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Abstract 

Background The post-activation performance enhancement (PAPE) effect has been widely studied; however, its 
repeatability across training sessions during the competitive season in team sports has not yet been verified. There-
fore, this study investigates whether PAPE effect, as measured by the countermovement jump (CMJ) without arm 
swing, induced by an maximum voluntary isometric squat as a conditioning activity (ICA) three days after the match, 
could be replicated over a 4-week training period throughout the season. The study also explores whether the mag-
nitude of acute PAPE responses correlates with match running variables, as monitored by global positioning system 
(GPS) data.

Methods Fifteen national level soccer players participated in the study (mean age: 26.9 ± 4.2 years, body mass: 
79.2 ± 6.5 kg, height: 182.1 ± 6.5 cm, experience in soccer training: 11.2 ± 4.2 years, experience in strength training: 
10.5 ± 4.6 years, relative maximal strength in squat: 1.84 kg/body mass). Each participant performed 1 repetition 
of the CMJ approximately 120 s before (pre-ICA) and approximately 60 s after (as post-ICA) 1 set of maximum volun-
tary isometric squat using a Smith machine as the ICA lasting 5 s. The measurements were repeated across 4 testing 
sessions performed week apart and each time 3 days after the soccer match. Moreover, running performance vari-
ables during matches including total distance, high-speed running distance, sprint distance, player load, total number 
of accelerations, total number of decelerations were collected via GPS system.

Results A two-way repeated-measures ANOVA showed a significant main effect of time, indicating an increase 
in CMJ height (mean difference = 1.05 ± 0.3 cm; Cohen’s d = 0.222; p = 0.005) post-ICA compared to pre-ICA. The 
one-way ANOVA did not reveal significant differences between sessions, which may indicate repeatable acute PAPE 
responses (F = 0.093, p = 0.963, η2p = 0.006). Additionally, the one-way ANOVAs did not reveal significant differences 
in all GPS data between particular soccer matches (p > 0.145; for all). The interclass correlation coefficient for the PAPE 
response was poor to moderate (interclass correlation coefficient = 0.56, 95% confidence interval: 0.06–0.83). The 
Cochran’s Q test indicated that PAPE response distributions varied across sessions (p = 0.018). However, pairwise 
McNemar tests did not reveal significant differences (p = 0.549–1.000), suggesting that while response distribution 
fluctuated, no specific session-to-session differences were detected. Moreover, Pearson’s product-moment correlation 

*Correspondence:
Jakub Jarosz
j.jarosz@awf.katowice.pl
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13102-025-01148-9&domain=pdf


Page 2 of 11Jarosz et al. BMC Sports Science, Medicine and Rehabilitation          (2025) 17:115 

coefficient, did not show significant correlation between the percentage PAPE responses and all of match GPS data 
variables (p > 0.074; for all).

Conclusions The findings suggest that ICA can consistently elicit a PAPE response of small magnitude in national-
level soccer players with a short 60-s rest interval. However, the variability in individual responsiveness and the lack 
of a relationship with running variables monitored via GPS during soccer matches indicate that other physiological 
and neuromuscular factors may influence the magnitude of PAPE responses. Given this variability, individually moni-
toring PAPE responsiveness may be beneficial for optimizing its application.

Keywords Post-activation performance enhancement, Isometric conditioning activity, Vertical jump

Introduction
Post-activation performance enhancement (PAPE) is 
a training phenomenon in which specific conditioning 
activities are used to acutely enhance neuromuscular 
performance in subsequent exercises [1, 2]. These con-
ditioning activities typically include high-intensity iso-
tonic or isometric exercises performed prior to explosive 
activities with comparable movement patterns, such as 
performing high-load squats before vertical jumps [3, 
4]. This is justified by the fact that the effect is primar-
ily local in nature [5, 6] and can be explained by changes 
occurring in the muscles engaged during exercise, 
including the phosphorylation of myosin regulatory light 
chains, increased muscle temperature, decreased muscle 
pH (i.e., accumulation of H + ions), enhanced blood flow, 
increased intracellular water content, muscular activity, 
and increased musculo-tendinous stiffness [7]. Addi-
tionally, findings by Blazevich & Babault [7] indicate that 
central and peripheral fatigue are key factors influencing 
acute PAPE responses, potentially interfering with their 
magnitude. Hodgson et  al., [8] suggest that a moderate 
level of fatigue can coexist with potentiation effect, while 
excessive fatigue may disrupt it [9, 10].

Given the impact of fatigue on the PAPE effect, the 
available literature lacks studies examining how PAPE 
responses change throughout a competitive season in 
well-trained athletes, as well as research assessing their 
consistency and repeatability. In this context, the use of 
Global Positioning System (GPS) data, which is com-
monly implemented at the national level in soccer, pro-
vides valuable insights into performance analysis and 
training optimization. Specific external load metrics, 
such as total distance covered, high-speed running, accel-
erations, decelerations, and distance covered per minute, 
can provide insights into match-related fatigue status 
[11], and may therefore be linked to the occurrence and 
magnitude of the PAPE effect [12, 13]. Therefore, GPS 
data may provide feedback needed to adjust subsequent 
training sessions in order to improve overall perfor-
mance, for example, to maximize the benefits of the PAPE 
effect in subsequent training sessions if desired. However, 
to the best of the authors’ knowledge, no existing study 

has examined the occurrence of PAPE responses in rela-
tion to running performance during match monitored via 
GPS or the impact of competition-induced fatigue, which 
may hinder performance in subsequent training sessions 
as well as the long-term adaptation process.

