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Abstract: (1) Background: Post-activation performance enhancement (PAPE) protocols using heavy
resistance preloading may improve RSA, yet optimal preloading intensity for amateur players is
still unknown. This study investigated the effects of two PAPE protocols using different preloading
intensities (85% and 90% of 1RM back squat) on RSA. (2) Methods: A double-blind, randomized,
two-period crossover design was used, and 18 amateur male players were included in the study.
RSA was assessed using a 6 x 35m sprint protocol with 10-second rest intervals (RAST). (3) Results:
While the main effect of time significantly (p=0.01, 1?=0.71) influenced performance decline across
all groups, there was no significant (p=0.65, 1>=0.01) interaction between time and condition.
Individual responses to PAPE varied, highlighting the importance of individual differences.
Interestingly, the BS85% group exhibited a less pronounced decline in performance compared to the
control group, while the BS90% group only showed significant differences in three sprint levels. (4)
Conclusions: Our findings suggest that a lower preload of 85% of 1RM may be as adequate as a
higher preload of 90% of 1RM in enhancing RSA in amateur soccer players. These results may
indicate a potential fatigue-delaying effect of PAPE protocols and emphasize the importance of
individualized approaches for optimizing PAPE strategies.

Keywords: warm-up; repeated sprint performance; human physical conditioning; soccer; post
activation potentiation; resistance training

1. Introduction

Soccer requires players to execute short linear sprints interspersed with periods of passive rest
or low to moderate activity. These sprints are often followed by active or passive rest periods longer
than one minute, allowing complete or near-complete recovery [1]. While some studies report a
decline in performance during repeated sprints, they suggest that this decrease is relatively small and
that players are able to recover well between sprints [2], others indicate that linear sprints performed
with short rest intervals (i.e., less than 30 s) may negatively impact sprint performance [3]. This
potential decline in linear sprint performance can be attributed to repeated sprint ability (RSA).

RSA refers to an athlete’s capacity to perform short sprints (less than 6 s) with brief rest periods
(less than 30 s), and it may influence the high-intensity efforts required during critical moments in
competitions, such as counter-attacks and defensive recovery [4]. Several factors may influence RSA,
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including the muscle power output [5]. A previous study reported a moderate correlation (r = 0.51 to
0.54, p=0.01 to 0.02) between leg strength and the maximum RSA in soccer players [6]. Furthermore,
a recent systematic review indicated that increasing strength levels could enhance soccer players’
RSA, including the best, mean, and total times [7]. Previous studies have suggested that improving
strength levels can positively impact soccer players” RSA. Consequently, various warm-up protocols
designed to enhance soccer players’ performance have garnered significant attention from strength
and conditioning coaches [8]. One such warm-up protocol is post-activation performance
enhancement (PAPE), which aims to develop strength by utilizing different intensities of one
repetition maximum (1RM) with external loads.

