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[bookmark: _Toc626993928]Abstract
The purpose of this study was to compare the acute effects of dynamic and plyometric warm-up protocols on measures of explosive performance in team-based athletes. Thirteen male university athletes (mean age = 20 years) completed two testing sessions in a repeated-measures crossover design. Each participant performed both a dynamic warm-up and a plyometric warm-up on separate occasions, followed by assessments of countermovement jump (CMJ) performance and 20 m sprint time.
CMJ performance was measured using jump height, peak force, and relative force, with the best of three attempts recorded. Sprint performance was assessed using electronic timing gates over a 20 m distance, with the fastest of three trials recorded. Data were analyzed to compare performance outcomes between the two warm-up conditions.
Results indicated no statistically significant differences between the dynamic and plyometric conditions for any performance variable. Both warm-up protocols produced similar outcomes for CMJ height, peak force, relative force, and sprint performance.
These findings suggest that a dynamic warm-up alone may be sufficient to optimize acute explosive performance in team-based athletes. The addition of plyometric exercises did not provide any further performance benefit under the conditions of this study. Factors such as fatigue, recovery timing, and individual training status may have influenced the effectiveness of the plyometric protocol.
In conclusion, while plyometric exercises are commonly used to enhance performance, their acute benefits may be limited when a well-structured dynamic warm-up has already been performed. Future research should investigate the role of plyometric intensity and recovery duration in eliciting performance enhancements.




[bookmark: _Toc879728383]Introduction 
Team-based sports are characterized by repeated high-intensity actions, with research suggesting that players can perform over 1000 changes of activity during a single match, including frequent sprints, jumps, and accelerations (Mark Mohr et al., 2003). These explosive movements are often critical in determining key moments in performance, such as goal-scoring opportunities, defensive actions, and transitions of play. As a result, the ability to maximize speed and power is a key focus for athletes, coaches, and sport scientists.
Given the importance of these physical qualities, considerable attention has been given to strategies that can enhance performance both acutely and over longer periods. One such strategy is the implementation of structured warm-up routines. Warm-ups are widely accepted as an essential component of athletic preparation, with the aim of preparing the body both physically and mentally for subsequent performance (Altavilla Gaetano and Raiola Gaetano, 2017). Physiologically, warm-ups are known to increase muscle temperature, enhance nerve conduction velocity, and improve motor unit recruitment, all of which contribute to improved muscular function (Bishop, 2003). They also improve metabolic efficiency and reduce lactate accumulation during intense exercise, while dynamic warm-up strategies have further been shown to improve power and agility performance compared with static stretching protocols (Gray, De Vito and Nimmo, 2002; McMillian et al., 2006; Bishop, 2003; McGowan et al., 2015). In addition, warm-ups can improve joint mobility and movement efficiency, allowing athletes to perform more effectively during high-intensity activities (Behm and Chaouachi, 2011).
The relationship between muscle temperature and performance is further illustrated in Figure 1, which demonstrates the effect of increasing temperature on anaerobic adenosine triphosphate (ATP) supply. As muscle temperature rises, the rate of ATP production increases substantially, particularly beyond resting muscle temperature, highlighting the importance of an effective warm-up in optimizing energy availability for high-intensity, explosive actions.
[image: ]
Figure 1. Relationship between muscle temperature and anaerobic ATP supply during exercise (adapted from Bishop, 2003).

The effectiveness of a warm-up is largely dependent on its structure and content. Traditionally, warm-ups have included a combination of aerobic activity, stretching, and sport-specific movements. However, the role of different stretching and activation techniques has been widely debated. Early research suggested that static stretching may impair performance by reducing force production and power output, leading to a shift towards more dynamic approaches (Behm and Chaouachi, 2011). As a result, dynamic warm-ups have become increasingly popular within both training and competitive environments.
Dynamic warm-ups involve controlled, active movements performed through a full range of motion, often designed to replicate sport-specific actions. These movements are thought to be effective due to their ability to increase physiological readiness while simultaneously activating the neuromuscular system. Previous research has consistently demonstrated that dynamic warm-ups can enhance performance outcomes, including improvements in sprint speed, agility, and vertical jump performance (Little and Williams, 2006; Fletcher and Anness, 2007). Additionally, dynamic stretching has been shown to increase power output without the negative effects associated with static stretching (Yamaguchi and Ishii, 2005; Papadopoulos et al., 2005).
More recently, there has been growing interest in the use of plyometric exercises as part of warm-up routines. Plyometric movements, such as jumps and bounds, are designed to utilize the stretch-shortening cycle, allowing for rapid force production and enhanced muscular performance. These exercises are often linked to the concept of post-activation performance enhancement (PAPE), which refers to the acute improvement in performance following a conditioning activity (Blazevich and Babault, 2019). The mechanisms underlying PAPE include increased neural activation and enhanced muscle contractile properties, which may lead to improvements in power and explosive performance (Tillin and Bishop, 2009).
Despite the potential benefits of plyometric warm-ups, the evidence surrounding their effectiveness remains inconsistent. While some studies have reported improvements in sprint and jump performance following plyometric activity, others have found little or no effect. This variability may be explained by differences in factors such as exercise intensity, volume, recovery time, and individual characteristics. For example, stronger or more highly trained individuals appear to benefit more from PAPE interventions, whereas less trained individuals may not experience the same level of improvement (Seitz and Haff, 2016).
Furthermore, much of the existing literature has examined dynamic and plyometric warm-ups in isolation, rather than directly comparing their effects within the same study. In addition, many studies have focused on single performance measures, such as sprinting or jumping, rather than assessing multiple aspects of explosive performance simultaneously. This limits the ability to determine which warm-up strategy is most effective for improving overall performance in team-sport athletes.
Therefore, there is a need for research that directly compares the acute effects of dynamic and plyometric warm-up protocols on multiple measures of explosive performance. By examining both sprint performance and countermovement jump (CMJ) performance within the same group of athletes, a more comprehensive understanding of the effectiveness of these warm-up strategies can be achieved.

