets of the strength-power potentiating
complex. According to the authors’ knowledge, this study was
the second one investigating acute changes in power performance
across multiple sets of upper body complex training sessions
(Baker, 2009). Furthermore, it is the first one in which more than
three sets were used in training sessions. As in earlier studies
(Baker and Newton, 2005; Baker, 2009; McLAREN et al., 2017;
Bauer et al., 2019), the PAPE effect was also maintained in three
sets of the complex. However, the current study found sustained
improvement throughout the training session, which reached
statistical significance in the second and fourth sets. It partially
contradicts the findings of Bauer et al. (2019), who found that the
levels of improvement were lower in the second and third sets. It
seems to be related to the CA volume used. Bauer et al. (2019)
evaluated the effect of medium- (six reps at 60% 1RM) and high-
intensity (four reps at 90% 1RM) squats on CMJ performance,
and this study used individual volume selection for each athlete
based on a 10% drop in average barbell velocity during CA.
Hence, bearing in mind the decisive influence of the fatigue-
potentiation relationship on the PAPE effect, it can be assumed
that the decreasing effect in Bauer et al. (2019) was associated
with the accumulation of fatigue due to the type of used CA.

In the long-term training programming process, three sets are
usually planned in the first weeks, and as progression is
introduced, the intensity or volume of training increases, for
example, to four and then five sets at the end (Kraemer and
Ratamess, 2004). The results of this study provided information
that the PAPE effect was maintained up to the fifth set. Therefore,
based on the results of this study, it seems that even five sets of
upper body complexes can be used in a training session. However,
we are not sure if similar results would have been obtained if the
number of repetitions in each set had been fixed instead of
velocity control. In this study, the number of repetitions in the

CA was adjusted via velocity loss in each set and decreased with
each successive set. Interestingly, an increase in the average
barbell velocity was also noted during CA. Therefore, it
indicates that a 9 min rest interval between consecutive CAs is
sufficient to avoid fatigue accumulation, and the PAPE effect is
sustained when velocity control is used.

The results of this study should be interpreted in light of certain
limitations. First, only one kind of CA was evaluated (one intensity
and velocity loss were applied with a single rest time interval); thus,
caution is needed in exploring these findings in other protocols.
Furthermore, although the participants were experienced in
resistance training, according to Seitz and Haff’s classification
(Seitz and Haff, 2016), they were considered weak individuals.
Therefore, these results should be carefully interpreted concerning
competitors with a high level of strength. Moreover, any
physiological mechanisms were not assessed as the basis for the
PAPE effect. Hence, we cannot be sure about what mechanisms
contributed to the reported improvement in performance.
Furthermore, an evaluation was made only during a single
training session; it is not certain that the effects will improve
performance after long-term use.

This study provides valuable practical implications for coaches
and practitioners regarding programming complex training. Based
on these results, we can conclude that implementing body-weighted
lower body exercises and stability within the strength-power
potentiating complex did not attenuate the PAPE effect.
Therefore, the programming of low-intensity activities within the
strength-power potentiating complex may be a solution to
successfully reap the benefits of the PAPE effect without
unnecessarily extending the training time. In addition, when a
high-loaded bench press with velocity control as a CA is used,
the PAPE effect ismaintained across five consecutive strength-power
potentiating complex sets. Thus, we recommended using three to
five sets of upper body strength-power potentiating complexes,
interspersed with low-intensity lower body or stabilizing exercises.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The study protocol was approved by the Bioethics Committee for
Scientific Research, at the Academy of Physical Education in
Katowice, Poland, (10/2018) according to the ethical standards
ethical standards laid down in the 1964 Declaration of Helsinki
and its later amendments. All participants gave their informed
consent prior to their inclusion in the study.

AUTHOR CONTRIBUTIONS

Conceptualization, RT and MK; data curation and validation,
PM, RP, and MW; formal analysis, MK and PM; methodology,

Frontiers in Physiology | www.frontiersin.org July 2022 | Volume 13 | Article 8407226

Trybulski et al. PAPE: Active Intra-Complex Recovery

https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles


MK, SS, and DA.; investigation: RP, MW, and PM; supervision,
MK and RT; writing—original draft, MK and RT;

writing—review and editing, MK and RT. All authors have
read and agreed to the published version of the manuscript.

