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 Effects of Postactivation Performance Enhancement  
on the Vertical Jump in High-Level Volleyball Athletes 

by 
Guilherme P. Berriel1, Ananda S. Cardoso1, Rochelle R. Costa1, Rodrigo G. Rosa1, 
Henrique B. Oliveira1, Luiz Fernando M. Kruel1, Leonardo A. Peyré-Tartaruga1 

The objective of this study was to evaluate the effects of a training session with and without an intervention of 
postactivation performance enhancement (PAPE) on countermovement jump (CMJ) height, perceived recovery status 
(PRS), and ratings of perceived exertion (RPEs), followed by a specific volleyball training session. The sample consisted 
of sixteen professional male volleyball players, with an average age of 26.8±6.1 years and average height of 195.9±6.7 
cm, randomly divided into a group with PAPE intervention (GPAPE) (n=8), and a control group (CTRL) without 
PAPE intervention (n=8). The control group carried out the training session with plyometric exercises, and the GPAPE 
added conditioning protocols for PAPE to plyometric training, followed by a technical tactical volleyball session. At the 
end of the training session, there was an increase of 16.3% in the height of the CMJ in the GPAPE, while the CTRL 
showed a decrease of 5% in the height of the CMJ. PRS and RPE variables did not differ between the groups. It was 
concluded that PAPE had a positive effect on the height of the vertical jump after plyometric training, which was 
maintained until the end of the technical and tactical volleyball session. 
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Introduction 

The ability to jump vertically is 
paramount in volleyball techniques such as 
serving, attacking, setting, and blocking (Sattler et 
al., 2012). Therefore, considering elite athletes, 
there is a necessity to use innovative and 
advanced methods of strength and power training 
to improve volleyball performance. Specifically, 
these methods need to be optimized in terms of 
the load to enable explosive movements to 
promote extreme adaptation in jump performance 
during the entire volleyball game (McCann and 
Flanagan, 2010; Sheppard and Newton, 2012). 

Complementary strategies such as 
postactivation performance enhancement (PAPE) 
have received significant attention (Kilduff et al., 
2007; Krzysztofik and Wilk, 2020; Zimmermann et 
al., 2020). PAPE is aimed at increasing muscle 
strength and power in response to a previous 

conditioning activity like sets of heavy-loaded 
(80–90% 1-RM) (Bevan et al., 2010) resistance 
exercises employing free-weights (Chen et al., 
2017) or variable resistance training (Comyns et 
al., 2006). This phenomenon may have a short 
half-life, but enhancement in voluntary force 
production detected several minutes after the  
conditioning activity is also observed (Blazevich 
and Babault, 2019). 

The postactivation performance 
enhancement (PAPE) is a 
physiological/neuromuscular phenomenon 
associated with acute improvement in muscular 
performance. While the postactivation 
potentiation has been largely explained by an 
increased myosin light chain phosphorylation 
occurring in type II muscle fibers, PAPE is 
underpinned by changes in muscle temperature, 
muscle/cellular water content, and muscle  
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activation resulting in voluntary force 
enhancement detected several minutes after high-
intensity muscle contractions (Blazevich and 
Babault, 2019; Boullosa et al., 2020). 

Studies applying PAPE in highly trained 
volleyball athletes are scarce. McCann and 
Flanagan (2010) evaluated 16 college-level players 
and showed that PAPE intervention showed an 
improvement in the vertical jump at 4 or 5-min 
after 5 repetitions maximum (RM) of either the 
back squat or the hang clean. Also, Chen et al. 
(2017) evaluated the acute effect in college 
volleyball and basketball athletes showing similar 
positive effects on vertical jump performance of 
different conditioning activities to induce the 
PAPE phenomenon (5RM squat loads and one set 
of five repetitions using different percentages of 
optimal drop jump height). Although when 
considering positive responses arising from 
PAPE, it should be noted that the dose-response 
and the manipulation of times and sequences of 
conditioning activities can interfere with these 
responses. An important issue for conditioning 
professionals is the perceptual response during 
periods after the application of PAPE, for 
example, during tactical volleyball training. 
Adequate training loads and recovery have been 
identified as essential elements to improve 
performance and well-being in team sports and 
avoid non-functional overreaching and 
overtraining. In a recent study, positive 
adaptation elicited by training stimuli was 
accompanied by high levels of stress and muscle 
damage, together with lower perceptions of 
recovery during the championship preseason 
(Berriel et al., 2020). 

