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The role of different rest periods on post- D
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Abstract

Background The optimal combination of factors such as rest duration, type of activity, and individual variability for
maximizing post-activation performance enhancement (PAPE) following plyometric conditioning activity (plyometric
CA) remains a subject of debate. To investigate the effects of different rest periods (4, 8, and 12 min) on performance
following plyometric CA, this randomized controlled study was conducted.

Methods Twenty physically active men were included in this study (mean +SD: age 20.74+ 1.94 years, with a range
of 18-24 years, body weight 70.61 +3.01 kg, and height 176 £ 1.8 cm). Participants familiarized themselves with

the plyometric CA protocol through a preliminary session involving three sets of ten tuck jumps to ensure proper
technique. A familiarization test was performed on the first day. They performed in a vertical jump test with different
rest periods (4, 8, 12 min) between tests, set at 48-hour intervals and the randomized design was compared to the
control group. The data obtained were analyzed using appropriate statistical tests in SPSS 25 and Microsoft Office
Excel.

Results Although no statistically significant differences were observed between conditions (p>0.05), a consistent
increasing trend in performance indicators was noted following 4-, 8-, and 12-minute rest intervals. Compared to the
control condition, jump height increased by 2.81%, 2.95%, and 3.01%; peak power output (PPO) increased by 1.84%,
1.94%, and 2.59%; and PPO relative to total body mass increased by 2.04%, 2.06%, and 2.15%, respectively.

Conclusions In conclusion, the findings highlight the complexity of rest interval effects on PAPE and suggest the
necessity of individualized rest strategies to optimize athletic performance.
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Introduction

Both acute and chronic increases in physical function are
among the goals of practitioners in athletic and clinical
settings [1]. While chronic improvements require exer-
cise periodization [2], acute performance increases can
be achieved in the short term by various physical and/or
psychological strategies applied during training sessions,
during or before sporting competition [1]. Studies aimed
at improving sports performance have necessitated the
inclusion of acute effective methods that increase explo-
sive force production in a short time [3—6]. Among these
approaches, post-activation performance enhancement
(PAPE) is defined as an acute increase in muscle perfor-
mance as a result of prior high intensity or ballistic load-
ing [1, 7, 8]. This concept focuses on the assessment of
the neuromuscular phenomenon traditionally known as
post-activation potentiation (PAP) through direct vol-
untary performance outcomes (e.g. vertical jump, sprint,
force production, etc.) rather than through electrically
evoked twitch force measurements [9]. Traditional high
or moderate intensity strength exercises are often used to
initiate PAPE [10]. Furthermore, PAPE has been reported
post plyometric exercises [10], which involve the stretch-
shortening cycle to store energy and produce more pow-
erful movement [11, 12].

Plyometric exercises use different types of jumps (bilat-
eral, unilateral, bounds, hops, and drop jumps) [11, 12]
and do not depend on equipment and implements, dem-
onstrating a practical advantage compared to traditional
high- or moderate-intensity pliometric CA [8, 13]. Plyo-
metric CA is often preferred to obtain the PAPE effect
[12], especially body weight jumping types acutely acti-
vate the neuromuscular system by stimulating the mus-
culoskeletal system [10, 14]. Turner et al. [15] reported
that the use of plyometric CA is an effective technique
to improve sprint performance by triggering PAPE. It
has also been reported that PAPE practices increase the
potential for strength development [16, 17]. This provides
an important advantage especially in sports requiring
high speed. However, not only the type of plyometric CA
but also the rest period after loading is a critical variable
in the emergence of this effect.

Although fatigue develops after plyometric CA, poten-
tiation occurs simultaneously. The ratio between these
two processes determines the magnitude of the perfor-
mance gains [17]. Indeed, insufficient rest time can lead
to muscle fatigue becoming dominant and hindering per-
formance gains, while excessively long rest intervals can
reduce the effect of neuromuscular stimulation. In this
regard, Fontonetti et al. [18] reported that similar or even
more favorable improvements in CMJ performance were
observed when elite athletes were given the opportunity
to set rest periods according to their individual prefer-
ences instead of fixed rest periods. Similarly, Xu et al.
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[19] reported that fixed rest periods of 4, 8 and 12 min
resulted in different performance outcomes when indi-
vidual differences were taken into account. Furthermore,
Blazevich and Babault [1] emphasized that individual
characteristics such as training history, muscle fiber com-
position and strength capacity significantly influence the
PAPE effect and therefore rest periods should be deter-
mined individually.

On the other hand, it was suggested that the rest period
after plyometric CA influences the magnitude of PAPE
[10, 20]. Apparently, PAPE is only reported when poten-
tiation is greater than fatigue [10], because fatigue and
potentiation occur simultaneously in this process [21].
Boullosa [7] suggested that a pronounced PAPE effect
occurs 5-10 min after CA. However, PAPE may be influ-
enced by the type of CA, and improvement in voluntary
muscular performance may be reported 0.3—4 min after a
plyometric CA [10]. For example, improvement in coun-
termovement jump (CM]J) performance was reported
1-5 min after multiple sets of plyometric CA performed
by professional rugby union players [22]. However, no
effect was observed in rest periods longer than 5 min in
the same study [22]. In another study conducted on male
university soccer players, a significant increase in CM]J
performance was found after plyometric CA [23]. On
the other hand, Pereira et al. [24] reported that no posi-
tive results were obtained in the PAPE effect evaluated
at rest intervals of 7 and 15 min after plyometric CA in
elite runners. The inconsistencies between these reported
findings [22-24] and the limited number of studies exam-
ining the effect of PAPE, especially after plyometric CA
[10], make it difficult to understand the temporal dynam-
ics of performance responses following such condition-
ing and increase the need for new research in the field.

