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Does a Resistance or Plyometrics Exercise Elicit Post Activation Performance Enhancement in Subsequent Sprint Acceleration Performance?

Abstract 
Introduction: High-intensity activities like back squats and plyometrics can induce post-activation performance enhancement (PAPE), acutely improving subsequent athletic performance. However, the magnitude and reliability of PAPE, particularly for sprint performance, vary significantly. This variability is influenced by numerous factors, necessitating a detailed understanding of how training variables modulate this effect.
Purpose: To help identify if a leg-bounding or a back squat induces a PAPE effect in 20m sprint performance in recreational athletes. A secondary aim is to identify if plyometric or resistance training (RT) better induces PAP prior to subsequent sprinting acceleration to improve the activity’s performance and evaluate its value for athletes.
Method: A randomised, cross-over, two-period experimental design was conducted with university students (n=11; age: 22.7 ± 4 years; mass: 77 ± 17.8 kg; height: 1.74 ± 0.08 m; 1RM Back Squat 108.72 ± 41kg; 1.57. kg.bw). Subjects were divided into 2 groups to investigate whether a resistance or plyometrics based activities elicit a post activation performance enhancement in subsequent sprint acceleration performance. Fifteen participants were recruited to perform 2 x 20m sprints on two separate occasions, 4 subjects did not finish data collection. During the visits, both groups performed one of two pre-sprint PAP activities, (1) Plyometric-based bounding (PLYO) (standard sprint specific warm-up, then PAP activity then sprints), or (2) Back-squats (BS), then (standard sprint specific warm-up, then PAP activity, then sprints), with the alternate PAP activity been performed on the second visit. Sprint performance was assessed via 20m trials on a 3G training pitch using laser timing gates.
Results: These results indicate that neither the plyometric (PLYO) nor squat (SQUAT) interventions had a meaningful impact on 20m sprint performance. Although pre-intervention comparisons showed slightly faster sprint times in the pre-PLYO group, this difference was not statistically significant.
Conclusion: Overall, the findings suggest that these training methods did not lead to measurable improvements in sprint speed over 20m distance.
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Introduction
Anaerobic power is a crucial component of athletic performance, particularly in sports that require explosive movements, such as sprinting, jumping, and throwing (Haghighi et al., 2024; Mikołajec et al., 2023; McGuigan, 2017). Anaerobic power (AP) is primarily determined by the capacity of the body's fast-twitch muscle fibres to produce force and expressing it explosively. Practitioners and athletes aim to enhance AP by performing high intensity efforts in short bouts during training (Stone et al., 2022). When enhancing AP is a priority, e.g. a winger in team sports or a 100m sprinter, it will commonly be a variable of primary focus for training sessions, continuing for most of their athletic career. 
           Chronic enhancements in performance may be the primary aim of sport and exercise practitioners; however, acute enhancements become more desired at the elite level when chronic adaptations stagnate (Finlay et al., 2022; Beato et al., 2019; Krzysztofik et al., 2023). Acute improvements in performance such as increased speed and power output can be achieved by using techniques to induce Post Activation Potentiation (PAP), which has become a widely researched topic in sport performance (Gautam, Singh and Varghese, 2024).
         PAP can be defined as an enhanced muscle contractile response following an intense voluntary activity. This is typically measured as the maximum twitch force evoked by manual supramaximal electrical stimulation before and after an intense activity, if there’s an increase in force produced by the tested muscle, PAP has occurred (Blazevich and Babault, 2019). The underlying mechanism is primarily attributed to the biochemical change in the myosin protein in the fast-twitch muscle fibres (Anthi, Dimitrios and Christos, 2014). Specifically, the phosphorylation of the myosin regulatory light chains (MRLC) (Zimmermann et al., 2020) following prior activation plays a crucial role in this increased force production. This phosphorylation, caused by myosin light chain kinase (MLCK) in response to increased intracellular calcium concentration, doesn't directly alter the amount of calcium released during subsequent contractions. Rather, it increases the sensitivity of the contractile apparatus to that calcium. By facilitating a greater number of actin-myosin cross-bridge formations at a given calcium concentration, MRLC phosphorylation can enhance the force-generating capacity of the muscle fibre. However, this potentiation effect, particularly when isolated through manual electrical stimulation, is relatively short-lived with a half-life of 30s (Fischer and Paternoster, 2024), suggesting that other, potentially slower-acting neuromuscular adaptations also contribute to more prolonged post-activation performance enhancements (PAPE) observed during voluntary movements.
           Despite a PAP effect being transient, studies have found Post Activation Performance Enhancement (PAPE) to have a different time-course. Studies have found improvements in sprint times and jump heights from PAPE peak several minutes after the intense voluntary activity (Turner et al., 2015; Chen et al., 2024; Suchomel et al., 2016). Whilst PAP is mainly attributed to myosin light chain phosphorylation, PAPE is influenced by a combination of less immediate factors. These factors include increased muscle temperature, muscular water content, enhanced neural activation, and fatiguing of lower threshold motor units, allowing higher threshold units to assist performance (Blazevich and Babault, 2019).        
           Acknowledging these discrepancies between PAP and PAPE, the term post-activation performance enhancement has been used to specifically indicate the improvement in voluntary muscular performance following high-intensity muscular contractions, particularly when there’s insufficient evidence of PAP (Prieske et al., 2020). Because PAPE typically peaks at time points when traditional PAP is likely long diminished has led to researchers questioning the direct contribution of PAP to PAPE. This is due to it being unable to attribute the performance enhancement solely to higher twitch force when the subsequent activity it’s meant to improve, such as sprinting or jumping, is more complex than using only high muscle force. Additionally, when one considers the conventional use of a warm-up prior to activity, both nervous system stimulation and muscle temperature increase, suggesting likely why contemporary studies discuss the effects of PAPE rather than PAP when investigating potentiation activities on subsequent performance (Prieske et al., 2020).
           The selection of a potentiation activity for PAPE is often guided by the distinct physiological effects of high-intensity methods, notably resistance training and plyometrics, and their potential to elicit specific underlying mechanisms. Plyometric training, characterized by high motor unit recruitment and rapid stretch-shortening cycles (Morris et al., 2022), is thought to induce PAPE through enhanced neuromuscular excitability and muscle spindle sensitivity. Examples such as explosive jumps, hops, skips, and bounding, common in sprinting (Hasan et al., 2021), highlight its capacity for rapid force development. Regarding resistance-based exercises, the back squat, a compound movement recruiting a large amount of lower body musculature (Jaeggi, Achermann and Lorenzetti, 2024), may elicit PAPE through increased muscle fiber recruitment and post-contractile potentiation.