[bookmark: _Toc828351706]Aim and Hypothesis
The aim of this study was to compare the immediate (acute) effects of a dynamic warm-up and a plyometric warm-up on measures of explosive performance in team-based athletes. Specifically, the study examined differences in sprint performance and countermovement jump (CMJ) variables, including jump height, peak force, and relative force.
It was hypothesized that the plyometric warm-up condition would result in greater improvements in explosive performance compared to the dynamic warm-up condition, due to the potential effects of post-activation performance enhancement.




[bookmark: _Toc213619821]Literature Review
[bookmark: _Toc745116206]Warm-Up and Performance
Warm-ups are widely recognised as an essential component of athletic preparation, particularly in sports that require explosive movements such as sprinting and jumping. The primary aim of a warm-up is to prepare the body both physiologically and psychologically for subsequent performance. This is typically achieved through increases in muscle temperature, enhanced neuromuscular activation, and improved joint mobility, all of which contribute to improved performance outcomes (Bishop, 2003).
An increase in muscle temperature has been shown to improve muscle contractile properties, reduce stiffness, and enhance the rate of force development. These adaptations are particularly important for activities requiring rapid and powerful movements. In addition, warm-ups can increase nerve conduction velocity and improve motor unit recruitment, both of which are key contributors to explosive performance (Behm and Chaouachi, 2011). Furthermore, warm-ups may improve movement efficiency and coordination, allowing athletes to perform more effectively.
McGowan et al. (2015) suggested that effective warm-up strategies enhance both physiological readiness and psychological preparedness, highlighting the importance of warm-up design in performance contexts. Despite these well-established benefits, there remains uncertainty regarding the most effective type of warm-up for enhancing performance, with different approaches potentially influencing outcomes in different ways.

[bookmark: _Toc1040365801]Dynamic Warm-Ups and Performance
Dynamic warm-ups are one of the most commonly used preparation strategies in sport. These involve controlled, sport-specific movements performed through a full range of motion and are designed to increase muscle temperature, stimulate the neuromuscular system, and improve movement efficiency (Behm and Chaouachi, 2011).
A substantial body of research supports the effectiveness of dynamic warm-ups for enhancing performance. Little and Williams (2006) found that dynamic stretching improved sprint performance, agility, and vertical jump performance in professional soccer players. Similarly, Fletcher and Anness (2007) reported faster sprint times following dynamic warm-up protocols compared to static stretching.
Further support is provided by Yamaguchi and Ishii (2005), who observed increases in power output following dynamic stretching, suggesting that such warm-ups can positively influence muscular performance. Papadopoulos et al. (2005) also found that static stretching reduced force production, whereas dynamic stretching did not negatively affect performance, further supporting the use of dynamic warm-ups prior to explosive activity.
Taylor et al. (2009) demonstrated that the negative effects of static stretching could be reduced when combined with dynamic, sport-specific movements, reinforcing the importance of dynamic activity within warm-up routines. Despite these generally positive findings, the effectiveness of dynamic warm-ups may still depend on factors such as intensity, duration, and exercise selection, highlighting the importance of appropriate protocol design.