The aim of this study was to investigate the temporal
response of PAPE following a plyometric CA supported
by a plyometric CA at rest intervals of 4, 8, and 12 min.
To investigate the effects of different rest periods (4, 8,
and 12 min) on performance following plyometric CA,
this study was conducted.

Material and method

Participants

The participants were university students with a regular
sports background, actively training in various sports
disciplines at intermediate to advanced levels. Twenty
active men were included in this study (mean+SD: age
20.74£1.94 years, age range 18-24 years, body weight
70.61+3.01 kg, and height 176 £ 1.8 cm). The participants
were recruited from the Faculty of Sports Sciences, and
all were members of university teams or licensed ath-
letes competing at regional or national levels. Inclusion
criteria were absence of any injury or illness (PAR-Q),
regular training of at least 3 units per week, and regular
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participation in competitions. All subjects were informed
about the potential risks and benefits of the available pro-
cedures and signed a written informed consent form. The
Alanya Alaaddin Keykubat non-interventional clinical
research ethics committee approved this study. All pro-
cedures were conducted in accordance with the Decla-
ration of Helsinki for studies involving human subjects
(December 2013, Brazil).

Statistical software (G*Power, Diisseldorf, Germany)
was used to calculate the sample size. The 2-way analy-
sis of variance (ANOVA) was planned with a total sam-
ple size of 16 subjects, given a medium overall effect
size (ES) f=0.25, a-error<0.05, and desired power (1-8
error) =0.8. To avoid the effects of any possible attrition
on statistical power, 20 subjects were included in the
study.

Study design

Participants were involved in the measurements a total of
five times (Fig. 1). On the first day, a familiarization test
was performed, and the participants were introduced to
and supervised during the 3x10 tuck jumps plyomet-
ric CA. Then, participants were instructed to perform
repeated countermovement jumps (CMJ) continuously
for 15 s, aiming to achieve the maximum possible num-
ber of jumps within this time frame. In addition, body
weight, height, and body composition measurements of
all participants were taken on the familiarization test day.
After the familiarization test day, participants performed
control (CONTROL), plyometric preload with 4 min rest
(PLIO4), plyometric preload with 8 min rest (PLIO8), and
plyometric preload with 12 min rest (PLIO12) trials in a
randomized, cross-over, counterbalanced study design.
There was a 48-hour rest interval between test days. All
tests were performed between 11:00 and 12:00, 2-3 h
after breakfast. Participants were asked to standardize
their breakfast before each test day. They were asked to
note their breakfast before each test, and to repeat this

(2025) 17:254

L
First Day ...48 Third Day ..4.8 Fifth Day o° .8 Seventh Day ..1:8 Ninth Day
.« [a Hours L]
Trial and adaption ®ei% .0.7:’,2:?. o’ .0.72?::.
[ ] ([ ] [ ]

Page 3 of 9

for the other test days. Participants were warned not
to consume alcohol and caffeine 24 h before the tests.
Participants were first asked to do a general warm-up
for 15 min, comprising 10 min of jogging (10 min run
at ~60-70% HRmax) and 5 min of dynamic warm-up
stretches suitable for the lower extremities. After the
warm-up, a protocol of 3 x 10 tuck jumps was performed.
After 0 (no rest), 4, 8, and 12 min of passive rest, a 15-sec-
ond vertical jump test was performed. In the control
session participants completed the same standardized
warm-up and 3x 10 tuck jumps as in the other experi-
mental conditions. However, they performed the 15-sec-
ond repeated CM]J test immediately after the last jump
repetition, without any rest period. This session served
as the 0-minute recovery condition. In the repeated CM]
test, the highest jump height, average height, and power
drop percentage were calculated.

Data collection

All measurements were performed in the laboratory of
the Faculty of Sports Sciences, Ankara University, in an
environment of 22 degrees Celsius and 50% humidity,
which is considered optimal. These conditions ensure
precise measurement outcomes. The participants’ height
was measured using a wall-mounted stadiometer (Hol-
tain, UK) with an accuracy of + 1 mm. Body weights were
measured using an electronic scale (Tanita TBF401A,
Japan) with an accuracy of +100 g. Body fat percentage
measurements were performed using the Jawon Seg-
mental body composition analyzer Avis 333 Plus (Korea),
which has an accuracy of +100 g for weight measure-
ment. Participants were asked to come for body weight
measurements having an empty stomach and without
drinking water. This was completed by holding the hand
electrodes for approximately 10 s and ensuring firm con-
tact with the arms at a 30° angle. The measurements were
then recorded for calculations. Body mass index (BMI)
measurements were evaluated using the kg/m?* formula.

Anthopometric Measurement

 Age (year)

¢ Body Mass (kg)
* BMI
o

Warm-Up (15 min)
* Jogging (10 min)
¢ dynamic warm-up
stretches suitable for

an

(5 min)
Participants
* 20 male athletes (football,
handball, rugby)

the lower extremities | Tuck Jumps/\

Warm-Up (15 min)

W

3x10 Tuck Jumps Test
(plyometric pre-loading)
30 seconds rest between
each set

W

Repeated CMJ Test
Active jumping has been
performed for 15 seconds

Warm-Up (15 min)

W

3x10 Tuck Jumps Test
(plyometric pre-loading)
30 seconds rest between
each set

H

4 min. rest

Repeated CMJ Test
Active jumping has been
performed for 15 seconds

Warm-Up (15 min)

W

3x10 Tuck Jumps Test
(plyometric pre-loading)
30 seconds rest between
each set

W

8 min. rest

Repeated CMJ Test
Active jumping has been
performed for 15 seconds

Warm-Up (15 min)

W

3x10 Tuck Jumps Test
(plyometric pre-loading)
30 seconds rest between
each set

W

12 min. rest

W

Repeated CMJ Test
Active jumping has been
performed for 15 seconds

Fig. 1 Study design
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Table 1 Anthropometric characteristics of participants

Variables x+SD

Age (years) 20.7+19
Height (cm) 176.9+1.8
Body Mass (kg) 7061+3.01
Body Fat Percentage (%) 157+14
Body Mass Index (kg/mz) 22.55+220

x: mean, SD: Standard Deviation

Determination of vertical jump performance

In this study, multiple sets (3x10 repetitions) of tuck
jumps were performed as preload practice. Participants
performing a multi-set (3x10) tuck jump were given a
30-second rest period between sets [25]. During the tuck
jump, participants were instructed to pull their knees up
toward their own abdomen and to minimize the contact
time with the ground between repetitions.