Considering the repeatability of PAPE responses there 
is only a few studies that have attempted to determine 
this issue [14–18]. Urbański et  al. [15] examined PAPE 
effects within a single training session, while other stud-
ies, such as those by Biel et al. [17] and Krzysztofik et al. 
[18], investigated the effect at two distant time points, 
several weeks apart, assessing the impact of specific 
resistance training interventions. Their findings dem-
onstrated that the PAPE response remained stable both 
within a single session and before and after six to eight 
weeks of complex training in basketball [17] and soccer 
players [18], respectively. However, these studies were 
conducted during the off-season, and data on the consist-
ency of PAPE across successive in-season training ses-
sions remain scarce.

When analyzing the impact of fatigue on the PAPE 
effect, it is also important to consider the fatigue induced 
by the applied conditioning activity. Numerous stud-
ies on the PAPE effect have evaluated different types of 
conditioning activity, particularly in relation to the type 
of muscle contraction involved in the exercise [19, 20]. 
Among there, isometric conditioning activities (ICA) 
have been successfully used to induce PAPE [3, 3, 14, 
21, 22] and, in some cases, have even been shown to be 
more effective than isotonic exercises [19, 20]. Studies by 
Spieszny et al. [23] and Bogdanis et al. [19] demonstrated 
that three sets of maximal voluntary isometric squats, 
each consisting of three 3-s contractions (total 27  s), 
significantly improved countermovement jump (CMJ) 
height. Additionally, Bogdanis et al. [19] found that iso-
metric contractions were more effective than concentric 
(concentric-only half squats) and eccentric (eccentric-
only half squats) muscle actions when the impulse of the 
ground reaction force of the conditioning exercise was 
equated. Esformes et al. [20] demonstrated that a 7-s iso-
metric barbell bench press acutely enhanced power out-
put during subsequent bench press throw. Similarly, Lum 
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et al. [14] found enhanced barbell velocity in the power 
clean when performed immediately after an isometric 
power clean starting position as the ICA with a total con-
traction duration of 6-s. Supporting these findings, Skur-
vydas et al. [12] identified that among various isometric 
contraction duration (5 – 60 s), a 5-s maximal voluntary 
isometric contraction was the most effective in eliciting 
potentiation of the twitch rate. These findings suggest 
that even a brief ICA lasting only a few seconds may be 
sufficient to induce a meaningful PAPE effect. This effi-
ciency may be further supported by the lower energy 
demands of isometric contractions compared to dynamic 
contractions, as indicated by previous studies [24, 25], 
making them a viable option in PAPE protocols. As a 
result, incorporating ICA in place of dynamic exercises 
could help better manage fatigue while still facilitating 
beneficial neuromuscular adaptations through the PAPE 
effect. This approach may be particularly advantageous 
during the in-season training period in team sports, 
where athletes experience high overall training loads 
alongside frequent competitive matches.

Considering the aforementioned gaps in the literature 
regarding the PAPE effect, this study aimed to determine 
whether acute PAPE responses, assessed through changes 
in CMJ height following a 5-s maximum voluntary iso-
metric squat (as an ICA), would be repeatable across 
successive measurement sessions and whether these 
responses would correlate with running variables during 
soccer matches, as monitored using GPS data throughout 
four consecutive weeks of the soccer season. We hypoth-
esized that the applied ICA would lead to an immediate 
increase in CMJ height and that this effect would be con-
sistently repeatable across four training sessions. Addi-
tionally, we expected that the occurrence of acute PAPE 
responses would negatively correlate with GPS data, with 
higher running variables values associated with a lower 
magnitude of the PAPE response.

Materials and methods
Experimental approach to the problem
This study aimed to investigate the repeatability of PAPE 
responses induced by ICA and to examine their rela-
tionship with running variables during soccer matches, 
as monitored using GPS. A within-subject repeated-
measures study was conducted to assess changes in 
CMJ height before and after a 5-s maximum voluntary 

isometric squat, used as the ICA [3, 19, 21, 23]. Four 
training sessions were performed three days post-match 
(MD + 3) over four consecutive weeks of the competitive 
season. Moreover, the GPS data were collected to quan-
tify external load during matches (Fig.  1). The relation-
ship between these GPS data and the magnitude of PAPE 
responses was analyzed to determine whether higher 
running variables values resulted in a diminished PAPE 
effect.

Subjects
Fifteen highly trained/national level soccer players, 
classified based on training status and performance 
caliber according to McKay et  al. [26] classification 
(mean age: 26.9 ± 4.2  years, body mass: 79.2 ± 6.5  kg, 
height: 182.1 ± 6.5  cm, experience in soccer train-
ing: 11.2 ± 4.2  years, experience in strength training: 
10.5 ± 4.6  years, relative maximal strength in squat: 
1.84  kg/body mass) participated in this study. Inclusion 
criteria were as follows: 1) no neuromuscular or musculo-
skeletal disorders, 2) no lower limb surgery within 2 years 
prior to the study, 3) at least 7 years of experience in soc-
cer training and matches, 4) regular soccer and resist-
ance training, and competition 6 years before the study. 
The exclusion criteria included goalkeepers and players 
who participated in fewer than 70 min in matches. Par-
ticipants were instructed to maintain their usual dietary 
and supplementation habits throughout the study period. 
They were informed about the study’s benefits and poten-
tial risks before providing written consent to participate. 
They had the right to withdraw from the experiment at 
any time. One participant was excluded during the exper-
iment due to being called up to the national team train-
ing camp; therefore, the experiment was completed by 15 
participants (Fig. 2). The Research Ethics Committee for 
Scientific Research at the Academy of Physical Education 
in Katowice, Poland, (3/2021) approved the study proto-
col. Additionally, the study was conducted in accordance 
with the 2013 Helsinki Declaration.