Literature Review
The capacity of high-intensity activities, such as the back squat and plyometrics, to elicit a post-activation performance enhancement (PAPE) effect has been observed across various athletic tasks. While both modalities present as potential strategies to acutely improve subsequent performance, the manifestation of PAPE including its presence, magnitude, and duration is far from a definite outcome. The efficacy of the back squat and plyometrics in potentiating anaerobic performance appears to be affected by many complex and interconnected factors. This variability is relevant when considering explosive, high-velocity movements like sprinting, where even subtle enhancements in force production and rate of force development can yield significant improvements in performance. Therefore, understanding how different training variables within back squat and plyometric protocols influence the PAPE response in the context of sprinting is important to optimise the chance of its elicitation. This literature review explores the following themes: Resistance Exercises and PAPE in Sprint Performance, Plyometric Exercises and PAPE in Sprint Performance, Variability in PAPE Responses, and Practical Applications for Sprinting.
Resistance Exercises and PAPE in Sprint Performance
Many existing studies investigating PAPE utilize low-volume, high-intensity resistance exercises such as squats, hip thrusts, and deadlifts to elicit a PAPE effect. For example, Akgül et al. (2024) found that a single set of back squats at 85% of one-repetition maximum (1RM) improved repeated sprint performance in trained athletes. The heavy load (75–95% 1RM) used in such protocols is thought to maximally recruit high-threshold motor units, thereby enhancing subsequent explosive performance (Suchomel et al., 2016). Similarly, Piper et al., (2020) reported that heavy back squats improved 20m sprint times in well-trained athletes, with optimal PAPE effects observed 4–8 minutes post-preload. However, the efficacy of resistance exercises can vary. Chen et al. (2024) found that a single set at 3RM was too fatiguing for recreational athletes, resulting in no improvement in jump height, suggesting that high-intensity resistance protocols may not universally elicit PAPE, particularly in less-trained populations. This highlights the importance of tailoring resistance exercise protocols to the athlete’s training status and the specific demands of sprint acceleration, where rapid force production is critical.