The vertical jump performance of the participants was
measured using the Smartjump device, a photocell-con-
nected mat (Fusion Sport, Australia). The participants
were positioned on the mat with their feet shoulder-
width apart, with their knees bent at a 90° angle, and
leaning forward with their arms fixed at the waist [26].
The participant tried to jump as high as possible for 15 s
without interruption. The maximum and minimum jump
heights were determined, within 15 s, to assist in calcu-
lating the arithmetic mean of all jump heights [27].

Statistical analysis

All statistical analyses were performed using SPSS soft-
ware (version 26.0; SPSS, Inc., Chicago, IL, USA) and
presented as means (+SD). In addition, 95% confidence
intervals (95% CI) were calculated for mean values and
mean differences. Statistical significance was set at
p<0.05. Shapiro—Wilk and Mauchly’s tests were applied
to assess normality and sphericity of variance in the
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sample data. The data were found to be normally dis-
tributed. To assess the assumption of homogeneity of
variances, Levene’s test was performed, and the results
indicated that the variances were homogeneous across
groups (p>0.05). The effect of a plyometric preload pro-
tocol with 3x10 tuck jumps and different rest intervals
on 15-second vertical jump performance was tested
with repeated measures two-way analysis of variance
(ANOVA). In addition, the effect size (n°) was calculated.

Results
Table 1 provides descriptive information about the physi-
cally active males participating in the study.

Table 2 presents the ANOVA results evaluating the
effects of different rest periods on PPO/Total Mass
(Watt/kg), PPO (W), and jump height (cm). In terms of
PPO/Total Mass, the mean was 47.04 +4.07 for the con-
trol group, 48.00 for the 4 min rest group 48.01 for the
8 min, and 48.05 for the 12 min. This indicates that rest-
ing time increased the Peak Power Output (PPO)/total
mass ratio value. However, the F value (0.293) and the
p-value (0.830) indicated no statistically significant dif-
ference. The effect size (n* = 0.012) shows that there is
a small effect. When examining the PPO (W) values, it
was observed that the average of the control group was
3302.60 + 554.70, while the averages of the other groups
were 3363.33 (4 min), 3366.55 (8 min), and 3388.25
(12 min) (Fig. 2). An increase in PPO values is observed
with an increase in resting time; however, the F-value
(0.091) and the p-value (0.965) show that there is no sig-
nificant difference. The effect size (n* = 0.004) was also
identified as small. In terms of jump height, the mean
of the control group was 35.55 cm, while the mean of
the 4-minute rest group was 36.55 cm, the 8-minute
rest group was 36.60 cm, and the 12-minute rest group
was 36.62 cm. Although an increase in jump height

Table 2 Plyometric preconditioning and jump height values across different rest durations

Variables Group n x+SD Percentage F p n? 95% ClI 95% ClI
Change (Effect (lower (upper

Size) bound) bound)

PPO / Total Body Control 20 47.04+4.07 - 0.293 0.830 0.012 45.08 49.01
Mass (W/kg) 4-Min Rest 48004421 2.81% (Low) 4596 5003
8-Min Rest 48.01+3.77 2.95% 46.19 49.83

12-Min Rest 48.05+3.58 3.01% 46.32 49.78

PPO (W) Control 3302.60+554.70 - 0.091 0.965 0.004 3035.24 3569.96
4-Min Rest 3363.33+516.07 1.84% (Low) 3114.59 3612.07

8-Min Rest 3366.55+533.10 1.94% 3109.60 3623.49

12-Min Rest 3388.25+518.91 2.59% 3138.14 3638.36

Jump Height Control 3555+435 - 0.285 0.836 0.012 3345 37.65
(cm) 4-Min Rest 36.55+4.60 2.04% (Low) 3433 3877
8-Min Rest 36.60+4.04 2.06% 34.66 38.55

12-Min Rest 36.62+3.95 2.15% 34.71 38.52

Z: mean, SD: Standard Deviation, PPO: Peak Power Output, Min: Minutes, Watt: W
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PPO / Total Body Mass (Watt/kg)
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Jump Height (cm)

Mean: 47.04
SD: 4.07

Mean: 48.00 Mean: 3302.60
SD: 4.21 . SD: 554.70
Mean: 48.01 Mean: 48.05

SD: 3.77 SD: 3.58

55.0 - 4500 M ean

4000

7.3 3500

Watt/kg
Watt

3000

2500

Mea
Mean: 3366.55 SD: 4.60

n: 36.55
) 460

45

dean: 3555 Mean: 36.60
s SD: 4.04

SD: 4.35

° 25
°

Control 4-Min Rest 8-Min Rest 12-Min Rest Control

4-Min Rest

8-Min Rest 12-Min Rest Control 4-Min Rest 8-Min Rest 12-Min Rest

Fig. 2 Averages of PPO/total body mass, PPO, and jump height at different rest durations

was observed as the rest periods increased, the F-value
(0.285) and p-value (0.836) showed that there was no sta-
tistically significant difference. The effect size (n* = 0.012)
reveals that there is a small effect here as well.