Pre‑experimental sessions
The first day after the match, referred to as MD + 1, was 
consistently designated as passive recovery day, during 
which participants spent their time outside the club. On 
the first day of each training microcycle (MD + 2), par-
ticipants underwent an introductory training session, 

Fig. 1 Experimental design, repeated 4 consecutive weeks of the competitive season
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as shown in Fig. 3. This training session was designed to 
maintain a consistent loading pattern, ensuring compara-
ble intensity across all MD + 2 sessions.

Familiarization and experimental sessions
All experimental sessions were conducted between 9:00 
AM and 11:00 AM, always on the third day after the 
match. At least seven days prior to the first experimental 
session, participants underwent a familiarization session 
that included maximum isometric squats and a CMJ. The 
session began with a standard warm-up routine, which 
was typically performed before resistance training ses-
sions. The routine began with 10 min of cycling or jog-
ging, followed by 2 sets of 8 repetitions of each exercise 
performed in place: hip rotations (inward and outward), 
knee hugs, heel-to-glute touches, and lunges in forward, 
backward, and lateral directions. Next, participants per-
formed 10 repetitions of ankle hops and 4 repetitions of 
CMJ, both with and without an arm swing. The warm-
up concluded with two circuits of 8 repetitions of arm 
circles, push-ups, forward and lateral leg swings, inch-
worms, squats, single-leg hip thrusts, and a 30-s plank. 
Subsequently, each participant performed a single rep-
etition of CMJ, followed by a 120  s rest period before 

executing a single set of a 5  s maximum voluntary iso-
metric squat as an ICA using a Smith machine. After the 
ICA, participants rested for 60 s before performing one 
more CMJ attempt. A single CMJ attempt was selected 
as soccer players rarely get multiple chances to perform 
maximal jumps in match situations (e.g., aerial duels). 
Additionally, multiple attempts could introduce motor 
learning adaptations, potentially affecting data consist-
ency. This approach reflects game demands while fitting 
within the structured nature of training sessions. A single 
attempt ensures that the PAPE effect is measured in its 
purest form.

The ICA was performed on a Smith machine with the 
barbell loaded with a supramaximal load, preventing 
any movement. The squat depth was individually deter-
mined for each participant based on the knee angle 
defined as their "individual descent during the eccentric 
phase of the CMJ." An experienced strength and con-
ditioning coach ensured proper body positioning to 
maintain a vertical torso during the isometric squat and 
the correct placement of the barbell on the participants’ 
shoulders. Upon the coach’s command, participants 
were instructed to "push the barbell vertically upward 
as forcefully and as quickly as possible," pressing their 

Fig. 2 Participant flow diagram
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backs against the bar and their feet against the floor. 
They were required to maintain tension for 5  s. The 
experimental sessions followed the same procedure as 
the familiarization session.

Measurements of countermovement jump height
Jumping performance was assessed using a force plat-
form (Force Decks, Vald Performance, Australia), pre-
viously validated as a significant and reliable tool for 
measuring vertical jump kinematics [27]. Each partici-
pant performed 1 repetition of CMJ without arm swing 
approximately 120-s pre-ICA and approximately 60-s 
post-ICA. During the measurement, the participant 
started from a standing position with hands on the hips. 
They then descended into a squat position to a chosen 
depth, followed by exerting maximum effort in a vertical 
jump. Participants were instructed to land in the same 
position as during takeoff, centrally on the force platform. 

The jump height from the flight time (9.81 × [flight 
time]2/8) was estimated.

Match load assessment
The 4 matches were analyzed (3 championship matches 
and 1 friendly match). GPS data were collected using 
the Playertek device (Catapult Innovations, Melbourne, 
Australia) sampling at 10 Hz, which is integrated with a 
400 Hz triaxial accelerometer and a 10 Hz triaxial mag-
netometer. The reliability of this device has been docu-
mented in previous studies [28–30]. The compact unit, 
measuring 85 mm × 40 mm × 20 mm, was securely placed 
in a protective pouch between the participants shoul-
der blades, specifically in the upper thoracic region. 
GPS units were activated 15  min before each match 
to ensure that satellite connection was established. To 
quantify running performance during matches, vari-
ous parameters were analyzed, including total distance 
(TD) [km], high-speed running distance (HSR) [m] at 
19.8–25.2 km/h, sprint distance (SD) [m] at > 25.2 km/h.], 

Fig. 3 Example of MD + 2 training
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player load (PL), total number of accelerations (ACC) 
at > 3–4  m∙s−2, as well as total number of decelerations 
(DCC) at > 3–4 m∙s−2 [29]. Data analysis was performed 
by retrospectively downloading the information from 
the Playertek software to a Microsoft Excel spreadsheet 
(Excel, Redmond, WA, USA). Only GPS data from play-
ers who participated in at least 70  min of each match 
were included in the analysis.

Statistical analyses
All statistical analyses were performed using JASP (ver-
sion 0.18.2.0). Data were expressed as means with stand-
ard deviations (SD) with 95% confidence intervals for 
mean values. Statistical significance was set at p < 0.05. 
The Shapiro–Wilk and Mauchly’s tests were used to 
verify the normality and sphericity of the sample data 
variances, respectively. The two-way repeated measures 
ANOVAs (4 sessions × 2 time points [pre- and post-]) 
were used to investigate the influence of CA and each 
session on jump height. When a significant main effect or 
interaction was found, the post-hoc tests with Bonferroni 
correction were used to analyze the pairwise compari-
sons. Additionally, the one-way ANOVAs were employed 
to investigate the differences among kinematic GPS data 
across all sessions. Partial eta-squared (η2

