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WHAT ARE THE EFFECTS OF POST ACTIVATION POTENTIATION
ON LOWER LIMB STRENGTH AND POWER IN WELL TRAINED INDIVIDUALS?

1.0. ABSTRACT

Post-Activation Potentiation (PAP) is a neuromuscular phenomenon that enhances muscle force output following a conditioning exercise. This study aims to investigate the acute and longer-term effects of PAP on lower limb strength and power in resistance-trained individuals over a four-week period. Specifically, it evaluates the impact of a vertical jump (VJ) on subsequent performance in a heavy resistance exercise (Leg Press) and a six-second peak power test on a Wattbike. A total of 16 male participants (mean age: 28.0 ± 8.0 years) with at least two years of resistance training experience were selected using a convenience sampling method. Participants were divided into an intervention group and a control group. Baseline strength and power measurements were recorded, followed by a four-week intervention period where PAP inducing activities were performed before the Leg Press and Wattbike power test. Data was analysed using paired sample t-tests and independent t-tests to assess the effects of PAP on strength and power performance. Results revealed that PAP significantly improved strength performance, as indicated by an increase in repetitions performed at 85% of 1RM in the intervention group (t = -5.000, p = 0.002, d = 1.77). However, while power output increased within both the intervention and control groups, no significant difference was found between them (t = -1.045, p = 0.314, d = 0.16), suggesting that PAP may have a more significant effect on strength than power. These findings support PAP as an effective strategy for enhancing lower limb strength in resistance-trained individuals. Strength and conditioning (S&C) coaches, as well as rehabilitators, may incorporate PAP into training regimens to optimise performance in maximal strength exercises. However, the inconsistent effects on power highlight the need for further research into optimising PAP protocols, including variations in rest intervals, exercise selection, and training volume. Additionally, future studies should explore the long-term effects of PAP and its potential applications in musculoskeletal (MSK) rehabilitation.













2.0 INTRODUCTION

In many of today’s sporting environments, athletes of all levels aim to achieve optimal performance levels both in a short-term manner and a longer term. This has led to a pursuit of techniques that can lead to performance enhancement that are relevant to their sporting activity. One of these techniques is PAP, which as research has previously shown, can result in enhanced performance. It is a method now widely used by S&C coaches in various sports to facilitate improvements (Prieske et al,. 2020). Furthermore, there appears to relative benefits of PAP to Rehabilitators and Sports Therapists, especially in the final stages of recovery when the focus transitions toward preparing the athlete for a safe return to sport and optimising their performance abilities (Lorenz, 2011). Regarding its physiological effects, PAP is a well-established technique that boosts muscle force production, the effect is attributed to an increased myosin light chain phosphorylation in type II muscle fibers and measured by assessing muscle twitch force following a period of muscular activity (Blazevich and Babault, 2019). Additionally, myosin light chain kinase facilitates the availability of additional ATP at the actin-myosin complex, which subsequently speeds up the formation of actin-myosin cross-bridges and improves the performance of explosive movements (Xenofondos et al., 2010). Furthermore, there may be neural adaptations responsible for performance improvement during PAP (Wallace et al., 2019), however Bergmann et al, (2013) appear to contradict this. This research confirmed that the neural component does not make a significant contribution to performance improvement. 
To perform PAP, brief, high-intensity strength, or power exercises are completed a few minutes before the primary activity to boost performance (Borba et al., 2017). However, it should be noted that certain mechanisms can influence whether these techniques can increase or decrease muscle strength and power. For example, the rest duration between exercises may help determine if the conditioning exercise has a positive effect (Masel and Maciejczyk, 2023). Another factor that influences the effectiveness of PAP is fatigue, therefore an adequate rest period before

executing a subsequent explosive movement may be required (Rassier and Macintosh, 2019). Training age, experience and status are additional factors that may influence the training response of PAP (Kilduff et al., 2007), as it was noted in the same study that recreationally trained individuals with less experience demonstrated a 1–4% decrease in performance following the conditioning activity.
Added to the short-term benefits of PAP, there may be an additional long-term benefit to performing this technique, so PAP could be applied during resistance training to enhance total work output, potentially leading to greater long-term gains (Alves et al., 2021). Further studies indicate that a potentiation effect occurs when a minimum intensity level is reached, and sufficient rest is given during the intervention (Garbisu-Hualde and Santos-Concejero, 2021). This in turn can influence and improve lower limb strength and power for athletes, which is important in sports such as football (Altieri et al., 2021), rugby (Stone et al., 2024), track and field (Ngo and Kazmi, 2024), basketball (Cao et al., 2024), swimming (Morouco, 2012), cycling (Herrero-Molleda, 2024), ice hockey (Chiarlitti, 2021) and volleyball (Keoliya, 2024). Many participants of these sports will use PAP as part of their pre-competition or warm up for training routines (Liu, Niu and Zhou, 2024). 
Studies often utilise a range of methodologies, including resistance exercises (like barbell squats, barbell hip thrusts, and barbell hang cleans), plyometric exercises (such as depth jumps, hurdle hops, and ankle jumps), and hybrid approaches that combine resistance exercises with either plyometric or sprint exercises (Krzysztofik et al., 2021). One study observed a marked improvement in subsequent countermovement jump (CMJ) performance among rugby players after completing a plyometric exercise routine (Tobin and Delahunt, 2014), while it has been found that pre-competition plyometric exercises can enhance subsequent sprint performance in athletes from both track and field, as well as hockey (Sener, Sozbir and Karli, 2021). However,

much of the literature contradicts this research, as Lim et al, (2013) discovered that three different squat exercise variations did not result in significant improvements in the 30-meter sprint performance of elite athletes. This was supported by Iacono et al, (2016) who found no significant improvement in jumping ability in team sport athletes after performing plyometric exercises. In conclusion, much of the research suggests that the effects of PAP are largely positive, this study will explore these in an acute adaptation and over a four-week period. 











3.0. LITERATURE REVIEW

3.1 Physiological Effects of Post Activation Potentiation
PAP is a well-established performance enhancing technique with a brief half-life of approximately 28 seconds, which boosts muscle force output even when calcium saturation and muscle activation is below maximum levels (Blazevich and Babault, 2019). It has also been described as activity dependent potentiation, which refers to an increase in muscle isometric twitch response and low frequency force following a preceding conditioning activity (Sale, 2004). The improvement in whole-body explosive muscular performance after heavy resistance exercise is frequently attributed to neuromuscular adjustments thought to represent PAP effects (Thomas et al., 2017). Furthermore, additional effects may include the recruitment of additional motor units, enhanced coordination within muscles, and improved intramuscular coordination. Additionally, changes in muscle metabolism driven by factors like increased local muscle temperature or shifts in tissue fluids affect muscle contraction mechanics (Kasicki et al., 2024). Also, another mechanism driving PAP may involve faster muscle fiber conduction velocity, and enhanced muscle-tendon stiffness. Together, these factors lead to a temporary boost in muscle force output after a high-intensity conditioning exercise (Kasicki et al., 2024). This study was a Systematic Review of eight separate studies, involving 224 participants with experience in resistance training from sporting backgrounds such as Basketball, Handball and Volleyball. However, not all research concludes that the effects of PAP are necessarily beneficial. Zero et al, (2021) found that after PAP, the rate at which motor units are activated tends to decrease. This means that, despite the temporary increase in muscle force output observed with PAP, the frequency at which these units fire is reduced. This reduced rate might reflect a protective 8mechanism to prevent overstimulation of the muscles following intense activity. 