PAPE is defined as an acute increase in human voluntary movement performance, including
maximal force, power, and speed following preloading [9,10]. While some researchers have presented
their views on the mechanisms underlying the post-activation potentiation (PAP) effect in the
literature, it is theoretically anticipated that PAP should result in PAPE. The mechanisms that support
PAPE have not been fully elucidated, suggesting that further studies are necessary [11]. Additionally,
researchers argued that the need for further exploration of PAPE arises partly from the lack of
observed effects when PAP is significant (e.g., within 3-4 minutes post-contraction) [9]., Notably, the
temporal profile of myosin light chain phosphorylation, a key mechanism underlying “classical”
PAP, rarely aligns with the temporal profile of voluntary force enhancement. Furthermore, unlike
PAP, changes in muscle temperature, muscle/cellular water content, and muscle activation may
contribute at least partially to voluntary force enhancement. Consequently, this enhancement has
been recently termed PAPE[11]. Several preloading methods have been applied to achieve PAPE.
Although heavy resistance exercises are commonly performed as preloading, studies have also been
conducted on plyometric jumps, weight vests, isometric contractions, and electromyostimulation
(EMS) applications [12,13]. Some studies have indicated that maximal or near-maximal preloading is
one of the most effective ways to elicit PAPE [13]. In a previous study examining the effects of preload
on repeated sprint performance, significant improvements were observed in the repeated sprint
performance of elite athletes after performing squats at 90% of their 1RM. However, no similar
development was observed in amateur athletes, and PAPE may occur at a minimal level [13].
However, some studies examined the effect of PAPE on one-time sprints. A study demonstrated that
combined conditioning activity and strength protocols could be incorporated into warm-up routines
instead of traditional warm-ups to enhance immediate sprint performance in amateur soccer players
[14]. Contrary to this study, another study did not report the effect of PAPE on short-distance linear
sprint performance after preload [12]. Although there is a widespread belief that high preloads reveal
PAPE, there is currently no consensus on specific methods for preloads, including the intensity and
volume of these methods, the recommended rest period following these methods, and the duration
of the effectiveness of PAPE. Researchers have agreed on an experimental design that elicits PAPE
after squat jumps and ballistic bench shots [15,16]. However, more studies are needed to understand
whether high preloads elicit PAPE in more functional movements such as RSA [13]. These
movements require speed, power, and endurance, making them essential for soccer success.

This study highlights the potential of strength-focused warm-up protocols, particularly PAPE,
to significantly improve soccer players’ RSA. By emphasizing the link between strength development
and enhanced RSA, these findings could present alternative training approaches for soccer athletes,
leading to improved on-field performance and more effective conditioning strategies. Although the
precise mechanisms of PAPE in the context of intense warm-ups remain unclear, the potential for
enhancing RSA through preloads emphasizes the need for further investigation into this promising
training strategy for soccer players. Thus, the occurrence of PAPE in athletes following intense warm-
ups remains unclear. Although the individual effect of PAPE on different performance metrics has
been investigated [17], the individual responses of amateur male soccer players on the RAST have
not yet been explored. Investigating the potential effects of PAPE on RSA is essential, as enhancing
neuromuscular efficiency through preloads could improve repeated sprint performance, which is
crucial for success in high-intensity intermittent team sports, such as soccer.

This study aimed to investigate the effects of post-activation performance enhancement protocols
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created using different preloading volumes on repeated sprint ability performance in amateur male
soccer players. In this study, it was assumed that PAPE protocols would positively affect the repeated
sprint performance of amateur male soccer players.

2. Materials and Methods
Study Design

This study was implemented in a double-blind, randomized, two-period crossover study. ABBA
method was preferred for the crossover design, and participants performed two different PAPE
protocols. The randomization process was conducted using an online Research Randomizer website
(Urbaniak G. C. & Plous S. Research Randomizer Version 4.0; www.randomizer.org), with a 1:1
allocation ratio. The CONSORT Crossover Extension checklist was used to improve reporting quality
[18]. Details of the study checklist are provided in Supplementary Material S1. The study protocol
was registered in the Open Science Framework (OSF) (DOI: **blinded for review***), and all study
documents were made available for open access in the OSF (**blinded for review***).

Participants

This study involved 18 male soccer players (mean age: 20.83 + 0.68 years, mean height: 176.94 +
1.27 cm, mean weight: 68.6 + 1.64 kg, mean body mass index: 21.97 + 0.38 kg/m?) who volunteered to
participate in the ***blinded for review*** First Amateur Soccer League in ***blinded for review***.
Participants were selected based on the following criteria: (i) participation in an official match at least
once per week, (ii) training a minimum of two days per week during the season, (iii) the ability to
perform back squats with a weight of at least 1.50 times their body weight, (iv) a minimum of seven
hours of sleep per night, (v) non-smoker status, (vi) abstention from alcohol consumption, and (vii)
identification as male soccer players.