Plyometric Exercises and PAPE in Sprint Performance
Plyometric exercises, such as bounding, can offer a sprint-specific alternative to resistance exercises for eliciting PAPE. Plyometrics involve rapid stretch-shortening cycle (SSC) movements that mimic the biomechanical demands of sprinting, potentially making them more practical for pre-competition settings where resistance equipment may be unavailable (Turner et al., 2015). Turner et al. (2015) demonstrated that a bounding protocol improved 20m sprint performance in plyometric-trained men, likely due to enhanced neuromuscular activation and SSC efficiency. The specificity of plyometric movements to sprinting may enhance the transfer of PAPE effects, as they replicate the high-velocity, explosive actions required during sprint acceleration (Zhang et al., 2025). However, limited research exists on plyometric-induced PAPE in non-plyometric-trained recreational athletes. This gap is significant, as recreational athletes may not possess the same neuromuscular adaptations as trained individuals, potentially affecting the magnitude of PAPE. Exploring whether bounding can elicit PAPE in this population could broaden the applicability of plyometric protocols, offering a practical and accessible method to enhance sprint performance (Piper et al., 2020).

Variability in PAPE Responses
The manifestation of PAPE is highly variable, influenced by factors such as training status, preload intensity, volume, rest intervals, and individual characteristics. For instance, trained athletes with greater strength levels may exhibit a more pronounced PAPE effect due to their ability to tolerate higher-intensity preload stimuli without excessive fatigue (Piper et al., 2020; Iacono & Seitz, 2018). Conversely, recreational athletes, as studied by Chen et al. (2024), may experience fatigue rather than potentiation when exposed to high-intensity protocols like 3RM back squats. Rest intervals also play a critical role, with studies suggesting that 4–12 minutes post-preload is optimal for PAPE expression in sprint tasks (Ltifi et al., 2023; Karteges et al., 2019). Additionally, individual factors such as muscle fibre type distribution and neuromuscular efficiency can influence PAPE outcomes (Tillin & Bishop, 2009). For example, athletes with a higher proportion of type II muscle fibres may exhibit greater PAPE due to their enhanced capacity for rapid force production. This variability underscores the need for individualized protocols to optimize PAPE for sprint acceleration, particularly when comparing resistance and plyometric modalities in diverse populations.

Practical Applications for Sprinting
The practical application of PAPE for sprint performance hinges on its accessibility and effectiveness in real-world settings. Resistance exercises, while effective, require access to equipment and may not be feasible in pre-competition environments (Holmberg et al., 2024). Plyometric exercises like bounding, however, are more practical, as they require minimal equipment and can be performed on the field or track. Turner et al. (2015) highlighted the potential of bounding as a warm-up strategy to enhance sprint performance, particularly in trained athletes. Extending this research to non-plyometric-trained recreational athletes, as proposed in the current study, could provide valuable insights into the universal applicability of plyometric-induced PAPE. Furthermore, optimizing protocol variables—such as the number of bounding repetitions, rest intervals, and timing relative to sprint performance—is critical for practical implementation. For instance, a low-volume, high-intensity plyometric protocol with a 4–8-minute rest period may maximize PAPE while minimizing fatigue, making it a viable strategy for coaches and athletes aiming to enhance sprint acceleration in competitive settings (Sari et al., 2022).
             The literature suggests that both resistance and plyometric exercises can elicit PAPE to enhance sprint acceleration performance, but their efficacy depends on multiple factors, including training status, protocol design, and individual variability. Resistance exercises, such as heavy back squats, are effective in trained athletes but may induce fatigue in recreational populations (Akgül et al., 2024; Chen et al., 2024). Plyometric exercises like bounding offer a practical, sprint-specific alternative, with evidence supporting their efficacy in trained individuals (Turner et al., 2015). However, further research is needed to determine whether non-plyometric-trained recreational athletes can benefit from plyometric-induced PAPE, as proposed in the current study. By understanding the mechanisms, optimizing protocols, and addressing variability, coaches and athletes can better harness PAPE to enhance sprint performance. This study may fill a gap by exploring plyometric-induced PAPE in a less-trained population, offering practical insights for improving sprint acceleration in diverse athletic contexts.          