Indeed, performing maximum or 
submaximal strength sets of exercises for PAPE 
induction may lead to higher ratings of perceived 
exertion (RPE) by the effects of fatigue in athletes 
at the end of the training session, even when these 
athletes have similar perceived recovery status 
(PRS). Abbes et al. (2018) showed the RPE values 
did not differ between the PAPE control 
conditions showing no significant improvement 
in performance. Timon et al. (2019) showed no 
significant differences in the RPE when 
comparing two protocols of the PAPE, even when 
the PAPE showed a positive effect on squat jump 
performance. However, we could not find studies 
which evaluated perceptions of effort and  
 

 
recovery regarding plyometric training sessions 
followed by a specific volleyball training session 
with PAPE intervention in volleyball athletes.  

Therefore, we aimed to evaluate the 
effects of a plyometric training session with and 
without PAPE followed by a specific volleyball 
training session on CMJ, PRS, and RPE in high-
level volleyball athletes. We hypothesized that 
PAPE would improve jump performance and, the 
RPE and PRS would remain similar for PAPE and 
control conditions. 

Methods 
 Experimental approach  
 The study sample was randomly divided 
into two groups: a group with PAPE intervention 
(GPAPE) and a control group without PAPE 
intervention (CTRL). Athletes were allocated to 
the groups before training sessions. The 
randomization method was performed using the 
SPSS version 22.0 (IBM, Chicago, EUA).  

Plyometric training was performed by 
both groups. The determination of the load and 
optimum PAPE time was carried out prior to 
training. The training session was conducted after 
2 days of rest. Before starting the training session, 
PRS and CMJ heights were assessed. Plyometric 
training was then performed with or without 
PAPE intervention, followed by technical and 
tactical volleyball training. At the end of the 
volleyball training session, CMJ height and the 
RPE were evaluated (Figure 1). This study was 
carried out during the pre-season.  
Participants 
 Sixteen professional male athletes 
participated in the study, with an average age of 
26.8±6.1 years, an average body mass of 
92.4±9.4kg, an average height of 195.9±6.7cm and 
average body fat content of 11.3±1.6%. The 
inclusion criteria were players of a high-
performance volleyball team from Brazil, players 
with at least two years of experience in national 
and international competitions, players who 
trained for a minimum of 4 hours per day, and 
subjects that did not use supplementation. We did 
not collect the data of athletes, who, under the 
guidance of the team’s medical department, were 
unable to perform the proposed tests. 
 Before participating in the study, athletes 
read and signed a free and informed consent form 
containing all the information relevant to the  
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study. This study was approved by the Research 
Ethics Committee of the Federal University of Rio 
Grande do Sul (opinion number: 1,464,312). 
Procedures 

Determination of the load and optimum PAPE 
time: The hack squat RM protocol was developed 
based on the work of Jo et al. (2010) and involved 
the players completing a standardized warm-up 
of 5-min cycling (60W, 1-kg resistance) on a cycle 
ergometer (Cibex, EUA). Following a 2-min 
recovery period, they performed 10 unloaded 
hack squats, 8 repetitions at 40% estimated 1RM, 6 
repetitions at 60% estimated 1RM, and 4 
repetitions at 70% estimated 1RM with a 3-min 
rest interval between each load. After resting for 
3-min, 3RM were determined by trial and error 
using the Lombardi (1989) table to estimate the 
load at each attempt. An interval of 5-min was 
allowed between each attempt (Reynolds et al., 
2006). The largest weight with which the 
participant was able to perform the exercise was 
adopted as the load for the 3RM (Kilduff et al., 
2007). 