A purposive sampling method was used in this study. Effect sizes derived from prior research
were utilized for power analysis [13,19]. A priori power analysis was conducted using G*Power
software (version 3.1, University of Diisseldorf, Germany) based on the following parameters:
ANOVA with repeated measures, between-factor test, oc = 0.05, 3 = 0.80, effect size = 0.50, number of
groups =2, number of measurements = 6, and an r-value among repeated measures = 0.40. The power
analysis results indicated that a minimum sample size of 18 participants was necessary. All
participants provided informed consent, indicating voluntary participation in the study. The study
adhered to the principles outlined in the Declaration of Helsinki. The study was approved by the
**plinded for review*** Non-interventional Clinical Ethics Committee (2023/1266). Details of the
participant characteristics are presented in Table 1.

Table 1. Baseline physical characteristics of amateur male soccer players.

Variables Mean+SD
Age (y) 20.83 +0.68
Training experience (y) 7.72+0.57
Height (cm) 176.94 + 1.27
Body weight (kg) 68.6 +1.64
BMI (kg/mz) 21.97 +0.38
Body fat percentage (%) 13.15+0.66

Body muscle mass (kg) 46.58 + 3.09
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1RM (kg) 151.94 +7.57

1RM/Body weight (%) 2.23+0.11

Legend. The data were collected from 18 participants who were included in the study. These data are presented
as mean + standard deviation. y: years; cm: centimeters; kg: kilogram; BMI: Body mass index; 1RM: One
repetition maximum; %: percentage.

Experimental Procedures

Participants performed four testing sessions with 48 hours of rest. Experimental procedures
were conducted based on criteria established by field professionals [20]. All assessments were
performed at consistent times of the day to manage potential physiological and behavioral influences.
The study protocol was conducted on a grass field following established standards, under adequate
sunlight conditions, with ambient temperatures ranging from 20 to 26°C and relative humidity levels
between 45 and 60%. The participants were advised to refrain from engaging in strenuous physical
activity before test and training days and to ensure they consumed sufficient carbohydrates to
mitigate the impact of fatigue. On the initial day of the study, an informational meeting was
conducted to allow participants to discuss the study protocol and associated exercises. All
participants were briefed on the assessments to mitigate the risk of learning bias. Care was taken to
avoid disclosing information that could potentially compromise the integrity of the study results,
such as specifics regarding the control and experimental protocols. Participants were assured that
they had the autonomy to withdraw from the study at any time should they choose to do so. After
obtaining the descriptive characteristics of all participants, standardized a warm-up protocol was
applied [17], and 1 RM was determined according to the researchers’ recommendations [21]. RAST
was performed after the warm-up protocol on the second day of the study. On the third day, soccer
players performed the RAST test 5 minutes after the preload stimulus, which consisted of 1 set of 3
repetitions of the back squat at 85% of their 1 RM. On the fourth day, soccer players performed the
RAST test 5 minutes after the preload stimulus, which consisted of 1 set of 3 repetitions of the back
squat at 90% of their 1 RM. Participants were instructed to refrain from eating for 1.5 hours before
the measurement time. Athletes were allowed to drink water (500ml) during the test and were
verbally motivated during the RAST. The study protocol was overseen by a researcher with expertise
in strength conditioning, while the test results remained concealed from this expert. Other
researchers documented the test results in an Excel spreadsheet, and the analyses were conducted by
a separate researcher who was also blinded to the study protocol.
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Figure 1. The experimental design of study. Legend. B585%: Smith machine back squat 85% of 1 RM;
BS90%: Smith machine back squat 90% of 1 RM; PAPE: Post activation performance enhancement;
min: Minute; RAST: Running anaerobic sprint test.

Measurements
Determination of Heart Rate

During RAST performance, participants’ maximum (HRmax) and mean (HRmean) heart rates were
monitored using a heart rate sensor (H10, Polar Electro, Oy, Kempele, Finland). Two researchers
performed measurements on a grass field. The researchers reported the H10 heart rate sensor with a
sampling rate of 1000 Hz to have high validity (r = 0.86 to 0.95), reliability (ICC = 0.85 to 0.95), and
average bias (Bland Altman =-0.7 to 0.4 ms) [22].