Aims
This study assessed if leg-bounding or back squat induced a post-activation performance enhancement (PAPE) effect in 20m sprint performance in recreational athletes. The primary aim is to identify if plyometric or resistance training (RT) better induces PAPE prior to subsequent sprinting acceleration to improve the activity’s performance and evaluate if it’s worth utilizing for athletes. Specifically, the study compares a plyometric protocol (leg-bounding) with a resistance exercise (back squat at 4RM) to determine their effectiveness in eliciting PAPE in non-plyometric-trained recreational athletes. The hypothesis is that neither intervention will improve sprint acceleration performance in this population, potentially due to insufficient training status to mitigate fatigue from high-intensity preload stimuli. If leg-bounding proves effective, the findings could suggest it as a more practical and accessible method for recreational athletes to induce PAPE in sprinting, compared with commonly used heavy resistance exercises, particularly in pre-competition settings where equipment access is limited. The study will also examine protocol variables, such as rest intervals (4–8 minutes) and preload volume, to optimize PAPE outcomes. These findings aim to inform practical warm-up strategies for enhancing sprint acceleration in recreational athletes.



Methods

Experimental Design – A randomised, cross-over, two-period experimental design was implemented for this study on university students at UWTSD Carmarthen. Two groups of subjects visited the campus 3G training field and S&C facility on two separate occasions, separated by 7 days. Each subject underwent protocols administered by the same researcher on both visits. During the first visit, the subjects underwent basic descriptive anthropometric measures via height and weight measurement. During visit 1, both groups performed one of the two pre-sprint PAP protocols, (1) plyometric-based bounding (PLYO) (standard sprint-specific warm-up then PAP activity, then sprints), or (2) Back-Squat (BS) (standard sprint-specific warm-up then PAP activity, then sprints). During visit 2, each group received the alternate treatment, the groups’ separate sequencing of interventions aimed to counteract order effects that could have influenced results. The order of treatment was randomised via computer software (GIGACalculator.com) and counterbalanced. Prior to the interventions, subjects performed two baseline 20m sprint trials, with the best time regarded as the pre-intervention sprint time. Following the PLYO and BS treatments, subjects performed 2 trials of a 20m sprint on a 3G training pitch. Laser timing gates were placed at the 0m and 20m marks. The best trial from the 1st and 2nd sprints were selected as the test result. The 20m distance for assessment was selected for the following reasons: (1) Lack of 100m space to sprint on, (2) subjects were not track athletes and unaccustomed to sprinting longer distances than common in popular team sports, (3) the 20m-30m sprint test is a distance commonly run in intermittent team sports during matches and testing, (4) subjects were required to perform 2 consecutive sprint trials, therefore a 20m distance was selected to minimise the effect of fatigue on results. Subjects were asked to refrain from intense exercise 48hr preceding the day of each visit. Dietary intake was not recorded between visits.
Visit 1 – Intervention

3x15m Alternate Leg Bounding (1min rest between sets) OR 4RM Back Squat > 4min rest


		Standard Warm-Up (Protocol in Figure 2)

Light Jog
Dynamic Stretching
Dynamic Drills
Submaximal Warm-Up Sprints

X2 20m sprint
X2 20m sprint

Visit 2 – Intervention

3x15m Alternate Leg Bounding (1min rest between sets) OR 4RM Back Squat > 4min rest




Figure 1. Schematic of Experimental Protocol


Participants – With university ethical approval and informed consent, the current study recruited 15 participants of 12 male and 3 female (age: 22.7 ± 4 years; mass: 77 ± 17.8 kg; height: 1.74 ± 0.08 m; 1RM Back Squat 108.72 ± 41kg; 1.57. kg.bw) via convenience sampling. The group were students studying health-related courses at the University of Wales Trinity Saint David in Carmarthen. Of the initial 15, there were 4 dropouts due to injuries sustained during testing, leaving 11 eligible for data collection. Participants were currently participating in sport or be resistance trained for at least 2 years to ensure general athletic competency. Students were recruited via email, social media, word of mouth, and by asking contributors face-to-face if they wished to take part. Students were accepted on to the study after signed consent and successful completion of the pre participation health questionnaire, subjects with any severe condition or injury in the previous 6 months did not meet the inclusion criteria. Any participants who failed to sign the consent or fail the pre participation health questionnaire were excluded from the study. Upon inclusion, subjects’ anthropometric measurements of height and weight were taken.