3.2 Leg Strength, Power and PAP
Leg Strength is the ability of the leg muscles to generate maximum force during a contraction. It is often assessed through exercises such as leg presses or squats, focusing on the heaviest weight that can be lifted, whereas Leg Power, by contrast, is the ability to produce force rapidly, blending both strength and speed. It is often evaluated through activities involving explosive movements, like jumping or sprinting. Calculated as the product of force and velocity, leg power is essential for tasks that demand quick force generation (Bean et al., 2003). These qualities are important in a sporting context, as enhancing muscular strength positively impacts the rate of force development (RFD) and power, both of which are essential for better performance in jumping, sprinting, and changing direction (Maestroni et al., 2020). Furthermore, a study by Uematsu et al, (2014) identified a significant link between training induced gains in leg muscle strength and enhanced gait speed, an essential factor in many sports. With regards to the importance of leg power to athletic performance, it was found that power training via plyometric intervention produced improvements that were observed in maximal dynamic strength, linear sprint speed, horizontal jump performance, reactive strength index, and sport-specific skills, such as soccer ball kicking and dribbling speed (Ramirez-Campillo et al., 2023). These qualities can also demonstrate the disparity between elite level athletes, and amateur level competitors (Asimakidis et al., 2024). The study showed that elite soccer players demonstrate significantly greater power levels, which are vital for explosive actions that are essential for top-level performance and are typically less developed in amateur athletes. It is widely recognised that resistance training modalities using exercises such as squats, deadlifts and leg press promote strength improvements (Schoenfeld et al., 2021). These improvements are often achieved by completing 1 to 5 repetitions per set at 80% to 100% of one-repetition maximum (1RM). Alternatively, exercises that are often executed to improve lower limb power are plyometric movements such as depth jumps, vertical jumps and bounding (Atakan et al., 2021). In contrast to strength enhancement, a systematic review and meta-analysis by Androulakis-Korakakis et al., (2020) examined the ideal repetition range and %1RM for power training. The findings indicate that performing 3 to 5 reps per set at 30% to 60% of 1RM is most effective for enhancing power

development. However, training methods can be manipulated to achieve both adaptations during training programs. Incorporating both endurance and resistance exercises within a periodised training program can enhance athletic performance by improving aerobic fitness, muscle strength, and power (Fyfe et al., 2014). Research supports the concept that PAP can improve the qualities of strength and power. A systematic review by Garbisu-Hualde, A. and Santos-Concejero, J., (2021) state that if a certain minimum intensity is achieved and adequate recovery time is allowed, a potentiation effect can enhance strength performance. Moreover, the effects of PAP on explosive strength and power in elite athletes were investigated by Trybulski et al., (2022) and found both VJ height and sprint performance showed notable enhancements after implementing PAP protocols.

3.3 Different forms of potentiation
In addition to PAP, there are two further methods of potentiation. Staircase Potentiation (SP) also referred to as the Treppe effect, this type of potentiation arises when a muscle is exposed to repeated, low-frequency electrical stimulations, leading to a gradual increase in its contractile response. SP refers to the gradual enhancement of isometric twitch force in skeletal muscle during low-frequency stimulation, a phenomenon shaped by several factors, such as the type of muscle fibers, the species involved, and the ambient temperature (MacIntosh, Smith and Rassier, 2008). However, as this study was conducted on rat samples, this may not have relevance to human samples, while the study focuses largely on the acute effects of SP. SP was also described as repetitive stimulation of fast-twitch skeletal muscle at low frequencies (below 10 Hz), which 


leads to a gradual, step-by-step increase in twitch force until it reaches a new maximum level (Smith et al 2014). Post-Tetanic Potentiation (PTP) is triggered by administering a short burst of high-frequency electrical stimulation, which enhances the muscle's contractility (Blazevich and Babault, 2019). These types of potentiation are vital for understanding how muscles can be prepared for improved performance through specific conditioning exercises. Including PTP in warm-up routines can prepare muscles for explosive movements by boosting muscle force output, making it especially advantageous for activities requiring rapid and powerful motions (Davis et al., 2021). While this study may contribute to research on PTP, further research with larger samples and long-term evaluations would enhance the liability of its findings. 

3.4. Exercises utilised in PAP
PAP involves completing two sequential exercises: first, a maximal or near-maximal effort known as the conditioning activity (CA), followed by a similar movement designed to emphasise rapid force or power production (Robbins, 2005). One study examining how Complex Training (CT) improvements on PAP utilised VJ prior to one of five different methods such as resistance training with half squats, plyometric exercises involving drop jumps, whole-body vibration using squats performed on a vibration platform, and CT that combined resistance exercises with plyometric movements (Chen et al., 2017). A further study examining the effects of PAP on freestyle sprint performance observed the subjects performing a 30-second maximum effort of the following exercises, push-ups, targeting the upper body, squats, focusing on the lower body, and burpees, engaging both the upper and lower body (Abbes et al., 2018). Consequently, jumps incorporating additional resistance, such as depth jumps or weighted jumps, seem to be the most effective exercises for eliciting PAP (Maloney, Turner and Fletcher, 2014). 


3.5. Rest Periods
Recent research has investigated the ideal rest intervals for PAP to improve performance in resistance activities. One study found that a 12-minute rest after a conditioning exercise was most effective for enhancing performance in activities like countermovement jumps, agility, and linear speed. Performance was notably better at the 12-minute mark compared to shorter rest periods of 4 and 8 minutes, indicating that longer recovery times may lead to improved performance (Ishak et al., 2023). Another study emphasised the need for personalised recovery times, as optimal rest intervals depend on the athlete's training experience. It found that a 6-minute individualised recovery period was effective in triggering PAP in well-trained athletes (Golas et al., 2016). A systematic review and meta-analysis on PAP in the bench press throw highlighted the significance of rest intervals. It revealed that moderate rest periods (5-7 minutes) produced a stronger PAP effect than shorter (0.15-4 minutes) or longer (≥8 minutes) intervals (Krzysztofik et al., 2021). In conclusion, optimal rest intervals for PAP vary depending on the activity and individual athlete characteristics, with moderate to longer recovery times generally yielding better performance outcomes. 

3.6. Recommended sets and repetitions
Research has investigated the ideal repetition and set structures for inducing PAP, which can impact on the technique’s effectiveness. One study found that moderate (1 set of 3 repetitions) and high (3 sets of 3 repetitions) volume protocols were more effective for eliciting potentiation than low-volume (1 repetition) protocols (Naclerio et al., 2015). Furthermore, experienced athletes generally gain more from a higher volume of CA, typically performing 1-3 sets (Garbisu-Hualde and Santos-Concejero, 2021). More specifically, a systematic review found that while a single set of a CA can produce a small PAP effect. This review showed that a 

single set performed at moderate intensity (60-84% of 1RM) resulted in a slightly better PAP response than multiple sets (Stastny et al, 2021). To summarise the research suggests that moderate to high-volume conditioning activity, particularly with 1-3 sets, is more effective for inducing PAP, especially in experienced athletes.

3.7. The influence of fatigue on PAP
The impact of fatigue on PAP is a complex subject that has been evaluated in numerous studies. The interaction between these two factors dictates the performance outcome after a conditioning exercise. One study highlights that fatigue and PAP can coexist, with muscular performance reflecting a balance between fatigue and potentiation, where optimal performance occurs when fatigue subsides, but the potentiation is maintained (Hodgson et al., 2005). Furthermore, another study investigated the relationship between fatigue and PAP in well trained individuals with experience in resistance training. The results of this particular study showed no significant differences in performance between control and experimental conditions, indicating that a conditioning contraction in warm-up routines does not harm repeated jump performance, even with fatigue. This suggests that fatigue does not eliminate the benefits of PAP when applied effectively (Medinger, 2017). However, it has been seen that a CA at maximal or near maximal intensity can boost peak force and force development rate but may also cause fatigue, potentially offsetting the potentiation effect (Tillin and Bishop, 2009). Additionally, neural fatigue can also present as a limiting factor for PAP. The interaction between fatigue and potentiation was studied in unilateral exercises, showing improved performance in the exercised limb but slight impairments in the opposite limb from neural fatigue (Andrews et al., 2016). To summarise, fatigue can coexist with, but sometimes counteract the potentiation effect, effective application of conditioning exercises can enhance performance, particularly when fatigue is managed. Further research in this area may be required to fully understand the influence of fatigue. 