Rate of Perceived Exertion

After the RAST, the participants individually indicated their perceived exertion (RPE) score
using the CR-10 Borg scale to assess the subjective intensity of the test. This scale ranges from 0 to 10,
where 0 signifies ‘not tired at all” and 10 represents ‘very difficult (maximum)’ [23].

Smith Machine Back Squat 1 Repetition Maximum Test

1RM squat test was conducted according to the criteria established by researchers [21]. The 1RM
back squat values were assessed using a Smith machine with the squat depth set to a knee joint angle
ranging from 85° to 90° (where full extension corresponds to a 180-degree knee angle). This depth
was maintained throughout the PAPE protocol. After a 5-minute walk, participants completed the
warm-up procedure with 8-10 repetitions of Smith machine back squats using an empty barbell
weighing 20 kg. Following the warm-up, they performed 3-5 repetitions at 60-80% of their estimated
1RM weight, followed by a 2-minute rest. In the third phase, the weight was increased to a level that
allowed to 2-3 repetitions to be completed, corresponding to 90-95% of the estimated 1RM. A rest
interval of 4 min was provided before the final 1RM attempt, during which the maximum lifted
weight was recorded. The 1RM value was conducted over to 4-5 phases.

PAPE Protocol

No preloads were applied during the baseline protocol. On the third day, participants performed
three repetitions, with 30-second rest intervals, at 85% of their one-repetition maximum (1 RM) on
the Smith machine back squat after a proper warm-up [17]. On the fourth day, they executed three
repetitions, again with 30-second rest intervals, at 90% of their 1 RM on the Smith machine back squat
following a warm-up. The movements were performed with the feet positioned shoulder-width apart
and were controlled. The participants were instructed to keep their feet on the ground and squat until
their knees formed a 90° angle. The location where the athletes reached the predetermined angle was
marked with a resistance band and the movement was completed by engaging the hamstring muscle
group [24].

RAST Protocol

Following the PAPE protocol, participants were given a 5-minute rest interval before starting
the test [16]. RAST was performed on a turf field with soccer cleats. The researchers reported that
RAST was highly reliable (ICC = 0.88 to 0.96) for soccer players and could be applied on turf fields
[25]. Soccer players performed six consecutive 35-m linear sprints at maximum speed with 10-second
rest intervals. Linear sprint time was recorded every 35 m using timing gates (Smartspeed timing
gate system-Fusion Sport™, Australia) sampling at 1000 Hz and error-correcting sampling
algorithms [26]. No information about the participants” degree was disclosed until the study was
completed to eliminate the placebo effect.

Statistical Analysis
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The analyses were conducted using descriptive statistics and visual-analysis techniques. The
normality assumption of the data was assessed using the Shapiro-Wilk test, while potential outliers
affecting the dataset were evaluated through a sensitivity analysis. The impact of the three
experimental conditions on RAST metrics was examined using one-way ANOVA, and the
homogeneity of variances was assessed with the Levene test. The effect of experimental conditions
on RAST performance was analyzed using a repeated measures ANOVA, while a two-way repeated
measures ANOVA was employed to evaluate the interaction between time and condition. The
assumption of sphericity was tested using Mauchly’s test, and the Greenhouse-Geisser correction
was applied in cases of sphericity violation. If the F ratio was significant, post-hoc pairwise
comparisons were conducted with Bonferroni correction. Partial eta squared (1)?) and omega squared
(o?) values were used to interpret the effect sizes. Eta squared, and omega squared were interpreted
according to the following benchmarks: 0.01 = small effect, 0.06 = medium effect, and 0.14 = large
effect [27]. Participants” individual RAST responses to the experimental conditions were evaluated
using Mann-Kendall trend analysis, and Monte Carlo simulation was applied with 1000 resamplings
to increase the statistical power of the findings. All statistical analyses were conducted at a
significance level of a = 0.05. The analyses were performed using R software (version 4.1.0, R Core
Team, Australia) utilizing the {ggstatsplot}, {rstatix}], {ggpubr}, {patchwork}, and {tidyverse}
packages. The details of R code lines and dataset were presented via OSF (***BLINDED FOR
REVIEW#***),

3. Results
The Results for Intervention Adherence and Potential Moderators

Eighteen amateur male soccer players participated in this study. All participants demonstrated
100% adherence to the testing sessions, and no injuries occurred due to the study protocol.