Discussion
The aim of this study was to investigate the effects of dif-
ferent rest periods (4, 8, and 12 min) on PAPE. Accord-
ing to the hypothesis of this study, a plyometric CA may
support the PAPE effect, and this effect is expected to last
up to 12 min following the plyometric CA. Our findings
support this notion, although the expected performance
improvements were not statistically significant. Overall,
rest periods do not seem to have a significant effect on
PPO/Total Mass, PPO, and jump height; however, they
appear to create a positive trend in all three variables.
When the literature is examined, recovery time stands
out as one of the important factors affecting PAPE ver-
tical jump performance. These factors include individual
responses [17], fatigue level [21], training history [1],
biological age [28], muscle fiber type [29], and muscle
strength [16]. The rest period after plyometric CA [30],
the type of plyometric CA, the intensity, and the bio-
mechanical similarity of the subsequent activity are also
important considerations [31]. In terms of the type of
pre-conditioning, traditional moderate and high-inten-
sity strength exercises, plyometric exercises, and maxi-
mal isometric contractions are used [10]. Different types
of plyometric exercises, or traditional high intensity exer-
cises, can produce different PAPE effects. This observa-
tion aligns with the findings of Sharma et al. [23], who
noted a greater reduction in CMJ height one minute after
heavy-resistance exercise compared to after plyometric
exercise. Although the underlying mechanisms were not
explored in their study, our results support the proposi-
tion by Seitz and Haff [10] that the PAPE effect may man-
ifest sooner following a plyometric conditioning activity.

In addition, the effect of individuals’ training levels on
performance is an important factor as emphasized in
the literature. It is expected that well-trained individuals
can overcome the fatigue caused by plyometric exercises
faster and perform at a higher level [17]. This situation
emphasizes the necessity of including plyometric exer-
cises in the training programs of physically active males.
In our study, although the participants were licensed
athletes, their average vertical jump heights were below
elite athlete levels. This may have influenced the results,
particularly in terms of their fatigue response. This could
explain why statistically significant differences were not
observed despite performance trends. The importance
of vertical jump performance, especially in sporting dis-
ciplines such as volleyball, is directly related to the abil-
ity of physically active males to gain an advantage over
their opponents [32]. It has been reported that plyomet-
ric exercises positively affect quickness and vertical jump
performance. However, in this study, when the effects of
different rest periods on the ratio of PPO to Total Mass,
PPO, and jump height were evaluated, no significant sta-
tistical differences were observed among the three vari-
ables (p>0.05). Relative PPO normalizes power output by
body mass, enabling more accurate comparisons among
individuals of varying sizes and improving sensitiv-
ity in heterogeneous populations compared to absolute
PPO values. However, an increasing trend was observed
for these parameters as rest time increased. This find-
ing indicates that appropriate rest duration contributes
to performance enhancement, but studies with larger
samples are needed [33]. In addition, plyometric exer-
cises vary depending on the adaptation level of individu-
als and the structure of the training program [34]. It has
been emphasized that traditional plyometric training
may not be sufficient for physically active males with a
certain level of jumping ability [35]. In this context, tak-
ing individual differences into consideration and creating
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personalized training plans can enhance performance
improvement [36]. Rest strategies should also be taken
into consideration.

In the study, the preference for plyometric CA is a
common practice in the literature, particularly due to
their potential to increase explosive power and jumping
performance [10]. In our study, performance measure-
ments were analyzed after 4, 8, and 12-minute rest inter-
vals, and while a trend toward performance improvement
was observed with longer rest periods, these differences
were not statistically significant. These results support
the notion that the effects of plyometric CA protocols
may vary between individuals and depending on rest
periods [17]. Additionally, as noted in Seitz and Haff’s
[10] meta-analysis, while plyometric activities contribute
to performance improvements, the optimal rest period
and protocol design may vary depending on individual
differences. Therefore, while the findings of our study
support the use of plyometric CA, they also highlight
the need for more detailed and individualized examina-
tion of the effects of rest periods and protocol parameters
on performance. Future studies should aim to maximize
performance-enhancing effects by comparing different
variations of plyometric CA protocols and rest strategies.