3.8. The role of PAP in MSK rehabilitation
Current research on PAP mainly examines its impact on strength and power sports, with limited focus on its use in musculoskeletal (MSK) rehabilitation. One study suggests that PAP can enhance resistance training performance, indicating its potential to improve total work and rehabilitation outcomes for trained individuals (Alves et al., 2021). Moreover, research with professional rugby players examined plyometric exercises, and show how they can improve jump performance, making them valuable in rehabilitation programs focused on restoring explosive strength and power (Tobin and Delahunt, 2014). Likewise, a study on PAP in endurance athletes suggests that proper warm-up conditioning including potentiating exercises can boost performance, potentially benefiting MSK rehabilitation where endurance and functional capacity are key (Boullosa et al., 2018). Further research suggests that PAP, triggered by a CA, can boost performance in explosive movements, potentially aiding rehabilitation by enhancing muscle activation and strength (Tillin and Bishop, 2009). In conclusion, while the research primarily explores PAP in strength and power sports, its potential to enhance performance and rehabilitation outcomes in MSK recovery warrants further investigation.

3.9. Contrasting research for PAP
While much of the evidence regarding PAP is largely unequivocal, there is research which counters this. One study published examined the use of tethered swimming as a PAP procedure for 50-meter swimming performance in adolescent swimmers, and suggested that this approach was ineffective in enhancing performance It concluded that performing three 10-second bouts of tethered swimming eight minutes before the event had no significant effect on 50-meter sprint performance in young swimmers, suggesting it may not serve as an effective PAP stimulus (Haddad et al., 2020). However, the study does not specify the number of participants, which is a factor in assessing the statistical reliability of these findings. Moreover, a study examined the effects of a PAP protocol on jump height in elite male athletes and found that it consistently to failed to enhance performance. The protocols used in this study were deemed ineffective as a training intervention (Masel and Maciejczyk, 2024). Despite its strengths, this study has some limitations, including a small sample size of only twelve players. Similarly, a further study examined the impact of back squats, deadlifts, and their combination on repeated jump performance in resistance-trained youth wrestlers. The findings revealed that power output significantly improved only in the back squat compared to the control, whereas the deadlift and back squat combinations showed no notable enhancements (Gahreman et al., 2020). A further review examined factors influencing PAP and its role in complex training, noting that while PAP can enhance explosive movements like jumping and sprinting, its effectiveness depends on training level, muscle fiber type, and contraction specifics. It was claimed that PAP may not consistently enhance leg power across different individuals and conditions (Xenofondos et al., 2010). To summarise, while PAP is often considered beneficial, research shows its effectiveness varies depending on exercise selection, training level, and methodology. Some studies found no significant performance improvements, highlighting the need for further investigation to optimise its use in performance.








4.AIMS OF THE STUDY

The aim of the research to be conducted is to explore the effects of PAP after an acute dose, while over a four-week intervention, also examine the longer-term effects. More specifically, it will evaluate what effects a VJ has as an influence on the Leg Press, and 6 second peak power test on a Wattbike. The rationale behind these aims is based on the literature that PAP can be used as an effective method for performance improvement, particularly in explosive movements. The study's main hypothesis is that PAP-inducing activities such as a VJ will result in improvements in lower limb strength and power output compared to baseline performance levels. This study will contribute to the knowledge by clarifying if PAP is beneficial, and how athletes, coaches, and rehabilitators can implement PAP in training and competition settings to maximise performance improvements in the lower limbs and to seek an understanding of any gaps in the research. The hypothesis of this study is that PAP significantly enhances leg strength and leg power compared to a control condition without PAP, and that well trained individuals demonstrate greater improvements in leg strength and power following PAP than less experienced individuals.





5. METHODS

16 participants were selected, all male, with at least two years' training experience in resistance training, aged 28.0 ± 8.0, a height of 180 ± 4cm and a weight of 95 ± 15kg. The sample size was restricted due to equipment limitation and time constraint. Participants were selected via a convenience sampling method, as they were existing clients prior to the experimental study. Participants were selected from sporting backgrounds such as semi-professional rugby players, endurance runners, and triathletes, 8 of which will be part of the control group. A priori power analysis indicated that a sample of 16 participants provides adequate power (80%) to detect a moderate effect size (d = 0.5) at an alpha level of 0.05.  Having equal numbers in the control and experimental groups allows for direct comparisons, avoiding bias in group sizes. Requirements for participation were regular strength training (minimum of twice per week), experience in resistance training of at least 2 years. The training age of the group was 10 ± 7 years. Participants were screened for any history of orthopedic or neuromuscular injuries in the lower extremities or cardiovascular conditions or metabolic disorders. Exclusion criteria also included the use of any performance enhancing drugs (PED’s), and any medication such as non-steroidal anti-inflammatory drugs which would not be used at the time of data collection. All participants were required to sign a Pre-Activity Readiness Questionnaire (PAR-Q). Before participating in the study, all participants were informed about the potential risks and consequences involved and the voluntary nature of their involvement throughout the whole process. A familiarisation session was conducted with the participants to ensure they were accustomed to the test protocols, minimising potential interference in the results due to learning effects or movement coordination. Prior to the familiarisation session, subjects were requested to refrain from intense lower limb activity for 48 hours, no alcohol for 24 hours, caffeine for 6 hours, and any strenuous general activity for 24 hours. They were also requested not perform the exercises involved in the study or to perform any of the protocols involved to avoid familiarity, which could potentially influence their performance. Participants were also asked to consume a complex carbohydrate meal approximately 3 hours prior to the session and ensure that they were adequately hydrated. These protocols were also followed throughout the data collecting sessions. On the strength assessment days, a full warm up was performed prior to the intervention. A pulse raiser activity was performed on a Wattbike Pro CVEB9200 for 10 minutes at an RPE on the Borg Scale of 10, followed by a dynamic stretching routine including Quadriceps, Hamstrings. Gluteus Maximus, Adductors and calves, with each participant performing 10 repetitions on each individual muscle group. Following a 2-minute rest period, the subjects were then asked to perform a maximal VJ, repeated for 3 repetitions. Instructions were as follows, perform three maximal effort VJ’s, each jump should be as high as possible without a countermovement, starting from a standing position with your hands on hips and knees bent to approximately 30 degrees. Between each jump, the subjects were told to rest for 10 seconds to reset and prepare for the next jump. After completing the three jumps, they were rested for 4 minutes. During this time, it was requested that they stayed seated or standing comfortably and avoided any unnecessary physical activity to ensure adequate recovery for the next task. Following this rest period, subjects were then asked to perform as many repetitions as possible on a Nautilus Inspiration pin loaded Leg Press machine, at 85% of their 1RM as measured during the baseline data collection. To perform the leg press, participants were asked to sit on the machine with their back and head against the support, place feet shoulder-width apart on the platform. The knee angle was measured the weight calculated as their 6RM during that 90 degrees with a goniometer and the start point, and then to push the platform away by extending legs while keeping knees slightly bent at the top of the movement. This was performed at a weight calculated as their 6RM during the initial data collection, and to perform as many repetitions as possible. On separate data collection days, two days following the strength data collection, the same warmup and PAP protocols were utilised prior to the 6 second peak power test. Seat height was adjusted accordingly, with seat placed at the participant's hip level, with just a slight bend at the knee in the extended position. Personal details were entered, including the subject’s weight. Resistance was then manually set based on their weight. A five second countdown was followed by a maximum intensity effort of 6 seconds; the data was then gathered from the screen.