Three potential variables affecting participants” RAST performance (HRmean, HRmax, and RPE
score) were evaluated for three experimental conditions (control, BS85%, and BS90%). The results
revealed no statistically significant differences among potential moderators across the three
experimental conditions (F251 = 0.31 to 0.51, p = 0.57 to 0.73). The details regarding the potential
moderators are presented in Table 2.
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Table 2. Comparisons of potential moderators.

Variables Groups N Mean SD Fap,ap) p-value

CON 18 164.83 9.21

HRumean BS85% 18 161.00 12.03 0.56251) 0.57
BS90% 18 162.28 11.57
CON 18 181.00 6.63

HRumax BS85% 18 179.11 7.26 0.31esn 0.73
BS90 18 180.11 7.67
CON 18 6.56 1.20

RPEscore BS85% 18 6.83 1.04 0.31es1 0.73
BS90% 18 6.78 1.11

Legend. CON: Control group; BS85%: Smith machine back Squat 85% of 1 RM; BS90%: Smith machine back squat
90% of 1 RM; F: F-value, p-value: significance level; max: Maximum.

Results for Participants’ Individual RAST Performances Based on Experimental Conditions

The decrease in performance (i.e., the difference between the six sprint times) of the four soccer
players during the RAST was not statistically significant in the control condition. Similarly, the
decrease in RAST performance of the four soccer players in the BS85% group was not statistically
significant. In comparison, there was no significant difference between the sprint times of the seven
soccer players during the RAST in the BS90% group. Details regarding the individual RAST responses
of soccer players are presented in Table 3.

Table 3. Comparison of individual RAST performances of amateur male soccer players based on
experimental conditions.

Control group BS85% group BS90% group
Mann  Monte Mann  Monte Mann  Monte
Partipan Mann Mann Mann
Kendall Carlo Kendall Carlo Kendall Carlo
ts Kendall Kendall Kendall
(p- (p- (p- (p- (p- (p-
(1) (1) (7)

value)  value) value)  value) value)  value)

1 1 0.01* 0.01* 0.73 0.06 0.05 1 0.01* 0.01*
2 0.87 0.02* 0.01* 1 0.01* 0.01* 1 0.01* 0.01*
3 0.86 0.02* 0.01* 0.33 0.45 0.46 1 0.01* 0.01*

4 1 0.01* 0.01* 0.86 0.02* 0.01* 0.60 0.13 0.13

5 1 0.01* 0.01* 1 0.01* 0.01* 1 0.01* 0.01*
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6 0.60 0.13 0.14 0.87 0.02* 0.01* 1 0.01* 0.01*
7 1 0.01* 0.01* 0.96 0.02* 0.01* 1 0.01* 0.01*
8 1 0.01* 0.01* 1 0.01* 0.01* 0.86 0.03* 0.05
9 0.61 0.14 0.13 1 0.01* 0.01* 0.86 0.02* 0.01*
10 1 0.01* 0.01* 0.86 0.02* 0.02* 0.86 0.03* 0.03*
11 0.73 0.06 0.5 0.33 0.45 0.46 0.73 0.06 0.05
12 0.86 0.02* 0.02* 1 0.01* 0.01* 0.60 0.13 0.14
13 1 0.01* 0.02* 1 0.01* 0.01* 0.60 0.13 0.13
14 0.86 0.02* 0.01* 0.86 0.02* 0.02* 0.73 0.06 0.07
15 0.73 0.06 0.05 0.86 0.02* 0.02* 0.73 0.06 0.06
16 0.86 0.02* 0.01* 0.60 0.14 0.13 0.82 0.04* 0.03*
17 1 0.01* 0.01* 1 0.01* 0.02* 1 0.01* 0.01*
18 1 0.01* 0.01* 0.86 0.02* 0.02* 0.73 0.6 0.05