The test determined the maximum load 
squat in three maximum repetitions (3RM) of the 
Hack-Squat exercise (Hack-Squat, Athletics, Santa 
Catarina, Brazil). The test consisted of the athlete 
performing a lift from a 90° flexion position of the 
knee and hip to the 180° extension of the same 
joints and the positioning of the feet in the 
anatomical position. The control of knee and hip 
flexion was done by a goniometer (Goniometer 
Shahe, Chengdu Sanhe, China), with a limiter to 
guarantee execution at the correct angle and 3RM 
was performed at selected auto speed. Players 
regularly performed the hack squat during their 
weight training sessions, thus they were familiar 
with the exercise. 
 Thirty minutes after the 3RM load 
determination test, a 5-min warm-up run at 
8km∙h-1 was performed on a treadmill, followed 
by passive stretching of the lower limbs for 30s for 
each muscle group. After a 5-min rest interval 
athletes performed a CMJ to obtain the reference 
value. After another 10-min interval, participants 
performed the squat with a load relative to the 
3RM, followed by one CMJ. The execution of the 
CMJ occurred after 15s and 4, 8, 12, 16, 20, and 24-
min in a row after the 3RM of the squat were 
performed, as suggested by Kilduff et al. (2007). 
The most optimal rest interval for the emergence  
 

 
of PAPE was considered to be the one in which 
the participant achieved the highest vertical jump 
height after performing the 3RM of the squat 
(Kilduff et al., 2007; Mola et al., 2014).  

Vertical Jump Height Assessment: The CMJ 
was executed on a valid force plate (Hidrofit Ltda, 
Brasil) connected to software Multisprint 
(Multisprint, Belo Horizonte, Brazil) which 
estimates the height of the vertical jump 
according to flight time, using the following 
equation: h=g∙t2∙8-1 where h is the height, g is the 
acceleration value of gravity and t is the flight 
time (Bosco et al., 1983). The intraclass correlation 
coefficient (ICC) of measurements between 
familiarization and the test for prescription of 
training loads and optimal rest intervals for PAPE 
was 0.97 for 15s, 0.96, 0.87, 0.91, 0.91, and 0.91 for 
4, 8, 12, 16, and 20-min, respectively. 

PRS and RPE: The athletes’ perceived 
recovery status was evaluated using the PRS scale 
applied by Laurent et al. (2011). Athletes were 
asked to answer the following question: What is 
your perception of recovery at the moment? 
Participants provided their responses by pointing 
on the scale. The scale scores ranged from 0 to 10, 
where 0 was equivalent to no recovery and 10 was 
equivalent to full recovery. 

The RPE was assessed using the CR-10 
scale (Borg, 1982). Athletes were asked to answer 
the following question: What was your perception 
of effort in the today’s match or training? They 
pointed their responses on the scale. The scale 
indexes varied from 0 to 10, where 0 was 
equivalent to no effort and 10 was equivalent to 
maximal effort. Athletes were familiarized with 
the scales. 

Training session: Participants performed a 
5-min warm-up run at 8km∙h-1 on a treadmill, 
followed by passive stretching of the lower limbs 
for 30s for each muscle group. Then, all 
participants performed a pre-training test to 
determine the maximum CMJ height on the force 
plate. From here, the GPAPE athletes underwent 
three sets of exercises to induce the PAPE 
phenomenon, based on the work of Kilduff et al. 
(2007) in which each set consisted of 3RM for the 
squat exercise, followed by an individual optimal 
rest interval, pre-established in a test previously 
mentioned for the implementation of PAPE. At 
the end of the rest interval, a plyometric training 
session was performed consisting of a sequence of  
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CMJs in a target zone corresponding to the 
maximum height of the pre-training CMJ until 
jump performance dropped to 5% of the 
maximum height; training was performed on the 
force plate to control the height of the jumps 
during the exercise. When the athlete showed a 
5% drop in CMJ performance for three 
consecutive jumps, it was characterized as a state 
of fatigue, at which point the exercise was 
interrupted (Pereira et al., 2009). There was a rest 
interval of 5 min between each set. For the CTRL, 
only three sets with the CMJ sequence protocol 
were performed, with a rest interval of 5-min 
between each set, identical to the GPAPE. 