REFERENCES

Baker, D. (2009). Increases in Bench Throw Power Output when Combined with
Heavier Bench Press Plus Accommodating Chains Resistance during Complex
Training. J. Aust. Strength Cond. 17, 3–11.

Baker, D. (2008). Increases in Jump Squat Peak External Power Output when
Combined with Accommodating Resistance Box Squats during Contrasting
Resistance Complex Training with Short Rest Periods. J. Aust. Strength Cond.
16, 10–18.

Baker, D., and Newton, R. U. (2005). Acute Effect on Power Output of Alternating
an Agonist and Antagonist Muscle Exercise during Complex Training.
J. Strength Cond. Res. 19, 202–205.

Banyard, H. G., Nosaka, K., Sato, K., and Haff, G. G. (2017). Validity of Various
Methods for Determining Velocity, Force, and Power in the Back Squat. Int.
J. Sports Physiol. Perform. 12, 1170–1176. doi:10.1123/ijspp.2016-0627

Bauer, P., Sansone, P., Mitter, B., Makivic, B., Seitz, L. B., and Tschan, H. (2019).
Acute Effects of Back Squats on Countermovement Jump Performance across
Multiple Sets of a Contrast Training Protocol in Resistance-Trained Men.
J. Strength Cond. Res. 33, 995–1000. doi:10.1519/JSC.0000000000002422

Freitas, T. T., Martinez-Rodriguez, A., Calleja-González, J., and Alcaraz, P. E.
(2017). Short-term Adaptations Following Complex Training in Team-Sports:
A Meta-Analysis. PLOS ONE 12, e0180223. doi:10.1371/journal.pone.0180223

García-Ramos, A., Haff, G. G., Padial, P., and Feriche, B. (2018). Reliability of
Power and Velocity Variables Collected during the Traditional and Ballistic
Bench Press Exercise. Sports Biomech. 17, 117–130. doi:10.1080/14763141.2016.
1260767

Gołaś, A., Maszczyk, A., Zajac, A., Mikołajec, K., and Stastny, P. (2016). Optimizing
Post Activation Potentiation for Explosive Activities in Competitive Sports.
J. Hum. Kinet. 52, 95–106. doi:10.1515/hukin-2015-0197

Hodgson, M., Docherty, D., and Robbins, D. (2005). Post-activation Potentiation.
Sports Med. 35, 585–595. doi:10.2165/00007256-200535070-00004

Kraemer, W. J., and Ratamess, N. A. (2004). Fundamentals of Resistance Training:
Progression and Exercise Prescription. Med. Sci. Sports Exerc. 36, 674–688.
doi:10.1249/01.mss.0000121945.36635.61

Krzysztofik, M., Kalinowski, R., Trybulski, R., Filip-Stachnik, A., and Stastny, P.
(2021a). Enhancement of Countermovement Jump Performance Using a Heavy
Load with Velocity-Loss Repetition Control in Female Volleyball Players. Ijerph
18, 11530. doi:10.3390/ijerph182111530

Krzysztofik, M., Wilk, M., Filip, A., Zmijewski, P., Zajac, A., and Tufano, J. J.
(2020a). Can Post-Activation Performance Enhancement (PAPE) Improve
Resistance Training Volume during the Bench Press Exercise? Ijerph 17,
2554. doi:10.3390/ijerph17072554

Krzysztofik, M., Wilk, M., Golas, A., Lockie, R. G., Maszczyk, A., and Zajac, A.
(2020b). Does Eccentric-Only and Concentric-Only Activation Increase Power
Output? Med. Sci. Sports Exerc. 52, 484–489. doi:10.1249/MSS.
0000000000002131

Krzysztofik, M., Wilk, M., Lockie, R. G., Golas, A., Zajac, A., and Bogdanis, G. C.
(2020c). Postactivation Performance Enhancement of Concentric Bench Press
Throw after Eccentric-Only Conditioning Exercise. J. Strength Cond. Res. Publ.
Ahead Print Publish Ahead of Print. doi:10.1519/JSC.0000000000003802