p) was calcu-
lated to estimate the effect size of ANOVA results and 
interpreted as small (η2p ≥ 0.01), medium (η2p ≥ 0.06), 
or large (η2p ≥ 0.14). The magnitude of mean differences 
was expressed using Cohen’s effect sizes, with thresholds 
interpreted as < 0.20 “small”, 0.21–0.79 “medium”, and 
0.0.80 as “large”. Pearson’s product-moment correlation 
coefficient was used to analyze the relationship between 
GPS data and percentage PAPE response. Thresholds 
for qualitative descriptors of correlations were inter-
preted as: trivial (0.0–0.09), small (0.10–0.29), moder-
ate (0.30–0.49), large (0.50–0.69), very large (0.70–0.89), 
nearly perfect (0.90–0.99), and perfect (1.0) [30]. Addi-
tionally, a two-way random-effects model with absolute 
agreement for a single rater was used to calculate the 

intraclass correlation coefficient (ICC) and its 95%CI 
based on the absolute differences between pre-ICA and 
post-ICA jump height values, serving as an indicator of 
PAPE response. Moreover, pre-ICA CMJ height values 
across sessions were used to assess the ICC and coeffi-
cient of variation of CMJ height measurements. ICC val-
ues were interpreted as follows: less than 0.5 indicated 
poor reliability, between 0.5 and 0.75 indicated moderate 
reliability, between 0.75 and 0.9 indicated good reliability, 
and greater than 0.90 indicated excellent reliability [31]. 
Furthermore, the smallest worthwhile change (SWC) 
was calculated using the formula 0.2 × standard devia-
tion of test values, with the highest value across sessions 
being used [32]. This SWC threshold was then applied 
to classify participants as responders, non-responders, 
or negative responders to the CA. Participants were cat-
egorized as: (i) responders if their CMJ height increased 
beyond the SWC value, (ii) non-responders if the change 
remained within the SWC range, and (iii) negative 
responders if their CMJ height decreased beyond the 
SWC threshold. To examine differences in the frequency 
of responders, non-responders, and negative responders 
across the four experimental sessions, a Cochran’s Q test 
was applied. Then to determine where these differences 
occurred, pairwise McNemar tests were performed for 
all session comparisons.

Results
The two-way ANOVA did not reveal significant inter-
action for CMJ (F = 0.112, p = 0.952, η2p = 0.008). How-
ever, a main effect of time was observed (F = 11.268, 
p = 0.005, η2p = 0.446), indicating significant increase in 
CMJ height post-ICA (mean difference = 1.05 ± 0.3 cm; 
Cohen’s d = 0.222; p = 0.005) compared to pre-ICA 
(Table  1). Additionally, a significant main effect of 
the session was observed for CMJ height (F = 2.876, 
p = 0.047, η2p = 0.17), however, post-hoc analysis did 
not reveal any significant differences between ses-
sions. The one-way ANOVA did not reveal significant 

Table 1 Countermovement jump height before and after isometric conditioning activity across training sessions

Values are presented as mean ± SD (95% confidence intervals); ICA isometric conditioning activity; *a significant main effect of time (p = 0.005) indicating increase in 
CMJ height from pre-ICA to post-ICA; ES effect size of Cohen’s d was interpreted as < 0.20 “small”, 0.21–0.79 “medium”, and .0.80 as “large”

Pre-ICA [cm] Post-ICA [cm]* ES (pre- vs. post-ICA) Difference [%]

Session 1 43.9 ± 4.3 (41.5 to 46.2) 44.7 ± 4.0
(42.6 to 46.9)

0.18  + 2.2

Session 2 44.8 ± 4.8 (42.2 to 47.3) 45.8 ± 4.8
(43.2 to 48.3)

0.22  + 2.4

Session 3 43.9 ± 4.1 (41.7 to 46.1) 45.1 ± 4.8
(42.5 to 47.6)

0.25  + 2.6

Session 4 44.7 ± 4.8 (42.1 to 47.4) 45.8 ± 5.0
(43.1 to 48.5)

0.25  + 2.6
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differences in baseline CMJ height between weeks 
(F = 2.667, p = 0.059, η2p = 0.151). The one-way 
ANOVA did not reveal significant differences between 
sessions, which may indicate repeatable acute PAPE 
responses (F = 0.093, p = 0.963, η2p = 0.006). Addi-
tionally, the one-way ANOVA did not reveal signifi-
cant differences between matches in: PL (F = 0.230, 
p = 0.874, η2p = 0.028), HSR (F = 1.279, p = 0.304, 
η2p = 0.138), SD (F = 0.458, p = 0.714, η2p = 0.054), 
TD (F = 0.308, p = 0.819, η2p = 0.042), ACC (F = 1.996, 
p = 0.145, η2p = 0.222), and DCC (F = 1.240, p = 0.320, 
η2p = 0.150).

The ICC for pre-ICA CMJ height measurement across 
sessions was found to be 0.97 (95%CI: 0.93 to 0.99), indi-
cating excellent reliability, while the ICC for the PAPE 
response was 0.56 (95%CI: 0.06 to 0.83), indicating poor 
to moderate reliability. Additionally, the coefficient of 
variation for pre-ICA CMJ height measurements across 
sessions was 3.3% ± 1.1%. The SWC for CMJ height 
ranged from 0.82 to 0.95 cm within sessions. A Cochran’s 
Q test did not reveal significant differences between 
sessions, Q(3) = 8, p = 0.018, indicating that the PAPE 
response distributions were not consistent across ses-
sions. However, pairwise McNemar test show that either 
of comparisons reached significance (p = from 0.549 to 

1.000), suggesting that while the overall distribution var-
ied across sessions (Table 2).

Descriptive data for all GPS variables is shown in 
Table  3. Pearson’s product-moment correlation coeffi-
cient test did not reveal a significant correlation between 
the percentage difference in the PAPE effect and individ-
ual GPS data (p > 0.074; for all) (Table 4).