After training, athletes from both groups 
underwent a technical tactical volleyball training 
session for a period of approximately 60-min, and 
at the end of training, they performed a post-
maximal CMJ test on the force plate, as mentioned 
previously. 
Statistical analysis  

All data are presented as mean and 
standard error. For the jump height variable, the 
analysis of generalized estimation equations 
(GEE) was used, adopting the time and group 
factors, with a complementary Bonferroni test. For 
the PRS and RPE variables, the Shapiro-Wilk test 
was performed to test normality and, as the data 
were parametric, the Student’s t-test was used for 
independent samples. Differences were 
considered significant at p≤0.05 and all 
calculations were performed using SPSS software 
(version 22.0; IBM Corp., Armonk, NY, USA).  
Hedges’ g was used to determine the effect size 
(ES) with the 95% confidence interval (IC) of the 
difference between pre- and post-training in jump  
height, PRS, and RPE in the two groups 
(Rosenthal, 1996). The interpretation of ES’s 
magnitude was based on Hopkins (2002) criteria: 
<0.2 was trivial, 0.2–0.5 small, 0.6–1.1 moderate, 
1.2–1.9 large, and 2.0–4.0 very large.   

Results  
 The height of the CMJ was significantly 
different between the groups (p<0.001; g=.97; 95% 
CI=-.06; 2.01; moderate) after the training session. 
The GPAPE showed a significant increase in CMJ 
performance between the baseline values 
(38.26±4.44cm) and those obtained after the 
training session (44.81±2.69cm), while for the 
CTRL the height did not differ significantly  
 

 
between pre (37.03±4.40cm) and post training 
sessions (35.38±3.60cm), as shown in Figure 2.   

Athletes presented different PAPE 
induction times. Four athletes had an optimal 
time of 4-min, 8 athletes had an optimum time of 
8 min, 3 athletes had an optimal time of 12-min, 
and only 1 athlete had an optimum time of 20-
min. The mean time with standard error was 
8.5±1.12-min. 

Both the groups did not show significant 
differences in the means of PRS and RPE, as 
shown in Figure 3. The GPAPE had an average of 
7.30±0.70 and the CTRL 7.10±0.61 for the PRS in 
the pre-training session (p>0.05; g=.10; 95%CI=-.88; 
1.08; trivial). Immediately after the training 
session, there were no significant differences for 
the RPE between the groups, with the GPAPE 
showing an average of 4.30±0.44 and the CTRL 
showing the value of 4.50±0.37 (p>0.05; g=.16 
95%CI=-.82; 1.14; trivial) (Figure 3). 

Discussion 
The aim of this study was to evaluate the 

effects of a training session with and without 
PAPE intervention, followed by specific volleyball 
training, on the height of the CMJ, PRS, and RPE 
in volleyball players. Athletes increased the 
average height of the CMJ by 16.3% from the 
baseline values to after the training session in the 
GPAPE. The CTRL showed no difference in the 
height of the jump between the two conditions. 
This difference between the groups suggests a 
positive effect of PAPE intervention on CMJ 
performance after about 20-min of plyometric 
training followed by 60-min of tactical and 
technical training in volleyball players. 
Furthermore, the perceptual responses after the 
session (RPE) and at the beginning of the 
following training session were not modified 
when comparing the two conditions. To the best 
of our knowledge this is the first study to observe 
positive acute responses in jump performance 
while showing no perceptual impairment when 
applying PAPE in high-level volleyball players. 