6. RESULTS

Table 1. Analysis of participant characteristics
	Variable
	Group 1 Mean/SD
	Group 2 Mean/SD
	Interpretation

	
Age
	
26.88 years (±5.14)
	
29 years (±4.72)
	Group 2 participants are slightly older on average, but the difference is small

	
Height (cm)
	
179.00 cm (±2.88)
	
181.88 cm (±5.79)
	Group 2 participants are, on average, 2.88 cm taller, with more variation in height

	
Weight (kg)
	
94.25 kg (±8.71)
	
92.75 kg (±8.83)
	The average weight is similar between groups; Group 1 is slightly heavier

	
Training Age (Years)
	
7.88 years (±5.34)
	
8.25 years (±4.64)
	Both groups have comparable training experience; Group 2 shows slightly less variability



6.1 Descriptive Analysis of Participant Characteristics
The demographic and anthropometric characteristics of the participants in Group 1 (Intervention Group) and Group 2 (Control Group) indicate minimal differences across age, height, weight, and training age. Group 2 had a slightly higher mean age (29.00 ± 4.72 years) compared to Group 1 (26.88 ± 5.14 years), but this difference was not statistically significant (t = -0.861, p = 0.404). Similarly, Group 2 participants were on average taller (181.88 cm ± 5.79) than Group 1 (179.00 cm ± 2.88), but the difference was not significant (t = -1.257, p = 0.229). Both groups had comparable weights (94.25 kg ± 8.71 in Group 1 and 92.75 kg ± 8.83 in Group 2), and statistical analysis confirmed no significant difference (t = 0.342, p = 0.737). Training age also showed minimal differences (7.88 ± 5.34 years vs. 8.25 ± 4.64 years, t = -0.150, p = 0.883). There are minimal differences in most variables between the two groups (age, height, weight, and years of training).


Table 2. Statistical Analysis of participant characteristics
	Variable
	t-value 
	p-value
	Interpretation

	Age
	-0.861
	0.404
	No significant difference in age between groups

	Height
	-1.257
	0.229
	No significant difference in height between groups

	Weight
	0.342
	0.737
	No significant difference in weight between groups

	Training Age 
	-0.150
	0.883
	No significant difference in training age between groups




6.2 Pre- and Post-Intervention Comparisons (Baseline Measures)
Independent t-tests comparing strength and power between groups at baseline indicated no statistically significant differences before the intervention. Pre-intervention strength (Intervention: 223.75 kg ± 27.87 vs. Control: 231.88 kg ± 32.06; t = 0.541, p = 0.597) and pre-intervention power (Intervention: 828.88 W ± 83.60 vs. Control: 892.38 W ± 45.87; t = -1.883, p= 0.081) showed no meaningful distinctions. Post-Intervention, the intervention group demonstrated significant gains in strength repetitions, post-intervention power did not significantly differ between the two groups (t = -1.045, p = 0.314).

Table 3. Table of study findings
	Group
	Variable
	Pre-mean
	Pre-SD
	Post- mean
	Post SD
	t-value
	p-value
	Cohen’s d
	Interpretation

	
Intervention
	Strength (reps)
	
6.00
	
.00
	
7.25
	
.707
	
-5.00
	
.002
	
1.77
	Very strong statistical evidence

	
Control
	
Strength (reps)

	
6.00
	
.00
	
6.13
	
.835
	
-0.424

	
.685

	
-0.15
	
Not statistically significant


	
Intervention

	
Power
(watts)

	
837.63
	
81.567
	
881.13
	
88.113
	
-4.600
	
.020
	
.51
	
Statistically significant

	
Control
	
Power (watts)
	
892.38
	
45.879
	
919.38
	
51.054
	
-2.676
	
.032
	
.56
	Statistically significant

	Intervention
	Strength (kg) pre
	223.75
	27.871
	
-
	
-
	
0.541
	
.597
	
0.27
	
No significant difference

	Control
	Strength (kg) pre
	231.88
	32.064
	
	
	
	
	
	

	
Intervention
	Strength (Reps) Post
	

-
	

-
	
7.25
	
0.707
	

2.909
	

.011
	

1.45
	
Statistically significant difference

	
Control
	Strength (Reps) Post
	
	
	
6.13
	
0.835
	
	
	
	

	
Intervention
	Power
(Watts) pre
	
828.88
	
83.597
	

-
	

-
	

-1.883
	

.081
	

.94
	
No significant difference

	
Control
	Power (Watts) Pre
	
892.38
	
45.879
	
	
	
	
	
	

	
Intervention
	Power (Watts) Post
	

-
	

-
	
881.13
	
90.080

	

-1.045
	

.314
	

.52
	
No significant difference


	
Control
	Power (Watts) Post
	
	
	
919.38
	
51.054
	
	
	
	



Figure 1. Mean Data of Strength Results
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Figure 2. Mean Data of Power results
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6.3 Effects of Post-Activation Potentiation on Strength
A paired sample t-test was conducted to examine changes in strength within the intervention group following post-activation potentiation. The number of repetitions performed significantly increased from a mean of 6.00 (±0.707) pre-intervention to 7.25 (±0.707) post-intervention. This change was statistically significant (t= -5.000, p=0.002) with a large effect size (d=1.77), suggesting strong evidence for the effectiveness of the intervention.
In contrast, the control group showed no meaningful change in strength. The mean number of repetitions pre-intervention was 6.00, increasing slightly to 6.13 post-intervention. This difference was not statistically significant (t=−0.424, p=0.685), indicating that the control condition did not produce improvements in strength.
An independent t-test comparing post-intervention strength outcomes between the intervention and control groups found a statistically significant difference (t=2.909, p=0.011) with a large effect size (d=1.45). These results indicate that the PAP group had a notable effect on increasing strength performance in the intervention group.

6.4 Effects of Post-Activation Potentiation on Power
The intervention group demonstrated a significant improvement in power following the intervention. Pre-intervention power output was 837.63 W (±81.567), increasing to 881.13 W (±88.113) post-intervention. This change was statistically significant (t=4.600, p=0.020) with a moderate effect size (d=0.51). These results suggest that the intervention effectively enhanced power output. The control group, however, also demonstrated an increase in power from 892.38 W (±45.879) pre-intervention to 919.38 W (±51.054) post-intervention. This difference was statistically significant (t=-2.676, p=0.032), though the effect size was small and negative (d=−0.56), indicating that the increase may not be as meaningful as in the intervention group. Despite improvements in power within both groups, the independent t-test comparing post-intervention power between the intervention and control groups revealed no significant difference (t= -0.145, p=0.134), with a small effect size  (d=0.16) Similarly, no significant difference was found in baseline power between groups prior to the intervention (t=-1.883, p=0.081), suggesting that initial power levels were comparable.










7. DISCUSSION

7.1. Summary of Key Findings
The findings revealed that PAP significantly improved strength performance, as shown by the increase in repetitions performed at 85% of 1RM in the intervention group (t = -5.000, p = 0.002, d = 1.77). The large effect size indicates a significant improvement in strength following the application of PAP, supporting its role as an effective method for enhancing muscular strength in resistance-trained individuals. This aligns with existing literature that suggests PAP can enhance motor unit recruitment and neural efficiency, leading to improved performance in strength-based tasks. The observed increase in repetitions highlights the potential application of PAP in athletic settings, where maximizing strength is often a priority. However, while the intervention group showed significant gains in power output (t = -4.600, p = 0.020, d = 0.51), these improvements were not significantly different from those observed in the control group (t = -1.045, p = 0.314, d = 0.16). This suggests that while PAP may contribute to acute improvements in power, its effect may not be distinct from general training programs and adaptations over time. The moderate effect size in the intervention group indicates a meaningful but inconsistent influence of PAP on power, raising questions about whether different CA, rest intervals or training volumes could optimise its effect. Additionally, the lack of a significant between-group difference highlights the possibility that power development may require more prolonged duration and exposure to PAP interventions or the use of alternative training strategies, such as plyometric and ballistic exercises, to provide more substantial improvements.