Fatigue effects are thought to predominate immedi-
ately after exercise [17]. Therefore, a precise timetable for
increases in performance is required. Short rest periods
(0-3 min) should be long enough, for the strengthening
effects to be greater than the fatigue effects, but not so
long that these effects fall back to baseline. To establish
this timeline, rest periods ranging from 10 s [37] to over
20 min [38], have been investigated, yielding ambigu-
ous results. Rest periods (4, 8, and 12 min) were cho-
sen as they were considered most appropriate to elicit
PAPE. Rest periods around 5.5 min have been suggested
as optimal for eliciting PAPE according to Xu et al. [19],
indicating that slightly shorter rest durations may maxi-
mize performance enhancement compared to longer
intervals. This evidence highlights the importance of
carefully selecting rest durations tailored to individual
responses. A rest period of 4 min was selected because
it represents one of the shortest durations capable of
eliciting PAPE, although previous studies have reported
mixed findings [37]. Following four minutes of rest, an
increase in CM] height was observed, which became
more pronounced after eight and twelve minutes of
rest. This finding coincides with our study’s observation
that jump height tended to increase in all resting condi-
tions compared to the jump height in the control group.
However, these increases were not statistically signifi-
cant (F=0.285, p=0.836, n* = 0.012), indicating a small
effect size. The findings align with those of Kilduff et al.
[39], who reported increased CMJ performance at 8 and
12 min after 3RM preload stimulation in professional
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rugby players. In contrast, Barreto et al. [8] reported sig-
nificant elevations in CMJ values only 1 min after plyo-
metric conditioning activity, suggesting that the PAPE
effect can appear earlier after plyometric CA. Similarly,
Tobin and Delahunt [22] observed that CM] performance
was higher after 1 min of rest compared to 3 and 5 min,
suggesting that plyometric CA provides an immedi-
ate improvement in performance. Exercise induces both
strengthening and fatigue effects; significant increases
were also reported at 18.5 min PAPE [40], but not at
20 min [38]. These varying results may be due to meth-
odological differences and characteristics of the subjects
tested. Seitz and Haff [10] emphasized that optimiz-
ing rest periods is critical for enhancing performance,
recommending an ideal window between 3 and 7 min
to balance fatigue and potentiation. Studies show that
recovery time plays a critical role in PAPE applications.
Karabel and Makaraci [41] reported that 8 min of recov-
ery after acute plyometric exercise improved unilateral
jump performance, while 6 min improved postural con-
trol. Similarly, Ferreira et al. [42] found that 8 to 12 min
of recovery significantly increased jump height in MMA
athletes, whereas shorter durations were ineffective.
Petré et al. [43] highlighted that 10 min of recovery after
HIIT reduced strength and explosive performance, but
6 h or more of rest showed no negative effects. Addition-
ally, Heynen et al. [44] demonstrated that elite female vol-
leyball players required 6 h of recovery after back squats
or depth drops for the PAPE effect to manifest. All these
findings suggest that recovery time in PAPE protocols
should be carefully tailored according to the type and
intensity of exercise to maximize performance benefits.
Consistent with the findings in the literature that the
PAPE effect usually occurs 5 min after conditioning
activity (CA) [7, 20], it was hypothesized that the plyo-
metric CA applied in our study could increase CM]J per-
formance at the 4th, 8th and 12th minutes. However,
although the findings were not statistically significant, it
was not possible to accept this hypothesis based on the p
value alone. However, the increase in mean jump height
observed in the 4th, 8th and 12th minutes after plyomet-
ric CA is noteworthy. This is similar to the PAPE effect
demonstrated in previous studies with the jump increases
observed after plyometric CA [8, 22]. In addition, stud-
ies in the literature reporting significant increases in CMJ
performance 8 min after plyometric CA [23] support our
findings at 8 and 12 min. Therefore, a more comprehen-
sive evaluation based not only on p-value but also on
effect size and mean differences supports the hypothesis
that plyometric CA can improve CM] performance up to
12 min after practice. However, further studies that take
into account individual differences and measurement
sensitivities are needed to strengthen this interpretation.
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Conclusions

This study examined the effects of 4-, 8-, and 12-minute
recovery periods on PPO, PPO/Total Mass, and jump
height after plyometric CA. Although statistically signifi-
cant differences were not obtained, an increase in per-
formance indicators was observed across all parameters
as the rest period increased. This indicates that recovery
periods of 4-, 8-, and 12-minutes may be more beneficial
for performance. However, it should be noted that this
effect depends on many variables, such as inter-indi-
vidual differences and levels of training and fatigue. The
results suggest that the effect of rest periods on perfor-
mance should be considered individually, and both prac-
tical benefits and statistical significance should be taken
into account when planning training.

Limitations

The study’s limitations include the participation of only
active male physically active males, and the results do
not consider individuals with different gender identities
and training backgrounds. Reasons for excluding female
participants include controlling for hormonal cycle
effects due to the 10-day measurement period, ensur-
ing measurement consistency, and limitations related to
time and resources. Rest periods (4, 8 and 12 min) were
chosen within a certain range, but whether these periods
were optimal was not determined, nor were the effects
of shorter or longer rest periods investigated. Although
the experimental design was cross-looped, participants
were not checked to ensure that they were fully rested
after each trial. As a result, the variation in fatigue lev-
els between individuals was underestimated. In addition,
it should be noted that the participants did not rest fol-
lowing the warm-up phase, which might have induced
residual fatigue before the jumping trials. This could have
influenced the overall performance outcomes, and future
studies may consider controlling post-warm-up recov-
ery duration to minimize this possible confounding fac-
tor. It should be noted that more comprehensive results
could be obtained by using different testing protocols or
techniques for evaluating vertical jump performance. The
rest periods of the control group were evaluated inde-
pendently of a specific activity, thus providing limited
information about the effects of the rest periods. In addi-
tion, the biomechanical similarities of plyometric exer-
cises to subsequent activity were not examined, making
it difficult to fully understand the PAPE effect. Another
limitation is that the general performance level of par-
ticipants was below that of elite athletes, which may have
influenced the fatigue responses and the manifestation
of performance improvements. Future studies includ-
ing participants of varying performance levels would
help clarify the impact of training status on PAPE. These
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limitations provide opportunities for future research with
a larger population and the use of different methods.

Future research directions

Including individuals of different genders and training
backgrounds, and a large sample size will increase the
generalizability of the findings. It is also recommended
to focus on different rest periods (15 —20 min) to investi-
gate their effects on performance more comprehensively.
Controlling the fatigue levels of the participants in the
cross-over experimental design may contribute to obtain-
ing clearer results. The use of different test protocols and
techniques in the evaluation of vertical jump perfor-
mance will lead to more diversified findings. Associating
the control group’s rest periods with different activities,
rather than evaluating them independently, may yield
more insights into the control group’s impact. Examining
the biomechanical similarities of plyometric CA will help
to understand the effect of PAPE.

Applied implications

The findings of this study suggest that these findings were
not statistically significant; however, a positive trend
was observed, which should be interpreted as indicative
rather than conclusive. These findings may contribute
significantly to the development of training programs
and the enhancement of athletic performance. In partic-
ular, associating plyometric exercises with rest intervals
can help coaches and physically active males plan train-
ing strategies more effectively. Optimizing rest durations
may reduce fatigue and enable physically active males to
achieve higher performance. Additionally, considering
the varying effects of rest intervals on individuals with
different training backgrounds can be an important step
in designing personalized training programs. Such tai-
lored programs can allow physically active males to maxi-
mize their performance based on their individual needs.
These findings may also help physically active males
improve fatigue management strategies during training
periods and achieve optimal performance on competi-
tion day.