 1. Dynamic Warm-up
(a) 2min light jog
(b) 60s forward arm swings
(c) 60s backward arm swings
(d) Forward to backward leg swings (30s each leg)
(e) Lateral leg swings (30s each leg)
(f) Walking lunge + trunk twist 1x15m
(g) Rotating bodyweight squats 1x15m

2. Dynamic Drills
(a) High knees 1x10m
(b) Butt kicks 1x10m
(c) Fast high knees 1x10

3. Warm-up Sprints
(a) 3 submaximal sprints, building up intensity each sprint, (Building from light to near-maximal intensity).

Figure 2. Description of Standardised Warm-up Protocol

Equipment - ‘Light Gates’ by Brower Timing System were used to time the 20m sprints, as some literature agrees that there’s room for human error when using a stopwatch to measure a time under 10 seconds (Healy et al., 2016). The distance was measured using a Vermont Sports Open Reel Tape Measure (100m).

Test Location - All sprint tests were conducted on the university’s outdoor 3G sports pitch to allow sufficient space for a 20m sprint. To ensure the participants’ safety when finishing the sprint, 2 gymnasium crash mats were placed against the wall, 15 metres after the last light gate. Two first aid trained members of university staff were present at the testing to address any physical injury.

Procedures - Participants attended 2 experimental sessions, during which, they performed 3 sets of 10 reps of alternate-leg bounding, before a 20m sprint acceleration test. Additionally, a certified Strength and Conditioning Specialist at the university instructed participants regarding their bounding technique; specifically, highlighting minimization of foot contact time and maximization of horizontal rather than vertical propulsion.
       During the testing, participants reported to the university sport centre having refrained from alcohol and strenuous exercise for 48 hours. Subjects completed a standardized warm-up modified from Turner et al., (2015) consisting of jogging (∼3 minutes), a series of dynamic stretches emphasizing stretching of the musculature involved in the subsequent sprinting (∼10 minutes), before progressively increasing the intensity of 20m sprinting to near-maximal speeds (∼4 minutes). After an active recovery (∼2 minutes), participants completed a baseline sprint, then were instructed to exert maximal effort throughout the entire 20m. Seven days later, the subjects returned to repeat the procedures mentioned above but with the addition of the intervention prior to the 20m sprint test.

Ethical Considerations – The current study ensured completion of PAR-Q’s and informed consent forms before participation. Sufficient time was allowed for each participant to warm-up, aiming to minimise injury risk, with simple movements implemented to address all competency levels. All participants’ data will be confidential e.g. unnamed, additionally, each participant was assigned a number to further ensure confidentiality.
Furthermore, all data collected was password protected on a personal computer in a locked drawer at the university. 

Statistical Analyses - Relationships between sprint improvements and baseline sprint performance were examined using paired sample t-tests correlation coefficients. Correlations were performed between each participant's baseline sprint velocity in the control test and the change in 20m sprint velocity in both the plyometric and squat groups. Following data collection, it was logged onto a Microsoft excel spreadsheet for analysis. Participants were numbered (e.g. Participant 1, etc.) and all demographic characteristics were included as variables. Data was analysed using SPSS software (version 29.0; IBM Corp) after being exported from Excel. 


Results

Tables 1 and 2 provide mean data for sprint times and effect sizes pre and post intervention for both plyo and squat intervention groups. Sprint time did not differ significantly between Pre vs. Post PLYO at 20m (p=0.49, Cohen’s d=-0.106). There was no significant difference in 20m sprint times between Pre-SQUAT vs. Post-SQUAT (p=0.73) Table 3 provides mean data for sprint times and effect sizes for Pre-PLYO vs. Pre-SQUAT groups. Sprint times were moderately slower in the Pre-SQUAT condition, although not significant (p=0.5). 


	Subjects
	Pre-PLYO (s)
	POST-PLYO (s)
	Diff score (s)
	95% CI
	p-value
	Cohen’s d

	Overall N=11
	3.34±0.4
	3.33±0.4
	+0.05±+0.05
	-0.02+0.05
	0.49
	-0.106


Table 1. Mean twenty-meter sprint test times between both experimental groups Pre vs. Post Plyo treatments


	Subjects
	Pre-Squat (s)
	Post-Squat (s)
	Diff score (s)
	95% CI
	p-value

	Overall N=11
	3.39±0.32
	3.40±0.32
	+0.01±0.06
	0.05+0.03
	0.73


Table 2. Mean twenty-meter sprint test times between both experimental groups Pre vs. Post Squat treatments.