Discussion
The primary aim of this study was to determine the 
repeatability of acute PAPE responses over a 4-week 
period during the season and to investigate whether these 
responses correlated with running variables monitored 
via GPS during soccer match. The results confirmed our 
hypothesis regarding the effectiveness of the applied ICA 
in immediately enhancing CMJ height and the repeatabil-
ity of this effect across sessions. This study demonstrated 
that a 5  s maximum isometric squat acutely increased 
CMJ height with a medium effect size. However, con-
sidering that the observed PAPE effect (+ 2.2 to 2.6%) 
falls within the measurement variability (3.3% ± 1.1%), 
its practical significance is questionable. Moreover, the 
repeatability of these acute PAPE responses was poor 
to moderate across training sessions, performed one 
week apart during the in-season period. Furthermore, 
while the overall distribution of PAPE responses among 

Table 2 Distribution of responders, non-responders, and negative responders to the isometric conditioning activity

Session 1 [n] Session 2 [n] Session 3 [n] Session 4 [n]

Responders 8 (53.3%) 7 (46.6%) 8 (53.3%) 7 (46.6%)

Non-responders 5 (33.3%) 6 (40%) 4 (26.6%) 6 (40%)

Negative Responders 2 (13.3%) 2 (13.3%) 3 (20%) 2 (13.3%)

Table 3 GPS descriptive data

TD total distance, HSR high-speed running distance, SD sprint distance, PL player load, ACC  total number of accelerations, DCC total number of decelerations

Variable TD [m] HSR [m] SD [m] PL [a.u.] ACC [n] DCC [n]

Game 1 10,293 ± 960 658 ± 199 182 ± 83 401 ± 42 90 ± 11 100 ± 13

Game 2 10,364 ± 1228 642 ± 82 190 ± 139 409 ± 55 93 ± 12 101 ± 15

Game 3 10,463 ± 1470 655 ± 146 185 ± 98 410 ± 66 91 ± 15 100 ± 19

Game 4 10,461 ± 1242 642 ± 188 193 ± 117 412 ± 42 94 ± 11 102 ± 14

Table 4 Pearson’s product-moment correlation coefficients between match running variables and PAPE response

TD total distance, HSR high-speed running distance, SD sprint distance, PL player load, ACC  total number of accelerations, DCC total number of decelerations

Variable TD HSR SD PL ACC DCC

DIFFERENCE CMJ -0.141 -0.311 -0.283 -0.198 -0.022 -0292

% DIFFERENCE CMJ -0.23 -0.338 -0.043 -0.282 -0.094 -0.351
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participants varied, no significant session-to-session dif-
ferences were observed. The proportion of responders, 
non-responders, and negative responders to the applied 
ICA fluctuated across sessions: responders ranged from 
46.6% to 53.3%; non-responders varied between 26.6% 
and 40%; and negative responders remained relatively 
stable between 13.3% and 20%. However, the assump-
tion that the magnitude of PAPE effect would be nega-
tively correlated with GPS data was not supported, as no 
significant relationship was found between GPS data and 
PAPE responses on the third day after a match in highly 
trained soccer players.

To the best of authors knowledge this study is the 
first to analyze the occurrence of repeatable acute PAPE 
responses and correlate their magnitude with GPS match 
data over a 4-week period during the soccer season. The 
findings demonstrated that while the PAPE effect was 
repeatable, its consistency ranged from poor to moder-
ate. One of the few studies that assessed the PAPE effect 
at two distant time points, several weeks apart, was con-
ducted by Biel et al. [17] and Krzysztofik et al. [18]. The 
authors examined the magnitude of the PAPE effect 
before and after six to eight weeks of complex training, 
providing insight into its long-term consistency. Biel et al. 
[17] found that the PAPE effect was present both before 
and after the 8-week complex training intervention, 
with no significant changes in its magnitude in a group 
of basketball players. Similarly, Krzysztofik et  al. [18] 
observed that, after six weeks of complex training, the 
PAPE response remained stable in a group of soccer play-
ers, further supporting the idea that PAPE can be main-
tained over an extended period. However, these studies 
were conducted during the off-season, meaning that the 
impact of competition-induced fatigue on PAPE magni-
tude was not assessed. Additionally, individual partici-
pant responses were not evaluated, leaving uncertainty 
regarding intra-individual variability in PAPE effects. In 
contrast, the present study highlights significant vari-
ability in individual PAPE responsiveness across sessions, 
with fluctuations in the proportion of responders and 
non-responders. This suggests that the acute effects of 
ICA may not be entirely consistent among participants. 
Notably, in each session, the majority of participants were 
classified as either responders or non-responders, while 
only 2–3 individuals exhibited a substantial decrease in 
CMJ height. This suggests that, in practice, coaches and 
practitioners can expect the applied ICA to consistently 
elicit a PAPE response across multiple sessions or, at the 
very least, have a neutral impact on performance, with 
only a small proportion of highly trained soccer players 
experiencing a negative response.

Additionally, no significant correlation was found 
between the magnitude of the PAPE effect and GPS data 

over the 4-week soccer season. Similarly, no changes in 
CMJ height were observed between sessions prior to 
performing the ICA. This result may also indicate a sus-
tained level of neuromuscular performance and can be 
considered in the context of studies evaluating seasonal 
variations in physical fitness among team sport athletes. 
Specifically, Cardoso Marques and González-Badillo [35] 
demonstrated that CMJ height significantly improved 
over a 12-week in-season resistance training program in 
elite team handball players. Similarly, Bishop et  al. [34] 
found significant improvements in CMJ height from the 
preseason to midseason, with these gains largely main-
tained until the end of the season in elite academy soc-
cer players. On the other hand, Caldwell and Peters 
[33] examined fitness fluctuations in soccer players and 
found that CMJ performance tends to improve from the 
preseason to midseason, followed by a plateau or slight 
decline in the latter part of the competitive period. 
These findings suggest that lower-body power adapta-
tions acquired during the competitive period can be rela-
tively well-maintained, aligning with our observation of 
a consistent CMJ height and PAPE response across mul-
tiple training sessions. However, this maintenance may 
depend on the phase of the season, as suggested by the 
performance trends observed in the later stages of the 
competitive period in Caldwell and Peters’ [33] study. 
Therefore, longer-term studies covering the entire sea-
son are needed to evaluate whether the occurrence of the 
PAPE effect remains stable over a longer period and how 
it responds to the varying demands of different phases of 
the soccer season.