Abbreviations

PAP Post-activation Potentiation

PAPE Post-activation Performance Enhancement
CA Conditioning Stimulus

CONTROL  Participants Performed Control

PLIO4 Plyometric Preload with 4 min Rest
PLIO8 Plyometric Preload with 8 min Rest
PLIOT2 Plyometric Preload with 12 min Rest
PPO Peak Power Output

Acknowledgements

Dear EditorCo-author Ali Kerim Yilmaz is an editorial member of BMC Sports
Science, Medicine and Rehabilitation. Therefore, we would like to benefit from
the discount applied to editorial members in the article fee.Best regards.



Sener et al. BMC Sports Science, Medicine and Rehabilitation

Author contributions

Conceptualization, RS, AB, MA, SA, Z5SO, RK; methodology, RS, AB, SA;
software, AB, SA; validation, RS, AB, SA, RK; formal analysis, SA, ZSOS, RK;
investigation, RS, AB, MA; resources, AB, ZSSO, RK; data curation, RS, SA, RK;;
writing-original draft preparation, RS, AB, MA, SA, ZSSO, RK, AKY; writing-
review and editing, RS, AB, MA, SA, Z5SO, RK, AKY; visualization, RS, AB, SA, RK;;
supervision: RS, AB, MA; project administration, AB, MA, SA, ZSSO. All authors
have read and agreed to the published version of the manuscript.

Funding
This study was conducted without any external funding sources.

Data availability

Data supporting the findings of this study are available through the
corresponding author, but restrictions apply to the availability of these data
used for the current study and are therefore not publicly available. However,
data are available from the corresponding author (sonerakgun@artvin.edu.tr)
upon reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Alanya Alaaddin
Keykubat University (Date: 04.12.2023, Approval No: 2023/07). Participants,
who were informed about the purpose of the study, data collection and
management, and the anonymity of measurements, signed informed consent
forms. The data were processed with full respect for the anonymity of the
participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Clinical trial number
Not applicable.

Received: 12 April 2025 / Accepted: 12 August 2025
Published online: 28 August 2025

References

1. Blazevich AJ, Babault N. Post-activation potentiation versus post-activation
performance enhancement in humans: historical perspective, underlying
mechanisms, and current issues. Front Physiol. 2019;10:1359. https://doi.org/
10.3389/fphys.2019.01359.

2. BompaT, Haff GG. Theory and methodology of training. Dubuque (IA): Kend-
all Hunt Publishing Company; 1994.

3. Stastny P, Zajac A, Maszczyk A, Mikotajec K, Gotas A. Optimizing post activa-
tion potentiation for explosive activities in competitive sports. J Hum Kinet.
2016;52:95-106. https://doi.org/10.1515/hukin-2015-0197.

4. Granacher U, Prieske O, Behrens M, Chaabéne H, Maffiuletti N. Time to differ-
entiate postactivation potentiation from performance enhancement in the
strength and conditioning community. Sports Med. 2020;50:1559-65. https:/
/doi.org/10.1007/540279-020-01300-0.

5. ChiuLZ, Schilling BK, Smith SL, Fry AC, Brown LE, Weiss LW. Postactivation
potentiation response in athletic and recreationally trained individuals. J
Strength Cond Res. 2003;17:671-7. https://doi.org/10.1519/15334287(2003)0
17%3C0671:PPRIAA%3E2.0.CO;2.

6.  Potteiger JA, Haff GG, Whitley A. A brief review: explosive exercises and sports
performance. Strength Cond J. 2001;23:13. https://doi.org/10.1519/15334295
(2001)023%3C0013:ABREEA%3E2.0.CO;2.

7. Boullosa D. Post-activation performance enhancement strategies in sport: a
brief review for practitioners. Hum Mov. 2021;22(3):101-9. https://doi.org/10.
5114/hm.2021.103280.

8. Barreto MVC, Telles JFS, de Castro MR, Mendes TT, Rodrigues CP, de Freitas
VH. Temporal response of post-activation performance enhancement
induced by a plyometric conditioning activity. Front Sports Act Living.
2023;5:1209960. https://doi.org/10.3389/fspor.2023.1209960.

(2025) 17:254

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 8 of 9

Cuenca-Fernandez F, Smith IC, Jordan MJ, MacIntosh BR, Lépez-Contreras G,
Arellano R, Herzog W. Nonlocalized postactivation performance enhance-
ment (PAPE) effects in trained athletes: a pilot study. Appl Physiol Nutr Metab.
2017;42(10):1122-5. https://doi.org/10.1139/apnm-2017-0217.

Seitz LB, Haff GG. Factors modulating post-activation potentiation of jump,
sprint, throw, and upper-body ballistic performances: a systematic review
with meta-analysis. Sports Med. 2016;46(2):231-40. https://doi.org/10.1007/s
40279-015-0415-7.

Davies G, Riemann BL, Manske R. Current concept of plyometric exercise. Int J
Sports Phys Ther. 2015;10(6):760-86. PMID: 26618058; PMCID: PMC4637913.
Davies GJ, Riemann BL. Current concepts of plyometric exercises for the
lower extremity. In: Noyes F, Barber-Westin S, editors. Return to sport after
ACL reconstruction and other knee operations. Cham: Springer; 2019. https://
doi.org/10.1007/978-3-030-22361-8_13.

Chu DA, Meyer GC, Plyometrics. Champaign (IL): Human Kinetics; 2013.