	Subjects
	Pre-PLYO (s)
	Pre-Squat (s)
	Diff score (s)
	95% CI
	p-value

	Overall N=11
	3.34±0.4
	3.39±0.32
	+0.05±0.24
	0.21+0.11
	0.5


Table 3. Mean twenty-meter sprint test times between both experimental groups Pre-Plyo vs. Pre-Squat treatments
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Figure 3. Mean ± SD 20m Sprint Times for Pre-PLYO and Pre-Squat Conditions.



Discussion

In support of our null hypotheses, we have demonstrated that both a plyometric exercise performed with 3x10 bounds and back squat at 1x4RM do not enhance sprint acceleration performance in recreational athletes. This study demonstrated no improvement in mean 20m sprint times in PLYO and SQUAT conditions following the preload stimulus. Although it appears that alternate leg bounding and back squats do not induce a PAPE response, the effects may differ according to an individual’s training experience in the performed activities, volume of activities, and experimental design of the study.
       The current study found minor differences in pre-plyo condition vs. pre-squat condition (Table 3 and Figure 3). Although non-significant, this comparison showed a larger difference in mean sprint time compared to pre-plyo vs. post-plyo and pre-squat vs. post-squat (+0.05s). This could be due to the current study recruiting participants via convenience sampling. For instance, participants for Ltifi et al., (2023), Suchomel et al., (2016), Brink et al., (2022), Nickerson et al., (2018), Pereria et al., (2022), all had consistent pre-intervention times across various conditions in 20m-30m sprints when using sprint-accustomed athletes regardless of age or resistance training experience. This may be due to their established sprinting technique; therefore, the current study’s findings may have been affected by using non-sprint-trained subjects (Rumini et al., 2024).
        Other aspects of subjects’ training status may affect the likelihood of eliciting PAPE in sprinting and jumping activities. For instance, the current study found no significant difference in sprint times pre vs. post intervention in either PLYO or SQUAT condition (Table 1 and 2). In comparison, Turner et al., (2015) used a similar warm-up, same volume of alternate leg-bounding, 20m sprints, same mean age participants, the same rest period between intervention and sprint test, yet their plyo group improved sprint times post-intervention. This may have been due to their study’s inclusion criteria. Although not competitive sprinters, participants were required to have at least 5 years experience in resistance, plyometric and sprint training.
Relating to this, individuals without chronic exposure to plyometrics or sprinting may not successfully utilise the stretch-shortening cycle due to a combination of neuromuscular and coordination limitations. This can appear as prolonged ground contact times, slower rate of force development, less muscle stiffness, and an inability for muscle spindles to quickly detect a rapid stretch to reflexively contract (Turner and Jeffreys, 2010; Komi, 2000). This would explain why the subjects may not have experienced any performance enhancement from plyometrics.
         Interestingly, the results show the effect size was larger in the faster athletes of the group. Similarly, Tomlinson et al., (2020) found the faster athletes in their group experienced PAPE, whereas the remaining subjects did not. Likewise, Suchomel et al., (2016) found in their review that most findings with a PAPE effect are in subjects that compete in collegiate-international sport, with a correlation between their heavier 1RM back-squat and greater improvement post-intervention in jump height and peak power. This may also suggest that the likelihood of experiencing PAPE may favour those with greater force outputs.
        Stronger athletes may be more likely to experience a PAPE effect following an intense activity. The current study’s estimated mean 1RM calculated from mean 4RM values is 1.57kg.bw and found back-squat to provide no improvement for 20m sprint performance at 4min post-intervention (Table 2). Similarly, Nickerson et al., (2018) found little to no PAPE effect for NCAA D2 athletes when their relative mean 1RM for back squat was 1.4kg.bw. However, Piper et al., (2020) found significant faster 20m sprint times 4min post back squat, the subjects mean 1RM was 1.92kg.bw. Likewise, Brink et al., (2022) used alternate leg bounding as an intervention, performed 20m sprints, and had faster sprint times post intervention, interestingly, the group’s mean 1RM back-squat taken in familiarisation testing, as 1.85kg.bw. This suggests these studies’ contrast in findings may be due to the subjects’ ability to produce greater relative force compared to the group of the current study, supporting the findings of Miyamoto et al., (2013) and Suchomel et al., (2016) that suggested a strong correlation between PAPE and stronger and more powerful athletes.