7.2. Interpretation of findings
The observed increase in strength performance supports previous research suggesting that PAP enhances neuromuscular performance by increasing myosin light chain phosphorylation and motor unit recruitment (Blazevich and Babault, 2019). This process enhances the sensitivity of actin-myosin interactions, leading to a greater capacity for force production in subsequent muscular contractions. This mechanism is particularly relevant for resistance-trained individuals, as exposure to PAP protocols can facilitate long-term adaptations in neuromuscular efficiency and force output. Furthermore, the improvement of performance through PAP may be influenced by an athlete’s training history. This aligns with previous findings that PAP benefits athletes engaged in strength and power sports, particularly those performing high-force, low-velocity movements. 
Conversely, the lack of significant between-group differences in power improvements contradicts some literature indicating that PAP enhances explosive performance (Trybulski et al., 2022). The significant improvements in power observed in both the intervention and control groups suggest that factors beyond PAP, such as general training effects, and potentially a familiarity with protocols and technique improvements, may have contributed to performance gains. These results align with studies by Lim et al, (2013) and Iacono et al, (2016), which found no significant PAP-induced improvements in sprint and jump performance among elite athletes. Furthermore, while PAP effectively primes the neuromuscular system to produce greater force, its influence on power output appears to be more variable. Power production relies on the combination of force and velocity, meaning that merely increasing muscular strength through PAP may not necessarily translate into improvements in high-velocity movements. It is possible that PAP benefits more force-dominant activities, whereas power-dominant movements require additional training considerations, such as longer recovery intervals and exercise selection. Additionally, adaptations in power development may require a longer training program duration or more targeted interventions beyond short-term potentiation effects. This may be due to the different neuromuscular demands of these movements, where force-based exercises primarily rely on strength output, while power-based activities depend on both rapid force production and efficient coordination and proprioception. Additionally, power development may require additional manipulation of load, velocity, and fatigue control to maximize its effectiveness, which suggests that PAP protocols should be carefully tailored to specific sports and performance goals.

7.3. Implications of findings
The results reinforce PAP as a useful method for improving lower limb strength in well experienced, trained individuals. S&C coaches, as well as rehabilitators, may incorporate PAP protocols, particularly for exercises involving maximal force production, to enhance strength adaptations in athletes. The increase in repetitions at 85% of 1RM suggests that PAP can effectively load the neuromuscular system, allowing individuals to perform at a higher-level during strength-based activities, which can often relate to their particular sport. Incorporating PAP into structured training programs may be particularly beneficial for athletes who require explosive strength, such as rugby players, footballers, and weightlifters. Given that the study participants demonstrated significant strength improvements following a PAP intervention, this method could be applied in both training and competition settings to optimise performance. Furthermore, PAP could be integrated into periodized S&C programs, ensuring athletes can consistently train at high intensities without excessive fatigue. A key consideration for coaches is the timing and selection of PAP exercises. The results suggest that movements closely resembling the primary task, such as a VJ before a heavy leg press, may maximise the potentiation effect. Also, coaches and trainers may experiment with different PAP protocols to determine the most effective combinations for their athletes, considering individual response variability, rest intervals, and training age and backgrounds. While the effect of PAP in terms of strength is significant, its effect on lower limb power is questionable. The absence of significant between-group differences in power suggests that PAP may not be as influential for improving power output. This highlights the need for individualised PAP protocols tailored to specific training ages and recovery needs. The findings suggest that PAP alone may not be sufficient for enhancing power output and that combining PAP with faster, velocity-based or plyometric exercises, as opposed to the VJ used in this study, could be a more effective approach to improving explosive performance such as with the 6 second peak power test. Incorporating plyometrics, sprint training, and contrast training methods alongside PAP interventions may enable greater gains in power. Furthermore, power development is multifaceted and may require a longer intervention period to elicit meaningful adaptations. The four-week duration of this study may not have been sufficient to observe significant gains in power, as neuromuscular adaptations related to power output typically require progressive exposure to high-velocity movements over time. Future research should examine the effects of extended PAP training cycles on power performance to determine whether prolonged application leads to more substantial improvements.
Despite the study's strengths, several limitations must be acknowledged. These constraints may have influenced the outcomes and may have affected Cohen’s d effect size value. should be considered when interpreting the findings and planning future research. The study was conducted with only 16 participants, limiting the reliability of the findings. A larger sample size would provide greater statistical power and more reliable insights into PAP's effectiveness across more diverse sporting populations. Small sample sizes increase the risk of individual variability affecting the results, making it more difficult to draw conclusions to a broader range of participants. This limitation aligns with findings from Haddad et al, (2020), where the lack of a specified participant number raised concerns about the statistical power of their conclusions on PAP's effectiveness in swimming performance. 

The four-week duration allowed for short-term adaptations to be measured, but longer studies may reveal more substantial improvements, particularly in power development. Neuromuscular adaptations to PAP may require a more extended period to optimise performance, and future studies should assess the long-term benefits of incorporating PAP protocols into S&C programs. This correlates with the systematic review by Garbisu-Hualde and Santos-Concejero, (2021), which emphasised the importance of sustained exposure to PAP for noticeable performance improvements. Additionally, research by Alves et al, (2021) suggests that PAP, when used over a longer period within resistance training programs, can lead to greater effects on strength and power development. The relatively short timeframe of this study may have limited the extent to which PAP’s full benefits could be realised, particularly concerning power adaptations, which often require longer training periods to facilitate significant improvements. Future research should explore the impact of extended PAP training cycles to determine whether prolonged usage results in more noticeable adaptations. Adaptations to PAP may require an extended period to optimise performance, and future studies should assess the long-term benefits of incorporating PAP protocols into S&C programs. This positions itself with the systematic review by Garbisu-Hualde and Santos-Concejero, (2021), which emphasised the importance of sustained programming with PAP for noticeable performance enhancements.
Furthermore, the study standardised rest intervals at four minutes, which may not have been optimal for all participants, depending on their level of conditioning. PAP’s effectiveness is highly dependent on rest duration, as inadequate or excessive recovery time can potentially reduce its effect. More individualised rest times based on participant characteristics, such as training age and experience may produce more accurate results. Future research could examine rest intervals to determine the optimal recovery time for different populations, based on their specific abilities.  The importance of rest times was highlighted by Golas et al, (2016), who found that individualised recovery periods could significantly influence the effects of PAP.  Fatigue has been highlighted in previous research as a factor influencing PAP outcomes (Rassier and Macintosh, 2000). Individuals experiencing higher levels of fatigue may not benefit from PAP, as their neuromuscular system may not be conditioned for enhanced performance. While efforts were made to control variables such as training background and nutrition, factors like sleep quality, hydration, psychological readiness, and previous training load were not strictly monitored due to lack of time and access to participants. These factors may have altered individual responses to PAP, potentially affecting the reliability of the findings of this study. This limitation suggests that variations in participants' physical conditions may have influenced their performance, making it harder to evaluate PAP's effects. Future research should investigate more controlled environments and monitor additional physical and psychological variables to reduce potential influences. Research by Lim et al, (2013) also suggests that PAP's effectiveness can be dependent on the physiological state of the individual, indicating that factors such as fatigue and recovery play roles in determining performance outcomes. Moreover, research also suggests that PAP's effects can be reliant on the physiological state of the individual, indicating that factors such as fatigue and recovery play roles in determining performance outcomes. This also collaborates with previous findings that suggest individualised PAP responses can vary due to underlying physiological conditions, making it necessary for future studies to standardise and these factors for more accurate results.