The Results Based on RAST Metrics

One-way ANOVA indicated that there was no statistically significant difference in the RASTvest
scores of amateur male soccer players under the three experimental conditions (i.e., control, BS85%,
and BS90%) (F251=0.01; w? = 0.00, 95%CI = 0.00 to 1.00; p = 0.99). Similar results were also found in
RASTmean (F251 = 0.00; w? = 0.00, 95%CI = 0.00 to 1.00; p = 0.99) and RASTwta time (F2,51 = 0.00; w? = 0.00,
95%CI = 0.00 to 1.00; p = 0.99). These results revealed that the RAST metric means of amateur male
soccer players were statistically similar under the three experimental conditions. Details of the
analysis results for the RAST metrics are presented in Figure 2, and the descriptive statistics used for
the analysis are provided in Supplementary Material S2.
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Figure 2. Group-based comparison of RAST metrics. Legend. CON: Control group; BS85: Smith
machine back Squat 85% of 1 RM; BS90: Smith machine back squat 90% of 1 RM; F: F-value, p:
significance level; w?: Omega kare; Clos%: 95% confidence interval lower and upper limit; n: Number
of participants.

The Results Based on Time:Condition Interaction

The two-way ANOVA showed that the main effect of time (i.e., six linear sprints applied for
RAST) had a statistically significant difference (Fs 7 = 187.96, p = 0.01, 2 = 0.71). However, the main
effect of the three experimental conditions (F2 3 = 1.59, p = 221, n? = 0.01) and the time:condition
interaction did not have a statistically significant difference (Fio,150 = 0.78, p = 0.65, 2 = 0.01).

The time main effect and time:condition interaction were understood to violate the assumption
of sphericity (Time: W = 0.077, p = 0.01; Time:condition: W = 0.00, p = 0.02), and Greenhouse-Geisser
(GG) correction was applied. GG correction showed a significant effect for the time main effect (Fzs,
746 = 187.96, p = 0.01), while the time:condition interaction was not significant after GG correction
(Fs197279 = 0.78, p = 0.57). The analysis revealed a significant main effect of time, but no significant
effect on the condition or time:condition interaction. The details of the two-way ANOVA are
presented in Figure 3.
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Figure 3. Comparison of RAST performance based on group and time interaction.

The Results Based on the Sprint Time of the Groups

Repeated-measures ANOVA showed that time had a statistically significant effect on RAST
performance in the control group (Fs s = 96.31, p = 0.01, n2 = 0.66). Although the results indicated a
violation of sphericity, similar results emerged after the GG correction (Fzs6435 = 93.39, p = 0.01).
Pairwise post hoc analyses showed that linear sprint performance decreased gradually from Sprint 1
to Sprint 5 (t =-4.06 to -11.80, df=17, p = 0.01 to 0.04). No statistically significant differences were found
between Sprint 5 and 6 (t =-1.10, df = 17, p = 1.00). Details of the control group” repeated measures
ANOVA and post hoc analysis are presented in Figure 4c.

On the other hand, the time factor had a statistically significant effect on RAST performance in
the BS85% group (Fs, s = 54.23, p = 0.01, n)2 = 0.49). Mauchly’s test showed that the assumption of
sphericity was violated (W = 0.032, p = 0.01), while after the GG correction, the time factor was found
to be significant (Fz614444 = 54.23, p = 0.01, 12 = 0.50). Post hoc analyses also determined that sprint
performance significantly decreased over time for the BS85% group (p < 0.05). However, there were
no statistically significant difference (p > 0.05) between consecutive sprints (sprint 1 vs. 2, sprint 2 vs.
3, sprint 3 vs. 4, sprint 4 vs. 5, and sprint 5 vs. 6). Details of the BS85% group’ repeated measures
ANOVA and post hoc analysis are presented in Figure 4b.