The literature shows that PAPE enhances 
voluntary muscle function (Blazevich and 
Babault, 2019). Studies which have assessed PAPE 
mechanisms are usually acute-effect evaluations. 
The findings of the present study show similar 
results after the training session to those of 
McCann and Flanagan (2010), but with greater  
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magnitude. McCann and Flanagan (2010) assessed 
university level volleyball players; after 
performing five RMs of the squat exercise; players 
showed a 5.7% improvement in vertical jump  

 
performance at the 4th or 5thmin after the 
conditioning activity which was lower than the 
value found in the present study.  

 
 
 
 
 

 
Figure 1  

Experimental design and procedures. 
 

 
Figure 2  

The paired Hedges' g for two comparisons are shown in the above cumming estimation 
plot. The raw data are plotted on the upper axes; each paired set of observations is connected 
by a line. On the lower axes, each paired mean difference is plotted as a bootstrap sampling 
distribution. Mean differences are depicted as dots; 95% confidence intervals are indicated 

by the ends of the vertical error bars. 
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Figure 3  

The Hedges' g between group with PAPE induction (GPAPE) and group without PAPE 
induction (CONTROL) is shown in the above Gardner-Altman estimation plot to 

perceived recovery status (PRS) and ratings of perceived exertion (RPEs). Both groups are 
plotted on the left axes; the mean difference is plotted on floating axes on the right as a 

bootstrap sampling distribution. The mean difference is depicted as a dot; the 95% 
confidence interval is indicated by the ends of the vertical error bar. 

 
 
 
 

 
This can be attributed to the difference in 

the performance level of athletes and difference to 
access responses (around 80-min after the 
conditioning activity). Chiu et al. (2003) compared 
the acute effects of PAPE in athletes who used 
explosive strength, compared to recreationally 
trained subjects, and showed significantly higher 
results in strength and power for athletes (p<0.05), 
suggesting that they achieved greater activation of 
the involved musculature; thereby, generating 
more effective responses in mechanisms that 
induced the PAPE phenomenon. This could 
explain the possible percentage differences 
between the findings of the present study and of 
McCann and Flanagan (2010) since both evaluated 
volleyball athletes. 

A study by French et al. (2003) evaluating 
athletes who used power in their sporting 
movements showed an increase in drop jump  
height of 5.0% after performing  three maximum 
voluntary contractions (MVCs) of three seconds,  
but without differences in the CMJ. According to 
the authors, it is important for the induction of  
 

PAPE, to have knowledge of the nature of the 
exercise, and the volume capable of generating 
the response of the phenomenon. Our findings 
show positive effects of 3 sets of 3RM hack-squat 
exercise, with significant results for the CMJ and 
its height, which are widely used as performance 
indicators of volleyball athletes (Sheppard and 
Newton, 2012). 

Kilduff et al. (2007) evaluated professional  
rugby players and although did not evaluate CMJ 
height, they observed improvement in peak 
power through CMJ performance after the squat 
exercise with a load of 3RMs. Petisco et al. (2019) 
showed positive results of 3.7% for the squat jump 
and 2.2% for the CMJ after warming up with  
squats performed at 80% of 1RM in soccer 
athletes. These results corroborate the findings of 
the present study in lower magnitude, however, 
the strategy used in the present study differed  
from that in the study by Petisco et al. (2019) who 
used five repetitions at 80% 1RM to induce PAPE, 
which may have resulted in less stimulus.  

Conversely, various studies showed  
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similar effects of resistance training inducing the 
PAPE phenomenon and plyometric training on 
the jumping performance responses. Chen et al. 
(2017) evaluated college volleyball and basketball 
athletes and showed similar effects of resistance 
training inducing the PAPE phenomenon and 
plyometric training on the jumping performance 
responses. Furthermore, Mola et al. (2014) found 
no significant differences in height and jumping 
power between the groups that performed a 
plyometric warm-up and the group with PAPE 
intervention. Till and Cooke (2009) showed that 
PAPE intervention was not effective in improving 
performance of sprints and jumps when 
compared to the control group, who performed 
only a warm-up protocol. 