7.4. Recommendations for Future Research
To address these limitations and further explore PAP’s role in strength and power development, several recommendations can be made. Exploring the effects of PAP over longer periods, as opposed to this four-week study, could offer a better understanding of its long-term benefits for performance improvement. Longer studies could demonstrate if PAP's neuromuscular benefits improve and sustain performance improvements. This could determine if repeated PAP usage increases an individual's potentiation, aiding competitive strength and power for their chosen sport. Also, future research could investigate whether PAP’s benefits are maintained after periods of detraining or reduced training volume or intensity over the longer term. Performance metrics could be used at multiple points of the program to observe changes and monitor the effects of PAP. Further to this, studies with larger, more diverse sample sizes could reveal how various populations respond to PAP over time, helping to determine if PAP’s effects are influenced by specific training backgrounds.
This study's findings indicate that PAP might be more beneficial for developing strength rather than enhancing power. This exemplifies the need for additional research into alternative methods that specifically aim to improve explosive performance if the sport requires. Future research should explore if different CA can lead to greater enhancements in power output. Since this study used VJ as the potentiating activity, investigating alternatives like loaded jumps, weighted plyometrics, CMJ, or sprint-based PAP protocols might reveal more effective options for developing power, as these exercises could potentially utilise the Stretch Shortening Cycle more effectively, thus relating to power development more than a VJ. Also, further research should investigate the effect of combined PAP approaches, such as integrating resistance-based PAP with velocity-based training, to see if these methods result in better adaptations compared to traditional PAP protocols. Investigating the comparison between PAP and other potentiation techniques, like post-tetanic potentiation and staircase potentiation, could offer insights into how these methods could be applied to achieve performance improvements.

Finally, another important area for future research is the use of PAP in musculoskeletal (MSK) rehabilitation. While PAP has been studied in the context of athletic performance, there is limited research exploring its role in rehabilitation settings. Understanding that PAP enhances neuromuscular activation and force production, it may have potential benefits for individuals recovering from injury, particularly in regaining strength in the later, chronic stages of rehabilitation. Future studies should examine how PAP can be integrated into rehabilitation programs for conditions such as ACL reconstruction, tendinopathies, and post-surgical rehabilitation. Examining the effects of PAP on neuromuscular control, proprioception, and functional movement patterns could provide information into its use as a rehabilitation tool. Additionally, research could determine the optimal timing, exercise selection, and rest periods for using PAP in clinical settings to ensure both safety and effectiveness for those undergoing MSK rehabilitation. 






CONCLUSION

This study aimed to investigate the effects of PAP on lower limb strength and power development in resistance-trained individuals. The findings showed that PAP significantly enhanced strength performance, as demonstrated by an increase in repetitions performed at 85% of 1RM. This supports the existing body of research indicating that PAP enhances neuromuscular performance through increased motor unit recruitment and myosin light chain phosphorylation. However, the effect of PAP on power output was less convincing, with both the intervention and control groups displaying improvements, with no statistical differences between them. This suggests that while PAP is an effective strategy for strength enhancement, its use for power improvement may require additional modifications, such as varying rest intervals, implementing velocity-based training, or utilising alternative potentiating exercises. 
Reflecting on the research process, this study successfully examined short-term adaptations to PAP over a four-week period. The methods provided insight into PAP’s immediate effects, but it also highlighted areas for improvement. The small sample size, fixed rest intervals, and specific exercise selection may have influenced the response, indicating that more refined methods could be used in future studies. The findings also align with previous research supporting PAP’s role in strength development but also the inconsistencies in its effect on power, as noted in prior studies. This demonstrates the need for continued research into optimal PAP applications across different populations. Future research could extend the timing of PAP interventions to assess whether longer exposure results in improved adaptations in both strength and power. Investigating alternative PAP protocols, such as plyometric exercises, may also provide further evidence on its role in performance. Additionally, given the lack of research on PAP in MSK rehabilitation, studies should explore its effectiveness in clinical settings to enhance recovery following injury. Overall, this study contributes to the understanding of PAP by confirming itseffectiveness in strength development while questioning its role in power enhancement. These findings offer practical applications for S&C coaches as well as Sports Therapists, while highlighting the need for continued research to optimise PAP for improved performance outcomes. 