The time factor also had a statistically significant effect on RAST performance in the BS90%
group (Fs,85=96.31, p = 0.01, n?=0.66). Mauchly’s test revealed that the assumption of sphericity was
not violated (W = 0.39, p = 0.46). Post hoc analyses reported no statistically significant differences (p >
0.05) for the three sprint pairs in the BS90% group (sprint 1 vs. 2; sprint 3 vs. 4; sprint 5 vs. 6). Details
of the repeated measures ANOVA and post hoc analysis of the BS90% group are presented in Figure
4a. Also, descriptive statistics of all groups for repeated measures of ANOVA are provided in
Supplementary Material S3 and Supplementary Material S4.


https://doi.org/10.20944/preprints202411.0432.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 November 2024 d0i:10.20944/preprints202411.0432.v1

11
a Anova, F(5,85) = 96.31, p = <0.0001, qg = 0.66 h Anova, F(2.61,44.44) = 54.23, p = <0.0001, I’]; =05
8 ns 9 ns
’L S | - B
I i  —
o - -
- 8 IT"‘:|
L] J aew
, — i |
] ’T‘:
| —— s
< ] _ns_f—|
@ E .
3 3
w 0 . - .

wn

*+*#$$6++++$$

Sprint 1 Sprint2 Sprint3 Sprint4 Sprint 5 Sprint 6
Time

Sprint1 Sprint2 Sprint3 Sprintd Sprint 5 Sprint 6
Time

c Anova, F(2.56,43.5) = 93.39, p = <0.0001, n: =0.66

8.5 ne
N
T —
I ]
[ weee ]
7.51 | — |
T Py
1 sten
Y —— ==
§6.5
w

5.51

ﬁ#++%$

5
Sprint1 Sprint2 Sprint3 Sprint4 Sprint5 Sprint 6
Time

Figure 4. Comparison of RAST performance based on repeated measurements. Legend. A: 1 RM
BS90% group B: 1 RM BS85% group; C: Control group.

4. Discussion

This study aimed to investigate the effects of post-activation performance-enhancing protocols
created using different preload volumes on amateur male soccer players’ repeated sprint ability
performance. Although the results revealed that the time: condition interaction was not statistically
significant, the main effect of time significantly affected the RAST performance of the groups. The
results revealed that RAST responses of soccer players varied across experimental conditions,
highlighting the importance of individual differences. However, heart rate and RPE did not affect
RAST performance in this study. While the repeated sprint ability in the control group gradually
deteriorated with each RAST sprint, the performance decrease in the RAST sprints of the
experimental groups was less compared to the control group. While no statistically significant
difference was found for the consecutive sprint comparisons of the BS85% group (sprint one vs. two;
sprint two vs. three, etc.), no statistically significant difference was observed in the BS90% group at
the three sprint levels (sprint one vs. two; sprint three vs. four; sprint five vs. six).

It was assumed that the fatigue experienced during each sprint during the RAST would decrease
the performance of soccer players. The analyses supported this hypothesis by revealing that the main
effect of time was statistically significant. However, statistically insignificant results were observed
in the main effect of time in the experimental groups during the RAST comparisons within the group.
Therefore, it is considered that PAPE may improve repeated sprint ability by increasing muscle
resistance to fatigue. The mechanisms underlying these effects include neural and muscular
interactions and alterations in muscle architecture [15]. These mechanisms include phosphorylation
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of myosin regulatory light chains, recruitment of higher-order motor units, and modifications in the
muscle pennation angle [28]. This effect is likely mediated by increased muscle strength and
enhanced neural excitability [15]. These findings align with previous studies, suggesting that
preloading can enhance repeated sprint performance by increasing muscle resistance to fatigue
[19,29].