Furthermore, this study showed also that the applied 
ICA, consisting of a single 5-s maximum voluntary iso-
metric squat, significantly improved CMJ height when 
performed 60  s later. This finding aligns with previ-
ous research demonstrating the effectiveness of ICA 
in inducing the PAPE response [3, 19, 23], while also 
confirming that this effect can be achieved even after 
a short rest interval [12, 14]. However, this finding 
contrasts with previous recommendations suggesting 
longer rest periods (4–6  min) following high-intensity 
resistance training to maximize acute PAPE responses 
[5, 36]. However, it is important to note that the guide-
lines by Seitz and Haff [5] and Wilson et  al. [36] were 
primarily developed for exercises performed in coupled 
eccentric-concentric manner, rather than isometric 
exercises, which may explain the observed differences. 
A recent study by Lum et al. [14] further supports the 
effectiveness of ICA with short recovery periods, show-
ing that barbell velocity increased during the power 
clean when performed immediately after three sets 
of three maximum voluntary isometric contractions, 
with a total contraction duration of six seconds, at 
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the starting position of the power clean. The results of 
this study and Lum et al. [14] suggest that shorter rest 
intervals may be sufficient for ICA to elicit acute PAPE 
responses, which has significant implications for train-
ing organization in elite sports. One possible explana-
tion is that isometric exercises engage a large number 
of motor units, leading to greater muscle fiber recruit-
ment [37, 38]. Additionally, isometric exercises are 
characterized by lower energy expenditure compared to 
eccentric-concentric muscle actions (e.g., back squat), 
allowing post-conditioning activity to be performed 
with full muscle potential shortly after its comple-
tion [12, 14, 25]. While longer rest intervals may still 
be optimal in certain contexts, shorter intervals could 
be more practical during regular training sessions, as 
they increase training density and help maintain athlete 
focus [16, 39]. However, it is essential to interpret these 
findings with caution, as the observed PAPE effect 
(+ 2.2 to 2.6%) falls within the measurement variability 
(3.3% ± 1.1%), raising questions about its practical sig-
nificance. This suggests that while ICA may elicit acute 
improvements in CMJ height, these changes could be 
influenced by intra-individual variability rather than a 
consistent physiological response. Therefore, while a 
60-s rest interval may be sufficient to induce PAPE in 
some cases, further research is needed to determine 
the reliability of this effect across different contexts and 
athletic populations.

In addition to the indicated research results, several 
limitations should be acknowledged. A significant limi-
tation of this study was the lack of a control condition 
(i.e. without performing ICA) only GPS data from four 
matches were analyzed, and assessments were conducted 
at a single time point post match (MD + 3). This limita-
tion prevented comparisons of running loads and fatigue 
monitoring across all training microcycles (including all 
training sessions), which could have provided additional 
context for interpreting the results. Additionally, no bio-
chemical or perceptual alterations following matches 
were assessed, further limiting insight into the physi-
ological and subjective responses on PAPE effect. From 
a practical perspective, although this ICA protocol effec-
tively elicited acute PAPE responses, its applicability may 
be constrained in athletes with varying levels of experi-
ence or in sports disciplines with physical demands that 
differ from those characteristic of high-intensity micro-
cycles. Additionally, as jump height was estimated based 
on flight time, comparisons with studies that used the 
impulse-momentum method should be made cautiously 
due to potential methodological discrepancies. Moreo-
ver, placing these findings into context within the existing 
body of research is challenging due to the limited avail-
ability of studies examining the repeatability of PAPE 

responses across multiple in-season training sessions. 
This underscores the need for further research to explore 
this aspect in greater detail and validate the present find-
ings in different athletic contexts.

Conclusions and practical applications
These findings suggest that ICA can consistently elicit 
a PAPE response in national-level soccer players with a 
short 60-s rest interval, though its magnitude falls within 
measurement variability, requiring cautious interpreta-
tion. However, the variability in individual responsive-
ness and the lack of a relationship with running variables 
monitored via GPS during soccer matches indicate that 
other physiological and neuromuscular factors may influ-
ence magnitude of PAPE responses. Given this variability, 
it may be beneficial to individually monitor PAPE respon-
siveness to optimize its application. Future research 
should explore the long-term stability of PAPE responses 
across different phases of the season, as well as its occur-
rence at various time intervals following match compe-
tition. Additionally, further studies should investigate its 
applicability to athletes of different competitive levels and 
sports disciplines to determine its broader effectiveness 
in various sporting contexts.

Abbreviations
PAPE  Post-activation performance enhancement
ICA  Isometric conditioning activity
MD + 3  Three days post-match
CMJ  Countermovement jump
TD  Total distance
HSR  High-speed running distance
SD  Sprint distance
PL  Player load
ACC   Total number of accelerations
DCC  Total number of decelerations

Acknowledgements
We would like to thank Jarosław Skrobacz, Jan Woś, Jonatan Helbin and 
Wojciech Grzyb for facilitating the conduct of this study.

Authors’ contributions
Conceptualization, MK and JJ; methodology, MK and JJ; software, DG and PA; 
validation, PA and MS; formal analysis, JJ and DG; investigation, JJ and PG; data 
curation, JJ and MS; writing – original draft preparation, JJ; writing – review 
and editing, JJ, MW, MK; supervision, MK and MW; project administration, 
JJ and PG. All authors have read and agreed to the published version of the 
manuscript.