REFERENCE LIST

ABBES, Z., CHAMARI, K., MUJIKA, I., TABBEN, M., BIBI, K.W., HUSSEIN, A.M., MARTIN, C. and HADDAD, M., 2018. Do thirty-second post-activation potentiation exercises improve the 50-m freestyle sprint performance in adolescent swimmers? Frontiers in physiology, 9, pp. 1464.
ABRAMS, R. and AKBARNIA, H., 2023. Shoulder dislocations overview. StatPearls [Internet]. StatPearls Publishing, .
ALVES, R.R., VIANA, R.B., SILVA, M.H., GUIMARÃES, T.C., VIEIRA, C.A., DE AT SANTOS, D. and GENTIL, P.R., 2021a. Postactivation potentiation improves performance in a resistance training session in trained men. The Journal of Strength & Conditioning Research, 35(12), pp. 3296–3299.
ANDREWS, S.K., HORODYSKI, J.M., MACLEOD, D.A., WHITTEN, J. and BEHM, D.G., 2016. The interaction of fatigue and potentiation following an acute bout of unilateral squats. Journal of sports science & medicine, 15(4), pp. 625.
ANDROULAKIS-KORAKAKIS, P., FISHER, J.P. and STEELE, J., 2020. The minimum effective training dose required to increase 1RM strength in resistance-trained men: a systematic review and meta-analysis. Sports Medicine, 50(4), pp. 751–765.
ASIMAKIDIS, N.D., MUKANDI, I.N., BEATO, M., BISHOP, C. and TURNER, A.N., 2024. Assessment of strength and power capacities in elite male soccer: a systematic review of test protocols used in practice and research. Sports medicine, 54(10), pp. 2607–2644.
ATAKAN, M.M., LI, Y., KOŞAR, ŞN., TURNAGÖL, H.H. and YAN, X., 2021. Evidence-based effects of high-intensity interval training on exercise capacity and health: A review with historical perspective. International journal of environmental research and public health, 18(13), pp. 7201.
BEAN, J.F., LEVEILLE, S.G., KIELY, D.K., BANDINELLI, S., GURALNIK, J.M. and FERRUCCI, L., 2003. A comparison of leg power and leg strength within the InCHIANTI study: which influences mobility more? The Journals of Gerontology Series A: Biological Sciences and Medical Sciences, 58(8), pp. M728–M733.
BERGMANN, J., KRAMER, A. and GRUBER, M., 2013. Repetitive hops induce postactivation potentiation in triceps surae as well as an increase in the jump height of subsequent maximal drop jumps. PloS one, 8(10), pp. e77705.
BLAZEVICH, A.J. and BABAULT, N., 2019c. Post-activation potentiation versus post-activation performance enhancement in humans: historical perspective, underlying mechanisms, and current issues. Frontiers in physiology, 10, pp. 1359.
BOONE, J.L. and ARCIERO, R.A., 2010. First-time anterior shoulder dislocations: has the standard changed? British journal of sports medicine, 44(5), pp. 355–360.
BORBA, D.D.A., FERREIRA-JÚNIOR, J.B., SANTOS, L.A.D., CARMO, M.C.D. and COELHO, L.G.M., 2017. Effect of post-activation potentiation in Athletics: a systematic review. Revista Brasileira de Cineantropometria & Desempenho Humano, 19(1), pp. 128–138.
BOULLOSA, D., DEL ROSSO, S., BEHM, D.G. and FOSTER, C., 2018. Post-activation potentiation (PAP) in endurance sports: A review. European journal of sport science, 18(5), pp. 595–610.
CAO, S., WANG, Z., GUO, J., GEOK, S.K., SUN, H. and LIU, J., 2024. The effects of plyometric training on physical fitness and skill-related performance in female basketball players: a systematic review and meta-analysis. Frontiers in Physiology, 15, pp. 1386788.
CHEN, Z., LO, S., WANG, M., YU, C. and PENG, H., 2017. Can different complex training improve the individual phenomenon of post-activation potentiation? Journal of human kinetics, 56, pp. 167.
CHIARLITTI, N.A., CROZIER, M., INSOGNA, J.A., REID, R.E. and DELISLE-HOUDE, P., 2021. Longitudinal physiological and fitness evaluations in elite ice hockey: a systematic review. The Journal of Strength & Conditioning Research, 35(10), pp. 2963–2979.
COMFORT, P., BULLOCK, N. and PEARSON, S.J., 2012. A comparison of maximal squat strength and 5-, 10-, and 20-meter sprint times, in athletes and recreationally trained men. The Journal of Strength & Conditioning Research, 26(4), pp. 937–940.
COOLS, A.M., ELLENBECKER, T.S. and MICHENER, L.A., 2017. Rehabilitation of scapular dyskinesis. Disorders of the Scapula and Their Role in Shoulder Injury: A Clinical Guide to Evaluation and Management, , pp. 179–192.
CUNNIFFE, B., PROCTOR, W., BAKER, J.S. and DAVIES, B., 2009. An evaluation of the physiological demands of elite rugby union using global positioning system tracking software. The Journal of Strength & Conditioning Research, 23(4), pp. 1195–1203.
DAVIS, A.C., EMPTAGE, N.P., POUNDS, D., WOO, D., SALLIS, R., ROMERO, M.G. and SHARP, A.L., 2021. The effectiveness of neuromuscular warmups for lower extremity injury prevention in basketball: A systematic review. Sports medicine-open, 7, pp. 1–14.
DEUTSCH, M.U., MAW, G.J., JENKINS, D. and REABURN, P., 1998. Heart rate, blood lactate and kinematic data of elite colts (under-19) rugby union players during competition. Journal of sports sciences, 16(6), pp. 561–570.
DUTHIE, G., PYNE, D. and HOOPER, S., 2003. Applied physiology and game analysis of rugby union. Sports medicine, 33, pp. 973–991.
FYFE, J.J., BISHOP, D.J. and STEPTO, N.K., 2014. Interference between concurrent resistance and endurance exercise: molecular bases and the role of individual training variables. Sports medicine, 44, pp. 743–762.
GABBETT, T.J., 2005. Science of rugby league football: a review. Journal of sports sciences, 23(9), pp. 961–976.
GAHREMAN, D., MOGHADAM, M., HOSEININEJAD, E., DEHNOU, V., CONNOR, J., DOMA, K. and STONE, M., 2020. Postactivation potentiation effect of two lower body resistance exercises on repeated jump performance measures. Biology of Sport, 37(2), pp. 105–112.
GARBISU-HUALDE, A. and SANTOS-CONCEJERO, J., 2021d. Post-activation potentiation in strength training: A systematic review of the scientific literature. Journal of human kinetics, 78, pp. 141.
GOŁAŚ, A., MASZCZYK, A., ZAJAC, A., MIKOŁAJEC, K. and STASTNY, P., 2016. Optimizing post activation potentiation for explosive activities in competitive sports. Journal of human kinetics, 52, pp. 95.
HADDAD, M., ABBES, Z., BIBI, K., MUJIKA, I., MARTIN, C. and CHAMARI, K., 2020. Tethered Swimming Ineffective As Post Activation Potentiation Procedure For 50-m Swimming Performance In Adolescent Swimmers: 297 Board# 113 May 27 9: 30 AM-11: 00 AM. Medicine & Science in Sports & Exercise, 52(7S), pp. 65.
HAYES, K., CALLANAN, M., WALTON, J., PAXINOS, A. and MURRELL, G.A., 2002. Shoulder instability: management and rehabilitation. Journal of Orthopaedic & Sports Physical Therapy, 32(10), pp. 497–509.
HODGSON, M., DOCHERTY, D. and ROBBINS, D., 2005. Post-activation potentiation: underlying physiology and implications for motor performance. Sports medicine, 35, pp. 585–595.
IACONO, A.D., PADULO, J., ELIAKIM, A., GOTTLIEB, R., BARELI, R. and MECKEL, Y., 2016. Post-activation potentiation effects on vertical and horizontal explosive performances of young handball and basketball athletes. J Sports Med Phys Fitness, 56(12), pp. 1455–1464.
ISHAK, A., WONG, F.Y., BEATTIE, C., VARAMENTI, E., ADHIKARI, R., SAVOIA, C., COCKING, S. and PULLINGER, S.A., 2023. Post-activation potentiation: Effect of recovery duration and gender on countermovement jump, agility, and linear speed in team-sport athletes. Asian Journal of Sports Medicine, 14(3),.
ITOI, E., HATAKEYAMA, Y., SATO, T., KIDO, T., MINAGAWA, H., YAMAMOTO, N., WAKABAYASHI, I. and NOZAKA, K., 2007. Immobilization in external rotation after shoulder dislocation reduces the risk of recurrence: a randomized controlled trial. JBJS, 89(10), pp. 2124–2131.
KASICKI, K., RYDZIK, Ł, AMBROŻY, T., SPIESZNY, M. and KOTEJA, P., 2024. The Impact of Post-Activation Performance Enhancement Protocols on Vertical Jumps: Systematic Review. Applied Sciences, 14(21), pp. 9664.
KEOLIYA, A.A., RAMTEKE, S.U., BOOB, M.A., SOMAIYA, K.J. and KEOLIYA, A., 2024. Enhancing volleyball athlete performance: A comprehensive review of training interventions and their impact on agility, explosive power, and strength. Cureus, 16(1),.
KILDUFF, L.P., BEVAN, H.R., KINGSLEY, M.I., OWEN, N.J., BENNETT, M.A., BUNCE, P.J., HORE, A.M., MAW, J.R. and CUNNINGHAM, D.J., 2007. Postactivation potentiation in professional rugby players: Optimal recovery. The Journal of Strength & Conditioning Research, 21(4), pp. 1134–1138.