Krzysztofik, M., Wilk, M., Stastny, P., and Golas, A. (2021b). Post-activation
Performance Enhancement in the Bench Press Throw: A Systematic Review
and Meta-Analysis. Front. Physiol. 11, 598628. doi:10.3389/fphys.2020.598628

Krzysztofik, M., and Wilk, M. (2020). The Effects of Plyometric Conditioning on
Post-Activation Bench Press Performance. J. Hum. Kinet. 74, 99–108. doi:10.
2478/hukin-2020-0017

Krzysztofik, M., Wilk, M, Wojdała, G, and Gołaś, A (2019). Maximizing Muscle
Hypertrophy: A Systematic Review of Advanced Resistance Training
Techniques and Methods. Ijerph 16, 4897. doi:10.3390/ijerph16244897

Lepkowski, M., Leiting, K. A., and Koch, A. J. (2021). Practical Considerations and
Applications of Postactivation Performance Enhancement in Group Training:
Delayed Performance Enhancing Triplexes. Strength Cond. J. 43, 62–67. doi:10.
1519/SSC.0000000000000600

Lim, J. J. H., and Barley, C. I. (2016). Complex Training for Power Development:
Practical Applications for Program Design. Strength CondJ 38, 33–43. doi:10.
1519/SSC.0000000000000265

Matusiński, A., Pietraszewski, P., Krzysztofik, M., and Gołaś, A. (2021). The Effects of
Resisted Post-Activation Sprint Performance Enhancement in Elite Female
Sprinters. Front. Physiol. 12, 651659. doi:10.3389/fphys.2021.651659

McLAREN, T., King, D. L., and Sforzo, G. A. (2017). Sustainability and
Repeatability of Postactivation Potentiation. J. Sports Med. Phys. Fit. 57,
930–935. doi:10.23736/S0022-4707.16.06418-5

Robbins, D. W., Young, W. B., Behm, D. G., and Payne, W. R. (2010). The Effect of
a Complex Agonist and Antagonist Resistance Training Protocol on Volume
Load, Power Output, Electromyographic Responses, and Efficiency. J. Strength
Cond. Res. 24, 1782–1789. doi:10.1519/JSC.0b013e3181dc3a53

Seitz, L. B., and Haff, G. G. (2016). Factors Modulating Post-Activation
Potentiation of Jump, Sprint, Throw, and Upper-Body Ballistic
Performances: A Systematic Review with Meta-Analysis. Sports Med. 46,
231–240. doi:10.1007/s40279-015-0415-7

Tillin, N. A., and Bishop, D. (2009). Factors Modulating Post-Activation
Potentiation and its Effect on Performance of Subsequent Explosive
Activities. Sports Med. 39, 147–166. doi:10.2165/00007256-200939020-00004

Tsoukos, A., Brown, L. E., Terzis, G., Veligekas, P., and Bogdanis, G. C. (2020).
Potentiation of Bench Press Throw Performance Using a Heavy Load and
Velocity-Based Repetition Control. J. Strength Cond. Res. Publ. Ahead Print 35,
S72–S79. doi:10.1519/JSC.0000000000003633

Tsoukos, A., Brown, L. E., Veligekas, P., Terzis, G., and Bogdanis, G. C. (2019).
Postactivation Potentiation of Bench Press Throw Performance Using Velocity-
Based Conditioning Protocols with Low andModerate Loads. J. Hum. Kinet. 68,
81–98. doi:10.2478/hukin-2019-0058

Vandenboom, R. (2016). Modulation of Skeletal Muscle Contraction by Myosin
Phosphorylation. Compr. Physiol. 7, 171–212. doi:10.1002/cphy.c150044

Weakley, J. J. S., Till, K., Read, D. B., Roe, G. A. B., Darrall-Jones, J., Phibbs, P. J.,
et al. (2017). The Effects of Traditional, Superset, and Tri-set Resistance
Training Structures on Perceived Intensity and Physiological Responses.
Eur. J. Appl. Physiol. 117, 1877–1889. doi:10.1007/s00421-017-3680-3