This study showed positive effects of 
plyometric training combined with PAPE 
intervention on the ability to jump after 60-min of 
tactical-technical training in volleyball players, 
what seems important to athletes for the 
maintenance of jump performance during the 
entire training session and match. The increase in 
muscle temperature and the blood flow, and, 
subsequently, in the amount of water in muscles 
may explain the effects of PAPE for this period, as 
they are associated with an increase in muscle 
activation, the rate of strength development, and 
speed of contraction in muscles involving fast 
contraction and slow contraction (Blazevich and 
Babault, 2019). 

Regarding PRS and the RPE, the present 
study found no significant difference between the 
two groups for these variables, indicating that 
athletes in both groups showed a similar recovery 
result before training started. At the end of the 
training session, athletes in both groups reported  
a similar level of perceived exertion, which 
indicates that although the PAPE group had a 
higher training load than the plyometric group, it 
did not cause greater physical exhaustion. Similar 
results have been shown by Abbes et al. (2018) 
and Timon et al. (2019) without significant  
differences when comparing different protocols 
with post-activation performance enhancement.  

The literature shows that the ideal 
recovery time between the condition activity and  
explosive activity seems to be a decisive factor in 
inducng PAPE (Jo et al., 2010; Kilduff et al., 2007; 
Mola et al., 2014). In our study, athletes presented 
different optimal times for PAPE induction,  
 

 
varying between 4 and 20-min. This result 
corroborates with the literature that suggests that 
the optimal application time of PAPE does not 
exceed 20 min (O’Leary et al., 1997; Vandervoort 
et al., 1983).  Kilduff et al. (2007) in a study with 
rugby athletes, using a voluntary contraction 
protocol that consisted of performing 3 repetitions 
of the squat exercise with 90% of 1RM and 
performing vertical jumps, 15-s, 4, 8, 12, 16, 20, 
and 24-min after the squat execution, found that 
PAPE was the most efficient in the period from 
the 8th to the 12thmin post-stimulus. In another 
study by Comyns et al. (2006) anaerobic sports 
athletes (sprinters, jumpers, and rugby players) 
used the squat with 5 maximum repetitions and 
performed a vertical CMJ after 30-s, 2, 4, and 6-
min; those authors observed a significant 
improvement in the jump height after 4 min of the 
conditioning activity. In the present study, the 
optimal time for the application of PAPE was 
similar to that found in the literature and also 
justifies the postactivation potentiation (PAP) 
evaluation model proposed by Kilduff et al. (2007) 
which suggests that an individual assessment is 
required to be made to determine the optimal 
time for PAPE, since there seems to be no 
standard time for its best use.  

Among the possible limitations of the 
present study is the vertical jump height 
assessment only after the training session. This 
study was carried out during the basic training 
period of athletes when the training window 
might be larger than that during competitive 
periods. We did not find other studies which 
observed the effects of PAPE intervention after 
plyometric training followed by tactical-technical 
training and its effects. All previous studies have  
evaluated performance of jumps immediately 
after the induction of PAPE. Moreover, this study 
shows important results regarding PAPE effects 
in high-level athletes after 20-min plyometric 
training followed by 60-min tactical-technical 
training on volleyball performance, of significant  
variables for volleyball performance, such as jump 
height.  
Conclusions 

Therefore, it could be concluded that  
there was superiority of the GPAPE in relation to  
the CTRL, with a significant increase in the height 
of the CMJ and no differences between the groups 
in the perception of effort after training. 
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This study showed a positive effect on the 

ability to jump after the induction of PAPE (20-
min intervention + 60-min tactical-technical 
training in volleyball), and without significant  

 
difference between the CTRL to the RPE after the 
training session.  
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