Till KA, Cooke C. The effects of postactivation potentiation on sprint and
jump performance of male academy soccer players. J Strength Cond Res.
2009;23(7):1960-7. https://doi.org/10.1519/JSC.0b013e3181b8666e.

Turner AP, Bellhouse S, Kilduff LP, Russell M. Postactivation potentiation of
sprint acceleration performance using plyometric exercise. J Strength Cond
Res. 2015;29(2):343-50. https://doi.org/10.1519/JSC.0000000000000647.

Sale DG. Postactivation potentiation: role in human performance. Exerc Sport
Sci Rev. 2002;30(3):138-43. https://doi.org/10.1097/00003677-200207000-000
08.

Tillin NA, Bishop D. Factors modulating post-activation potentiation and

its effect on performance of subsequent explosive activities. Sports Med.
2009;39(2):147-66. https:.//doi.org/10.2165/00007256-200939020-00004.
Fontanetti G, Barreto RV, Junior RC, MarangoniV, Denadai BS, Greco CC,

Lima LC. The use of the self-selected rest interval method is as effective for
optimizing postactivation performance enhancement in elite athletes as
employing the best fixed rest interval. J Strength Cond Res. 2022;10:1519.

Xu K, Blazevich AJ, Boullosa D, Ramirez-Campillo R, Yin M, Zhong Y, et al.
Optimizing post-activation performance enhancement in athletic tasks: a
systematic review with meta-analysis for prescription variables and research
methods. Sports Med. 2025;1-32. https://doi.org/10.1007/540279-024-0217
0-6.

Wilson JMC, Duncan NM, Marin PJ, Brown LE, Loenneke JP, Wilson SMC, et al.
Meta-analysis of postactivation potentiation and power: effects of condition-
ing activity, volume, gender, rest periods, and training status. J Strength Cond
Res. 2013;27(3):854-9. https://doi.org/10.1519/JSC.0b013e31825c2bdb.
Rassier DE, MacIntosh BR. Coexistence of potentiation and fatigue in skeletal
muscle. Braz J Med Biol Res. 2000;33(5):499-508. https://doi.org/10.1590/501
00-879X2000000500003.

Tobin DP, Delahunt E. The acute effect of a plyometric stimulus on jump per-
formance in professional rugby players. J Strength Cond Res. 2014;28(2):367-
72. httpsy/doi.org/10.1519/JSC.0b013e318299a214.

Sharma SK, Raza S, Moiz JA, Verma S, Naqvi IH, Anwer S, et al. Postactivation
potentiation following acute bouts of plyometric versus heavy-resistance
exercise in collegiate soccer players. Biomed Res Int. 2018;2018:3719039. http
s://doi.org/10.1155/2018/3719039.

Pereira LA, Boullosa D, Moura TBMA, Mercer VP, Fernandes V, Bishop C, et al.
Post-activation performance enhancement in sprinters: effects of hard versus
sand surfaces. J Hum Kinet. 2022,82(1):173-80. https://doi.org/10.2478/huki
n-2022-0062.

Kilduff LP, Owen N, Bevan H, Bennett M, Kingsley MIC, Cunningham D. Influ-
ence of recovery time on post-activation potentiation in professional rugby
players. J Sports Sci. 2008;26(8):795-802. https://doi.org/10.1080/0264041070
1784517.

Reeve TC, Tyler CJ. The validity of the smartjump contact mat. J Strength
Cond Res. 2013;27(6):1597-601. https://doi.org/10.1519/JSC.0b013e318269f7
f1.

Dal Pupo J, Gheller RG, Dias JA, Rodacki ALF, Moro ARP, Santos SG. Reliability
and validity of the 30-s continuous jump test for anaerobic fitness evaluation.
J Sci Med Sport. 2014;17(6):650-5. https://doi.org/10.1016/jjsams.2013.09.00
7.

Kellis SE, Tsitskaris GK, Nikopoulou MD, Mousikou KC. The evaluation of
jumping ability of male and female basketball players according to their
chronological age and major leagues. J Strength Cond Res. 1999;13(1):40-6.
Methenitis S, Karandreas N, Spengos K, Zaras N, Stasinaki AN, Terzis G. Muscle
fiber conduction velocity, muscle fiber composition, and power perfor-
mance. Med Sci Sports Exerc. 2016;48(9):1761-71. https://doi.org/10.1249/MS
$.0000000000000954.


https://doi.org/10.3389/fphys.2019.01359
https://doi.org/10.3389/fphys.2019.01359
https://doi.org/10.1515/hukin-2015-0197
https://doi.org/10.1007/s40279-020-01300-0
https://doi.org/10.1007/s40279-020-01300-0
https://doi.org/10.1519/15334287(2003)017%3C0671:PPRIAA%3E2.0.CO;2
https://doi.org/10.1519/15334287(2003)017%3C0671:PPRIAA%3E2.0.CO;2
https://doi.org/10.1519/15334295(2001)023%3C0013:ABREEA%3E2.0.CO;2
https://doi.org/10.1519/15334295(2001)023%3C0013:ABREEA%3E2.0.CO;2
https://doi.org/10.5114/hm.2021.103280
https://doi.org/10.5114/hm.2021.103280
https://doi.org/10.3389/fspor.2023.1209960
https://doi.org/10.1139/apnm-2017-0217
https://doi.org/10.1007/s40279-015-0415-7
https://doi.org/10.1007/s40279-015-0415-7
https://doi.org/10.1007/978-3-030-22361-8_13
https://doi.org/10.1007/978-3-030-22361-8_13
https://doi.org/10.1519/JSC.0b013e3181b8666e
https://doi.org/10.1519/JSC.0000000000000647
https://doi.org/10.1097/00003677-200207000-00008
https://doi.org/10.1097/00003677-200207000-00008
https://doi.org/10.2165/00007256-200939020-00004
https://doi.org/10.1007/s40279-024-02170-6
https://doi.org/10.1007/s40279-024-02170-6
https://doi.org/10.1519/JSC.0b013e31825c2bdb
https://doi.org/10.1590/S0100-879X2000000500003
https://doi.org/10.1590/S0100-879X2000000500003
https://doi.org/10.1519/JSC.0b013e318299a214
https://doi.org/10.1155/2018/3719039
https://doi.org/10.1155/2018/3719039
https://doi.org/10.2478/hukin-2022-0062
https://doi.org/10.2478/hukin-2022-0062
https://doi.org/10.1080/02640410701784517
https://doi.org/10.1080/02640410701784517
https://doi.org/10.1519/JSC.0b013e318269f7f1
https://doi.org/10.1519/JSC.0b013e318269f7f1
https://doi.org/10.1016/j.jsams.2013.09.007
https://doi.org/10.1016/j.jsams.2013.09.007
https://doi.org/10.1249/MSS.0000000000000954
https://doi.org/10.1249/MSS.0000000000000954