       Due to the current study’s individual differences in strength levels, perhaps a tailored squat as an intervention would have produced different results. For instance, Yuan et al., (2023) investigated which velocity threshold maximised a PAPE effect in the back squat, testing this on peak power and jump height. Their study found that a 5% velocity threshold significantly improved jump height and peak power. Concerning this, their subjects’ mean absolute 1RM for back squat was 144kg, whereas the half the current study’s group squatted this weight or more for their 4RM and still found no significant difference in sprint acceleration performance. This may be attributed to the velocity-based prescription for the back squat maybe keeping their athletes fresh for the subsequent tests. Additionally, Li et al., (2024) compared the effects of traditional 1RM prescribed back squat with back squat with sets terminated at velocity thresholds (10% and 20%), and their effects on 20m sprint performance at 4 min post-intervention. Squats were performed for 2x6 in the 1RM condition, and in the velocity group, 2x6 or terminated at thresholds of a load also at 85% 1RM. Their study found that velocity threshold squats produced a greater PAPE effect than the 1RM condition. Hence, it’s possible that terminating the sets prior to neuromuscular fatigue may have kept participants fresh, helping to elicit a PAPE effect (Włodarczyk et al., 2021). Future research could also investigate if the acute training variables targeting higher rate of force development (RFD) may be more effective than variables targeting absolute force output in producing PAPE, potentially explaining why the additional sprints and jumps in similar studies caused their control groups to improve without an intervention (Akgül et al., 2024; Piper et al., 2020; Similarly, Gil et al., 2019; Brink et al., 2022).
        Resistance Training (RT) experience may have affected the current study’s findings. The current study found 1x4RM had no effect at 4min post-squat in university students (2yr RT experience). Similarly, Chen et al., (2024) had university students (1yr RT experience) perform a 1x3RM back squat, having no effect in peak power or jump height at 4min, 8min, 12min, 16min, or 20min post-squat.  Conversely, Yuan et al, (2023) included subjects with 6yr RT experience and found that a back squat significantly improved jump height. However, this may be difficult if recruiting via recreational athletes, therefore a better solution may be weighted sprints with an individualised load for each subject. For example, Zisi et al., (2022) found that junior sprinters (17yo) with no RT experience significantly improved 30m sprint performance. This suggests that resisted sprints may be a more optimal intervention to elicit PAPE, in those with less plyometrics and resistance training.
       An inclusion criteria of greater RT experience may have produced different results. Regarding this, 5 of the 11 participants in our study showed difficulty when performing barbell back-squats during warm-up and working sets. This may have caused the subjects to either not recruit enough motor units to experience PAPE (Blazevich and Babault, 2019) or perform too much work physiologically to recover within 4min for the subsequent sprints. Additionally, 15 subjects were initially recruited, however 4 sustained injuries during the experimental sessions. Concerning this, Suchomel et al., (2016) concluded that individuals weaker and less RT experienced than average tend to experience more injuries during performance. This may also suggest that part of current study’s sample group was not adequately experienced enough, potentially effecting their ability to induce PAPE from a back squat. Concerning this, greater RT experience can improve one’s ability to resist neuromuscular fatigue, mitigating negative effect on subsequent performance (Miyamoto et al., 2013). However, the remaining subjects with sufficient RT experience in this study didn’t improve either. This may be due to a lack of sprinting experience or familiarisation with the test activities.	Comment by Cameron James (2220841): Where can this paragraph go (cohesion)? Somewhere where RT experience is mentioned.
       The volume of activities may influence the likelihood of a PAPE effect. The current study found no significant change in 2x20 sprint times in either condition 4min post-intervention, whilst studies that did performed more sprints/jumps in their intervention. For instance, Akgül et al., (2024) had their athletes perform 1x3RM back squat, and 6 sprints beginning at 4min post intervention, and found a PAPE effect. However, the subjects sprint times were indifferent relative to baseline during sprints 1-5, finally improving on the 6th and final sprint. This may have been due to more volume being needed to experience PAPE, perhaps the current study would have found a PAPE effect if it included more sprints or more sets in the back squat intervention. Similarly, Piper et al., (2020) found the back squat improved 20m sprint time and counter movement jump (CMJ) height after 4min in RT trained subjects. However, all conditions including the control