Funding
This research did not receive any external funding.

Data availability
The datasets analyzed during the current study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the principles of the Helsinki 
Declaration and was approved by the Bioethical Committee for Scientific 



Page 10 of 11Jarosz et al. BMC Sports Science, Medicine and Rehabilitation          (2025) 17:115 

Research at the Jerzy Kukuczka Academy of Physical Education in Katowice, 
Poland (03/2021). Informed consent was obtained from all study participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Sports Training, Institute of Sport Sciences, The Jerzy Kuku-
czka Academy of Physical Education, Ul Mikolowska 72a, Katowice 40-065, 
Poland. 2 Department of Biomechanics and Sports Engineering, Gdansk 
University of Physical Education and Sport, Gdansk, Poland. 3 Institute of Sports 
Sciences, University of Physical Culture, Krakow 31-571, Poland. 4 Department 
of Sports Games, Faculty of Physical Education and Sport, Charles University, 
Prague, Czech Republic. 

Received: 18 July 2024   Accepted: 4 April 2025

References
 1. Kalinowski R, Pisz A, Kolinger D, Wilk M, Stastny P, Krzysztofik M. Acute 

effects of combined isometric and plyometric conditioning activities on 
sports performance and tendon stiffness in female volleyball players. 
Front Physiol. 2022;13:1025839.

 2. Stastny P, Kolinger D, Pisz A, Wilk M, Petruzela J, Krzysztofik M. Effects of 
Eccentric Speed during Front Squat Conditioning Activity on Post-activa-
tion Performance Enhancement of Hip and Thigh Muscles. J Hum Kinet. 
2024;91:5–18.

 3. Krzysztofik M, Spieszny M, Trybulski R, Wilk M, Pisz A, Kolinger D, et al. 
Acute Effects of Isometric Conditioning Activity on the Viscoelastic 
Properties of Muscles and Sprint and Jumping Performance in Handball 
Players. J Strength Cond Res. 2023;37:1486–94.

 4. Gutiérrez-Flores D, Alcaraz PE, Cormier P, Martínez-Serrano A, Freitas TT. 
Do Activities Performed within the Intra-Contrast Rest Interval Affect 
Neuromuscular Performance during Complex-Contrast Training Proto-
cols? J Hum Kinet. 2024;91:33–46.

 5. 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;46:231–40.

 6. Krzysztofik M, Wilk M, Pisz A, Kolinger D, Tsoukos A, Aschenbrenner P, 
et al. Effects of Unilateral Conditioning Activity on Acute Performance 
Enhancement: A Systematic Review. J Sports Sci Med. 2022;21:625–39.

 7. Blazevich AJ, Babault N. Post-activation Potentiation Versus Post-acti-
vation Performance Enhancement in Humans: Historical Perspective, 
Underlying Mechanisms, and Current Issues. Front Physiol. 2019;10:1359.

 8. Hodgson M, Docherty D, Robbins D. Post-Activation Potentiation: Under-
lying Physiology and Implications for Motor Performance. Sports Med. 
2005;35:585–95.

 9. Xenofondos A, Papavasileiou A, Bassa E, Vrabas IS, Patikas DA. Postactiva-
tion Potentiation and the Asynchronous Action of Muscular and Neural 
Responses. Int J Sports Physiol Perform. 2023;18:852–60.

 10. Docherty D, Hodgson MJ. The Application of Postactivation Potentiation 
to Elite Sport. Int J Sports Physiol Perform. 2007;2:439–44.

 11. Hader K, Rumpf MC, Hertzog M, Kilduff LP, Girard O, Silva JR. Monitoring 
the Athlete Match Response: Can External Load Variables Predict Post-
match Acute and Residual Fatigue in Soccer? A Systematic Review with 
Meta-analysis. Sports Med - Open. 2019;5:48.

 12. Skurvydas A, Jurgelaitiene G, Kamandulis S, Mickeviciene D, Brazaitis 
M, Valanciene D, et al. What are the best isometric exercises of muscle 
potentiation? Eur J Appl Physiol. 2019;119:1029–39.

 13. Boullosa DA, Tuimil JL, Alegre LM, Iglesias E, Lusquiños F. Concurrent 
Fatigue and Potentiation in Endurance Athletes. Int J Sports Physiol 
Perform. 2011;6:82–93.

 14. Lum D, Yang Ong K, Haischer MH. Postactivation Performance Enhance-
ment With Maximal Isometric Contraction on Power-Clean Performance 
Across Multiple Sets. Int J Sports Physiol Perform. 2024;19:265–70.

 15. Urbański R, Biel P, Kot S, Perenc D, Aschenbrenner P, Stastny P, et al. Impact 
of active intra-complex rest intervals on post-back squat versus hip thrust 
jumping potentiation. Sci Rep. 2023;13:19593.

 16. Trybulski R, Makar P, Alexe DI, Stanciu S, Piwowar R, Wilk M, et al. Post-Acti-
vation Performance Enhancement: Save Time With Active Intra-Complex 
Recovery Intervals. Front Physiol. 2022;13:840722.

 17. Biel P, Ewertowska P, Stastny P, Krzysztofik M. Effects of Complex Training 
on Jumping and Change of Direction Performance, and Post-Activation 
Performance Enhancement Response in Basketball Players. Sports. 
2023;11:181.

 18. Krzysztofik M, Jarosz J, Urbański R, Aschenbrenner P, Stastny P. Effects of 6 
weeks of complex training on athletic performance and post-activation 
performance enhancement effect magnitude in soccer players: a cross-
sectional randomized study. Biol Sport. 2025;42:211–21.