KRZYSZTOFIK, M., WILK, M., STASTNY, P. and GOLAS, A., 2021a. Post-activation performance enhancement in the bench press throw: A systematic review and meta-analysis. Frontiers in Physiology, 11, pp. 598628.
LIM, J.J. and KONG, P.W., 2013. Effects of isometric and dynamic postactivation potentiation protocols on maximal sprint performance. The Journal of Strength & Conditioning Research, 27(10), pp. 2730–2736.
LIU, L., NIU, X. and ZHOU, Z., 2024. Acute Effects of Different Conditioning Activities on the Post-Activation Performance Enhancement in Athletes' Jumping and Sprinting Performances: A Systematic Review and Meta-Analysis. Applied Sciences (2076-3417), 14(20),.
LORENZ, D., 2011. Postactivation potentiation: An introduction. International journal of sports physical therapy, 6(3), pp. 234.
MACINTOSH, B.R., SMITH, M.J. and RASSIER, D.E., 2008. Staircase but not posttetanic potentiation in rat muscle after spinal cord hemisection. Muscle & Nerve: Official Journal of the American Association of Electrodiagnostic Medicine, 38(5), pp. 1455–1465.
MACMILLAN, C., OLIVIER, B. and BENJAMIN-DAMONS, N., 2021. Sport Science Lab® Screening Protocol: The association between physical fitness Parameters and injury among elite rugby players. Physical Therapy in Sport, 52, pp. 272–279.
MAESTRONI, L., READ, P., BISHOP, C., PAPADOPOULOS, K., SUCHOMEL, T.J., COMFORT, P. and TURNER, A., 2020. The benefits of strength training on musculoskeletal system health: practical applications for interdisciplinary care. Sports Medicine, 50(8), pp. 1431–1450.
MALONEY, S.J., TURNER, A.N. and FLETCHER, I.M., 2014. Ballistic exercise as a pre-activation stimulus: a review of the literature and practical applications. Sports medicine, 44, pp. 1347–1359.
MASEL, S. and MACIEJCZYK, M., 2024. No effects of post-activation performance enhancement in elite male volleyball players under complex training. Scientific Reports, 14(1), pp. 13708.
MOROUCO, P.G., MARINHO, D.A., AMARO, N.M., PÉREZ-TURPIN, J.A. and MARQUES, M.C., 2012. Effects of dry-land strength training on swimming performance: a brief review. Journal of Human Sport and Exercise, 7(2), pp. 553–559.
NACLERIO, F., CHAPMAN, M., LARUMBE-ZABALA, E., MASSEY, B., NEIL, A. and TRIPLETT, T.N., 2015. Effects of three different conditioning activity volumes on the optimal recovery time for potentiation in college athletes. The Journal of Strength & Conditioning Research, 29(9), pp. 2579–2585.
NGO, D. and KAZMI, M., 2024. Power and strength training plan for off and on season for teenage runners.
NSCA-NATIONAL STRENGTH & CONDITIONING ASSOCIATION, 2021. Essentials of strength training and conditioning. Human kinetics.
PRIESKE, O., BEHRENS, M., CHAABENE, H., GRANACHER, U. and MAFFIULETTI, N.A., 2020. Time to differentiate postactivation “potentiation” from “performance enhancement” in the strength and conditioning community. Sports medicine, 50(9), pp. 1559–1565.
QUARRIE, K.L., HANDCOCK, P., WALLER, A.E., CHALMERS, D.J., TOOMEY, M.J. and WILSON, B.D., 1995. The New Zealand rugby injury and performance project. III. Anthropometric and physical performance characteristics of players. British journal of sports medicine, 29(4), pp. 263–270.
RAMIREZ-CAMPILLO, R., SORTWELL, A., MORAN, J., AFONSO, J., CLEMENTE, F.M., LLOYD, R.S., OLIVER, J.L., PEDLEY, J. and GRANACHER, U., 2023. Plyometric-jump training effects on physical fitness and sport-specific performance according to maturity: a systematic review with meta-analysis. Sports medicine-open, 9(1), pp. 23.
ROBBINS, D.W., 2005. Postactivation potentiation and its practical applicability. The Journal of Strength & Conditioning Research, 19(2), pp. 453–458.
ROBERTS, S.P., TREWARTHA, G., HIGGITT, R.J., EL-ABD, J. and STOKES, K.A., 2008. The physical demands of elite English rugby union. Journal of sports sciences, 26(8), pp. 825–833.
ROBINSON, C.M., JENKINS, P.J., WHITE, T.O., KER, A. and WILL, E., 2008. Primary arthroscopic stabilization for a first-time anterior dislocation of the shoulder: a randomized, double-blind trial. JBJS, 90(4), pp. 708–721.
SALE, D., 2004. Postactivation potentiation: role in performance. British journal of sports medicine, 38(4), pp. 386–387.
SCHOENFELD, B.J., GRGIC, J., VAN EVERY, D.W. and PLOTKIN, D.L., 2021. Loading recommendations for muscle strength, hypertrophy, and local endurance: a re-examination of the repetition continuum. Sports, 9(2), pp. 32.
SENER, T., SOZBIR, K. and KARLI, U., 2021. Acute effects of plyometric warm-up with different box heights on sprint and agility performance in national-level field hockey athletes. Isokinetics and Exercise Science, 29(1), pp. 1–9.
SMITH, I.C., VANDENBOOM, R. and TUPLING, A.R., 2014. Juxtaposition of the changes in intracellular calcium and force during staircase potentiation at 30 and 37° C. Journal of General Physiology, 144(6), pp. 561–570.
STONE, M.H., HORNSBY, G., MIZUGUCHI, S., SATO, K., GAHREMAN, D., DUCA, M., CARROLL, K., RAMSEY, M.W., STONE, M.E. and HAFF, G.G., 2024. The Use of Free Weight Squats in Sports: A Narrative Review—Squatting Movements, Adaptation, and Sports Performance: Physiological. The Journal of Strength & Conditioning Research, 38(8), pp. 1494–1508.
SUCHOMEL, T.J. and COMFORT, P., 2022. Developing muscular strength and power. Advanced Strength and Conditioning. Routledge, pp. 13–39.
THOMAS, K., WEST, D.J., HOWATSON, G. and GOODALL, S., 2017. Heavy‐resistance exercise‐induced increases in jump performance are not explained by changes in neuromuscular function. Scandinavian Journal of Medicine & Science in Sports, 27(1), pp. 35–44.
TILLIN, N.A. and BISHOP, D., 2009b. Factors modulating post-activation potentiation and its effect on performance of subsequent explosive activities. Sports medicine, 39, pp. 147–166.
TOBIN, D.P. and DELAHUNT, E., 2014a. The acute effect of a plyometric stimulus on jump performance in professional rugby players. The Journal of Strength & Conditioning Research, 28(2), pp. 367–372.
TRYBULSKI, R., MAKAR, P., ALEXE, D.I., STANCIU, S., PIWOWAR, R., WILK, M. and KRZYSZTOFIK, M., 2022. Post-activation performance enhancement: save time with active intra-complex recovery intervals. Frontiers in Physiology, 13, pp. 840722.
UEMATSU, A., TSUCHIYA, K., KADONO, N., KOBAYASHI, H., KAETSU, T., HORTOBAGYI, T. and SUZUKI, S., 2014a. A behavioral mechanism of how increases in leg strength improve old adults’ gait speed. PLoS One, 9(10), pp. e110350.
UEMATSU, A., TSUCHIYA, K., KADONO, N., KOBAYASHI, H., KAETSU, T., HORTOBAGYI, T. and SUZUKI, S., 2014b. A behavioral mechanism of how increases in leg strength improve old adults’ gait speed. PLoS One, 9(10), pp. e110350.
WALLACE, B.J., SHAPIRO, R., WALLACE, K.L., ABEL, M.G. and SYMONS, T.B., 2019. Muscular and neural contributions to postactivation potentiation. The Journal of Strength & Conditioning Research, 33(3), pp. 615–625.
WILK, K.E., ARRIGO, C.A., HOOKS, T.R. and ANDREWS, J.R., 2016. Rehabilitation of the overhead throwing athlete: there is more to it than just external rotation/internal rotation strengthening. Pm&r, 8(3), pp. S78–S90.
XENOFONDOS, A., LAPARIDIS, K., KYRANOUDIS, A., GALAZOULAS, C., BASSA, E. and KOTZAMANIDIS, C., 2010c. Post-activation potentiation: Factors affecting it and the effect on performance. Journal of Physical Education & Sport/Citius Altius Fortius, 28(3),.
YU, L., ALTIERI, C., BIRD, S.P., CORCORAN, G. and JIUXIANG, G., 2021. The importance of in-season strength and power training in football athletes: A brief review and recommendations. International Journal of Strength and Conditioning, 1(1), pp. 1–8.
ZERO, A.M. and RICE, C.L., 2021. State-of-the-art review: spinal and supraspinal responses to muscle potentiation in humans. European journal of applied physiology, 121(5), pp. 1271–1282.







































































































 









	
	
	



image4.png
%40
2
)
80
0
80
80
a0
780
760

Aots The

mnienventon
= Corirol

Week2
82688 78 845
8923% 805 09%

Week Number

Week3 Week 4
175 113
3125 9193




image3.png
Number of eps

mnienventon
= Corirol

7%
675
Week Number

5
623