group experienced PAPE. This could be due to the subjects performing 3x5RM back squat whereas the current study performed 1x4RM, following this, they performed a CMJ and 20m sprint at baseline, 20s, and 4min post intervention. This results in significantly more sprints, back squats, and CMJ’s than the current study. Regarding this, they recorded the 20m sprint and CMJ again at 8min, 12min, 16min, and 20min post-intervention and continued to show improved times relative to baseline. Notably, the control group also improved at all measured sprint times and jump heights relative to baseline sprint and jump, therefore it’s possible that the testing activities alone are causing a PAPE effect, making it difficult to solely attribute the PAPE to the intervention activity (back squat). Similarly, Gil et al., (2019) investigated the effects of depth jumps on 100m sprint performance in sport science students and found an improvement in performance. Interestingly, the control condition that rested between tests also got faster, meaning the subjects improved their 100m sprint time regardless of intervention. Likewise, Brink et al., (2022) had subjects perform 20m sprints before and after 3 different interventions, weighted alternate-leg bounding, x2 20m sprints, or a control condition that rested. The 20m sprints were tested again at 2min, and 6min post intervention. Results showed all groups experienced PAPE at 6min, with most improvements found in the sprint and control groups, suggesting that additional sprints alone may be enough to elicit PAPE regardless of intervention. This supports Piper et al.’s (2020) findings that PAPE may be elicited due to increased volume during preceding activities regardless of intervention.
         A limitation of this study is the lack of familiarisation sessions, which likely affected results. Although the participants were relatively experienced in resistance training, they were not accustomed to plyometric training or sprinting. Each of the studies mentioned above that found a PAPE effect improving performance included 2-4 familiarisation sessions, in which the subjects became accustomed both intervention and sprints. Had the current study included 4 familiarisation sessions, perhaps it would have provided sufficient opportunity to improve back squat performance, potentially influencing the PAPE effect post-stimulus.
          Additionally, a larger sample group may have produced different results post-intervention. The current study concluded with data recorded for 11 participants, however, the mean sample size for the studies mentioned previously was 24. Regarding the small sample size of this study, the results are also subject to being inconclusive due to the lack of a control condition. For instance, the studies showed that control groups improved when they performed no intervention, either walking or passively resting, which mitigated the attribution of PAPE solely to interventions (Brink et al., 2022; Piper et al.’s 2020; Gil et al., 2019). Future research replicating this study may use additional sprints as an intervention, or a resting control condition, which may produce a PAPE effect in these subjects if given more rest.  
         A key limitation is the lack of familiarization sessions, which likely impacted results. Unlike studies with 2–4 familiarization sessions (e.g., Turner et al., 2015; Piper et al., 2020), our participants were not accustomed to plyometrics or sprinting, despite some RT experience. This may have hindered their ability to optimise back squat or bounding performance, reducing likelihood of PAPE. The small sample size (n=11) also limits generalizability, as prior studies averaged 24 participants. The absence of a control condition further complicates attribution of PAPE effects, as control groups in other studies improved without interventions (Brink et al., 2022; Gil et al., 2019). The inclusion of a control condition performing no intervention or another 2 sprints may provide different findings e.g. if sprints alone can elicit PAPE as found suggested by the results of Gil et al., (2019) and Brink et al., (2022).  Additionally, the 4-minute rest period may not have been optimal for all participants, as individual recovery rates vary (Seitz & Haff, 2016). Future research should incorporate familiarization sessions, a larger sample, a control group, and varied rest intervals to better assess PAPE in recreational athletes.


Conclusion
The current study found no PAPE effect from 3x10 leg-bounding or 1x4RM back squats on 20m sprint performance in recreational athletes, supporting a null hypothesis. The lack of sprinting and plyometric experience, limited RT proficiency, and low intervention volume likely contributed to these findings. Stronger, more experienced athletes may be better positioned to elicit PAPE, as evidenced by prior studies. Future research should explore velocity-based protocols, increased sprint volumes, and familiarisation to enhance PAPE responsiveness in this population.
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