 19. Bogdanis GC, Tsoukos A, Veligekas P, Tsolakis C, Terzis G. Effects of muscle 
action type with equal impulse of conditioning activity on postactivation 
potentiation. J Strength Cond Res. 2014;28:2521–8.

 20. Esformes JI, Cameron N, Bampouras TM. Postactivation Potentiation Fol-
lowing Different Modes of Exercise. J Strength Cond Res. 2010;24:1911–6.

 21. Terbalyan A, Mikołajec K, Krzysztofik M, Urbański R, Jarosz J, Stastny P, 
et al. Effects of overcoming isometric unilateral conditioning activity on 
subsequent single-leg drop jump in elite and amateur volleyball players: 
a randomized crossover trial. BMC Sports Sci Med Rehabil. 2025;17:30.

 22. Jarosz J, Gawel D, Socha I, Ewertowska P, Wilk M, Lum D, et al. Acute 
Effects of Isometric Conditioning Activity with Different Set Volumes on 
Countermovement Jump Performance in Highly Trained Male Volleyball 
Players. Appl Sci. 2025;15:2393.

 23. Spieszny M, Trybulski R, Biel P, Zając A, Krzysztofik M. Post-Isometric Back 
Squat Performance Enhancement of Squat and Countermovement 
Jump. Int J Environ Res Public Health. 2022;19:12720.

 24. Newham DJ, Jones DA, Turner DL, McIntyre D. The metabolic costs of dif-
ferent types of contractile activity of the human adductor pollicis muscle. 
J Physiol. 1995;488:815–9.

 25. Stotz A, Maghames E, Mason J, Groll A, Zech A. Maximum isometric 
torque at individually-adjusted joint angles exceeds eccentric and 
concentric torque in lower extremity joint actions. BMC Sports Sci Med 
Rehabil. 2022;14:13.

 26. McKay AKA, Stellingwerff T, Smith ES, Martin DT, Mujika I, Goosey-Tolfrey 
VL, et al. Defining Training and Performance Caliber: A Participant Clas-
sification Framework. Int J Sports Physiol Perform. 2022;17:317–31.

 27. Heishman AD, Daub BD, Miller RM, Freitas EDS, Frantz BA, Bemben MG. 
Countermovement Jump Reliability Performed With and Without an Arm 
Swing in NCAA Division 1 Intercollegiate Basketball Players. J Strength 
Cond Res. 2020;34:546–58.

 28. Delaney JA, Thornton HR, Rowell AE, Dascombe BJ, Aughey RJ, Duthie 
GM. Modelling the decrement in running intensity within professional 
soccer players. Sci Med Footb. 2018;2:86–92.

 29. Griffin J, Newans T, Horan S, Keogh J, Andreatta M, Minahan C. Accelera-
tion and High-Speed Running Profiles of Women’s International and 
Domestic Football Matches. Front Sports Act Living. 2021;3:604605.

 30. Jennings D, Cormack S, Coutts AJ, Boyd L, Aughey RJ. The Validity and 
Reliability of GPS Units for Measuring Distance in Team Sport Specific 
Running Patterns. Int J Sports Physiol Perform. 2010;5:328–41.

 31. Hopkins WG. Measures of Reliability in Sports Medicine and Science. 
Sports Med. 2000;30:1–15.

 32. Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass Correla-
tion Coefficients for Reliability Research. J Chiropr Med. 2016;15:155–63.

 33. Cardoso Marques MA, González-Badillo JJ. In-Season Resistance Training 
and Detraining in Professional Team Handball Players. J Strength Cond 
Res. 2006;20:563.

 34. Bishop C, Abbott W, Brashill C, Loturco I, Beato M, Turner A. Seasonal Vari-
ation of Physical Performance, Bilateral Deficit, and Interlimb Asymmetry 
in Elite Academy Soccer Players: Which Metrics Are Sensitive to Change? J 
Strength Cond Res. 2023;37:358–65.

 35. Caldwell BP, Peters DM. Seasonal Variation in Physiological Fitness of a 
Semiprofessional Soccer Team. J Strength Cond Res. 2009;23:1370–7.

 36. Wilson JM, Duncan NM, Marin PJ, Brown LE, Loenneke JP, Wilson SMC, 
et al. Meta-Analysis of Postactivation Potentiation and Power: Effects of 
Conditioning Activity, Volume, Gender, Rest Periods, and Training Status. J 
Strength Cond Res. 2013;27:854–9.



Page 11 of 11Jarosz et al. BMC Sports Science, Medicine and Rehabilitation          (2025) 17:115  

 37. Allégue H, Turki O, Oranchuk DJ, Khemiri A, Schwesig R, Chelly MS. The 
Effect of Combined Isometric and Plyometric Training versus Contrast 
Strength Training on Physical Performance in Male Junior Handball Play-
ers. Appl Sci. 2023;13:9069.

 38. Carmichael DS, Hickey JT, Tofari PJ, Bourne MN, Ward MR, Timmins RG. 
Impact of an Isometric or Eccentric Hip Extension Exercise Intervention 
on Hamstring Strength, Architecture, and Morphology. Med Sci Sports 
Exerc. 2022. https:// doi. org/ 10. 1249/ MSS. 00000 00000 003012.

 39. Gee TI, Harsley P, Bishop DC. Effect of 10 Weeks of Complex Training on 
Speed and Power in Academy Soccer Players. Int J Sports Physiol Perform. 
2021;16:1134–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1249/MSS.0000000000003012

	How repeatable is PAPE effect: the impact of in-season isometric squat activation on countermovement jump performance enhancement in national level soccer players
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Experimental approach to the problem
	Subjects
	Pre-experimental sessions
	Familiarization and experimental sessions
	Measurements of countermovement jump height
	Match load assessment
	Statistical analyses


	Results
	Discussion
	Conclusions and practical applications

	Acknowledgements
	References