The study findings revealed results that contradicted the idea that near-maximal preloads are
more effective in eliciting the PAPE effect [15,30]. The BS85% group did not show statistically
significant differences in consecutive sprint comparisons, whereas the B590% group did not show
statistically significant differences in only three sprint levels. These results suggest that the lower
preload PAPE protocol may further inhibit fatigue during the RAST. This result can be explained by
the loading and rest relationship. The recovery time between the completion of the PAPE warm-up
and RAST in the BS90% group may not have been sufficient for optimal fatigue distribution [16,31].
On the other hand, according to a classification based on the ratio of 1RM back squat values to body
mass, the participants in our study had poor strength levels [16]. Therefore, fatigue accumulation
may have masked the PAPE effect to a greater extent in the BS90% group. Researchers have reported
that preloads performed with heavy loads may cause neuromuscular fatigue, negatively affecting
subsequent performance [32]. Therefore, a lower preload may have provided sufficient stimulus for
the performance of soccer players. Many previous studies have claimed that performance can be
improved with a lower preload [32,33].

Although the main effect of time was statistically significant, the time-condition interaction
between the experimental (BS85% and BS90%) and control groups was not statistically significant.
Also, the groups were similar in terms of RASTmean (p = 0.99), RASTbest (p = 0.99), RASTtotal time
(p =0.99). These results can primarily be attributed to statistical power. The researchers reported that
analyses without sufficient statistical power are prone to Type I error [34]. This study selected athletes
with different competition levels for power analysis [13,19]. The findings of previous studies may not
apply to the present participants. The nonsignificant difference in the time-condition interaction may
also be associated with the RAST responses of amateur athletes during the PAPE protocol. Although
previous studies claimed that PAPE could improve RAST performance, it was reported to have a
nonsignificant or negligible effect on amateur athletes [13]. Therefore, it was assumed that the
absence of a significant difference between the groups in our study is consistent with the existing
literature.

This study was the first to examine the individual RAST responses of soccer players during
PAPE protocols. Twelve soccer players exhibited varying RAST responses during PAPE. These
results may suggest that the time-condition interaction leads to insignificant outcomes. It is well-
established that individual differences influence the PAPE phenomenon [9,11,15]. Factors such as
VO2max, time constant, and physiological biomarkers may also impact the RAST performance of
amateur soccer players [35]. These variables create limitations in accurately assessing the effect of
PAPE on RAST performance.

This study has several limitations. The first limitation pertains to the rest period. Researchers
have reported that individuals with high strength experience the greatest PAPE effect after 5 to 7
minutes of preload, while those with lower strength require at least 8 minutes of recovery [36]. Since
the current study implemented a 5-minute rest period for PAPE in weaker individuals, future
research could evaluate the effects of PAPE on RAST with longer rest intervals. Additionally, male
amateur soccer players with low strength levels were included in this study. The study protocol could
also be applied to soccer players with higher strength levels. Beyond the factors influencing the PAPE
phenomenon, numerous mediating variables can affect RAST performance in team sports [37-40].
This study determined that mediators such as heart rate and perceived exertion did not significantly
impact performance. However, future studies could assess mediating variables such as VO2max and
blood biomarkers to understand the relationship between PAPE and RAST better. Finally, movement
speed may also influence preload protocols [41]. Therefore, future research could confirm the effects
of performing half squats versus full squats and the outcomes of varying the number of sets and types
of exercises.
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5. Conclusions

As aresult, this study revealed that PAPE protocols may have a potential fatigue-delaying effect
on RAST performance in amateur male soccer players. Furthermore, it was understood that
preloading at 85% of 1IRM may be as effective as preloading at 90% of 1RM to increase performance.
It is well known that individual differences during PAPE affect jumping, agility, and strength
performance. This study also found that individual differences affect the relationship between PAPE
and RAST performance. Furthermore, it was determined that mediators such as heart rate and
perceived exertion did not affect these results. Therefore, it was emphasized that physiological
markers may also be important in the relationship between PAPE and RAST. The current study
findings may provide valuable insights for coaches, field experts, and practitioners to consider when
creating match strategies.
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