Wilk, M., Gepfert, M., Krzysztofik, M., Mostowik, A., Filip, A., Hajduk, G., et al.
(2020a). Impact of Duration of Eccentric Movement in the One-Repetition
Maximum Test Result in the Bench Press Among Women. J. Sports Sci. Med.
19, 317–322. doi:10.1519/1533-4287(2005)19<202:AEOPOO>2.0.CO;2

Wilk, M., Golas, A., Zmijewski, P., Krzysztofik, M., Filip, A., Coso, J. D., et al.
(2020b). The Effects of the Movement Tempo on the One-Repetition
Maximum Bench Press Results. J. Hum. Kinet. 72, 151–159. doi:10.2478/
hukin-2020-0001

Wilson, J. M., Duncan, N. M., Marin, P. J., Brown, L. E., Loenneke, J. P., Wilson, S.
M. C., et al. (2013). Meta-Analysis of Postactivation Potentiation and Power:
Effects of Conditioning Activity, Volume, Gender, Rest Periods, and Training
Status. J. Strength Cond. Res. 27, 854–859. doi:10.1519/JSC.0b013e31825c2bdb

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article or claim that may be made by its manufacturer is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Trybulski, Makar, Alexe, Stanciu, Piwowar, Wilk and Krzysztofik.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Physiology | www.frontiersin.org July 2022 | Volume 13 | Article 8407227

Trybulski et al. PAPE: Active Intra-Complex Recovery

https://doi.org/10.1123/ijspp.2016-0627
https://doi.org/10.1519/JSC.0000000000002422
https://doi.org/10.1371/journal.pone.0180223
https://doi.org/10.1080/14763141.2016.1260767
https://doi.org/10.1080/14763141.2016.1260767
https://doi.org/10.1515/hukin-2015-0197
https://doi.org/10.2165/00007256-200535070-00004
https://doi.org/10.1249/01.mss.0000121945.36635.61
https://doi.org/10.3390/ijerph182111530
https://doi.org/10.3390/ijerph17072554
https://doi.org/10.1249/MSS.0000000000002131
https://doi.org/10.1249/MSS.0000000000002131
https://doi.org/10.1519/JSC.0000000000003802
https://doi.org/10.3389/fphys.2020.598628
https://doi.org/10.2478/hukin-2020-0017
https://doi.org/10.2478/hukin-2020-0017
https://doi.org/10.3390/ijerph16244897
https://doi.org/10.1519/SSC.0000000000000600
https://doi.org/10.1519/SSC.0000000000000600
https://doi.org/10.1519/SSC.0000000000000265
https://doi.org/10.1519/SSC.0000000000000265
https://doi.org/10.3389/fphys.2021.651659
https://doi.org/10.23736/S0022-4707.16.06418-5
https://doi.org/10.1519/JSC.0b013e3181dc3a53
https://doi.org/10.1007/s40279-015-0415-7
https://doi.org/10.2165/00007256-200939020-00004
https://doi.org/10.1519/JSC.0000000000003633
https://doi.org/10.2478/hukin-2019-0058
https://doi.org/10.1002/cphy.c150044
https://doi.org/10.1007/s00421-017-3680-3
https://doi.org/10.1519/1533-4287(2005)19<202:AEOPOO>2.0.CO;2
https://doi.org/10.2478/hukin-2020-0001
https://doi.org/10.2478/hukin-2020-0001
https://doi.org/10.1519/JSC.0b013e31825c2bdb
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology
www.frontiersin.org
https://www.frontiersin.org/journals/physiology#articles

	Post-Activation Performance Enhancement: Save Time With Active Intra-Complex Recovery Intervals
	1 Introduction
	2 Materials and Methods
	2.1 Experimental Approach to the Problem
	2.2 Subjects
	2.3 Procedures
	2.3.1 Familiarization Session and 1RM Strength Tests
	2.3.2 Experimental Sessions
	2.3.3 Measurement of Barbell Velocity During the Conditioning Activity
	2.3.4 Measurement of Barbell Velocity During Bench Press Throw Exercise


	3 Statistical Analyses
	4 Results
	4.1 Conditioning Activity Performance
	4.2 Bench Press Throw Performance

	5 Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