Sener et al. BMC Sports Science, Medicine and Rehabilitation

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

Serin E, Taskin H. Anaerobik Dayaniklilik lle Dikey Sigrama Arasindaki lligki.
Spor Perform Arastirmalar Derg. 2016;7(1):37-43. https://doi.org/10.17155/sp
d.86991.

Robbins JW, Scheuermann BW. Varying amounts of acute static stretch-

ing and its effect on vertical jump performance. J Strength Cond Res.
2008,22(3):781-6. https://doi.org/10.1519/JSC.0b013e31816a59a9.
Buzdagliy, Eyipinar CD, Kalin A, Siktar E, Savas A. Effect of plyometric training
on speed, agility, and jump performance. Res Sport Educ Sci. 2022;24(4):106-
12. https://doi.org/10.5152/JPESS.2022.221943.

Tatunct O. The effect of intermittent and static stretching methods on
anaerobic performance in football players [Master’s thesis]. Izmir, 2017.
McCann MR, Flanagan SP. The effects of exercise selection and rest interval on
postactivation potentiation of vertical jump performance. J Strength Cond
Res. 2010,24(5):1285-91. https://doi.org/10.1519/JSC.0b013e3181d6867c.
Jensen RL, Ebben WP Kinetic analysis of complex training rest interval effect
on vertical jump performance. J Strength Cond Res. 2003;17:345-9.

Jones P, Lees A. A Biomechanical analysis of the acute effects of complex
training using lower limb exercises. J Strength Cond Res. 2003;17:694-700.
Chiu LZF, Fry AC, Weiss LW, Schilling BK, Brown LE, Smith SL. Postactivation
potentiation response in athletic and recreationally trained individuals. J
Strength Cond Res. 2003;17:671-7.

Aytac T, Kin isler A. Beyond the warm-up: Understanding the post-activation
performance enhancement. Turk J Sport Med. 2025;60:12-9.

Kilduff LP, Bevan HR, Kingsley MIC, Owen NJ, Bennett MA, Bunce PJ, et al.
Postactivation potentiation in professional rugby players: optimal recovery. J
Strength Cond Res. 2007;21(4):1134-8. https://doi.org/10.1519/R-20996.1.

(2025) 17:254

40.

41.

42.

43.

Page 9 of 9

Hamada T, Sale DG, MacDougall JD, Tarnopolsky MA. Postactivation poten-
tiation, fiber type, and twitch contraction time in human knee extensor
muscles. J Appl Physiol (1985). 2000;88(6):2131-7. https://doi.org/10.1152/jap
pl.2000.88.6.2131.

Karabel F, Makaraci Y. Optimal recovery time for post-activation performance
enhancement after an acute bout of plyometric exercise on unilateral coun-
termovement jump and postural sway in national-level female volleyball
players. Appl Sci. 2025;15(8):4079. https://doi.org/10.3390/app15084079.
Petré H, Tinmark F, Rosdahl H, Psilander N. Effects of different recovery
periods following a very intense interval training session on strength and
explosive performance in elite female ice hockey players. J Strength Cond
Res. 2024;38:2383-90. https://doi.org/10.1519/JSC.0000000000004782.

De Ferreira PV, Nogueira F, Porto R, Quinan'Y, Rosa G, Szmuchrowski J, Drum-
mond L, Silva M. Acute effects of a conditioning activity on countermove-
ment jump performance in mixed martial arts athletes. Lecturas Educ Fis
Deportes. 2023;28(306). https://doi.org/10.46642/efd.v28i306.7072.

Heynen R, Gross M, Betschen T, Hibner K. Post-activation performance
enhancement (PAPE) increases jumping power in elite female volleyball
athletes. Sports. 2024;12(1):22. https://doi.org/10.3390/sports12010022.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.17155/spd.86991
https://doi.org/10.17155/spd.86991
https://doi.org/10.1519/JSC.0b013e31816a59a9
https://doi.org/10.5152/JPESS.2022.221943
https://doi.org/10.1519/JSC.0b013e3181d6867c
https://doi.org/10.1519/R-20996.1
https://doi.org/10.1152/jappl.2000.88.6.2131
https://doi.org/10.1152/jappl.2000.88.6.2131
https://doi.org/10.3390/app15084079
https://doi.org/10.1519/JSC.0000000000004782
https://doi.org/10.46642/efd.v28i306.7072
https://doi.org/10.3390/sports12010022

	﻿The role of different rest periods on post-activation performance enhancement in plyometric preload
	﻿Abstract
	﻿Introduction
	﻿Material and method
	﻿Participants
	﻿Study design
	﻿Data collection
	﻿Determination of vertical jump performance
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿Limitations
	﻿Future research directions
	﻿Applied implications

	﻿References