[bookmark: _Toc1563281932]Plyometric Warm-Ups and Post-Activation Performance Enhancement (PAPE)
Plyometric exercises are frequently incorporated into warm-ups with the aim of enhancing performance through post-activation performance enhancement (PAPE). PAPE refers to the acute improvement in muscular performance following a conditioning activity, typically involving explosive or high-intensity movements (Blazevich and Babault, 2019).
The mechanisms underlying PAPE include increased motor unit recruitment, enhanced neural drive, and improved muscle contractile properties, all of which can contribute to improved power output and rate of force development (Tillin and Bishop, 2009). These adaptations are particularly relevant for activities such as sprinting and jumping.
Several studies have reported positive effects of plyometric or explosive conditioning activities. Turner et al. (2015) found that plyometric exercises improved sprint acceleration performance, while Chatzopoulos et al. (2007) demonstrated improvements in running speed following heavy resistance exercise. In addition, Seitz and Haff (2016) concluded in their meta-analysis that PAPE can enhance explosive performance, particularly in stronger and more highly trained individuals.
However, findings are not entirely consistent. The effectiveness of PAPE appears to depend on factors such as intensity, volume, and recovery time. If the balance between fatigue and potentiation is not optimal, performance improvements may not be observed (Tillin and Bishop, 2009). Furthermore, individual differences such as strength levels and training experience may influence responsiveness to plyometric interventions (Seitz and Haff, 2016).

[bookmark: _Toc603598085]Effects of Warm-Ups on Sprint Performance
Sprint performance is a key component of many team-based sports, and the influence of warm-up strategies on sprint ability has been widely investigated. Dynamic warm-ups have consistently been shown to improve sprint performance through increases in muscle temperature, neural activation, and movement efficiency (Bishop, 2003; Behm and Chaouachi, 2011).
Little and Williams (2006) and Fletcher and Anness (2007) both reported improvements in sprint performance following dynamic warm-up protocols, supporting their effectiveness in preparing athletes for high-speed activities. In contrast, the effects of plyometric warm-ups on sprint performance are less consistent.
Turner et al. (2015) demonstrated improvements in sprint acceleration following plyometric activity, whereas other research has shown limited or no acute effects. Faigenbaum et al. (2005) found improvements in sprint performance following plyometric-based warm-ups in youth populations, suggesting that training status and age may influence responsiveness.
Mohr et al. (2003) highlighted the importance of warm-up strategies for maintaining high-intensity performance in team sports, although the specific type of warm-up may not always be the determining factor. This suggests that general physiological readiness may be more important than the inclusion of specific plyometric exercises.
Additionally, sprint distance may influence the effectiveness of warm-up strategies. Short sprint distances primarily assess acceleration rather than maximal velocity, and it is possible that plyometric interventions may have a greater impact on later phases of sprinting.

[bookmark: _Toc749090424]Effects of Warm-Ups on CMJ and Power Performance
The countermovement jump (CMJ) is widely used as a measure of lower-body power and is frequently used to assess the effectiveness of different warm-up strategies. Dynamic warm-ups have been shown to improve CMJ performance through increased muscle temperature and enhanced neuromuscular activation (Behm and Chaouachi, 2011).
Yamaguchi and Ishii (2005) reported increases in power output following dynamic stretching, while Little and Williams (2006) observed improvements in vertical jump performance following dynamic warm-up protocols. These findings support the effectiveness of dynamic warm-ups for enhancing power-based performance.
Plyometric warm-ups have also been associated with improvements in CMJ performance through PAPE mechanisms. However, findings remain inconsistent. Chatzopoulos et al. (2007) demonstrated improvements in explosive performance following conditioning activity, whereas other studies have reported minimal effects.
These inconsistencies suggest that the effectiveness of plyometric warm-ups for improving CMJ performance is influenced by multiple factors, including intensity, recovery timing, and individual characteristics. As such, further research is required to better understand the conditions under which these interventions are most effective.

[bookmark: _Toc758180053]Research Gap
Although a substantial body of research has examined the effects of different warm-up strategies on performance, findings remain inconsistent, particularly when comparing dynamic and plyometric warm-ups. Dynamic warm-ups are generally supported as an effective method for enhancing performance, whereas the benefits of plyometric warm-ups appear to be more variable and dependent on specific conditions.
Furthermore, many studies have focused on individual performance measures, such as sprinting or jumping, rather than assessing multiple aspects of explosive performance within the same study. This limits the ability to fully understand how different warm-up strategies influence overall athletic performance.
In addition, variations in protocol design, including differences in intensity, volume, and recovery time, make it difficult to draw clear conclusions regarding the most effective warm-up approach. Individual differences such as training status and strength levels further contribute to variability in findings.
Therefore, there is a clear need for research that directly compares dynamic and plyometric warm-ups using a controlled and standardized design, while assessing multiple measures of explosive performance within the same population. This provides the rationale for the present study, which aims to compare the acute effects of these warm-up protocols on sprint speed and CMJ performance in team-sport athletes.




[bookmark: _Toc1546651756]Method
[bookmark: _Toc673964914]Participants
Fifteen male university team-sport athletes volunteered to participate in this study. However, due to incomplete data, thirteen participants were included in the final analysis. Participants were aged between 19 and 22 years (mean age = 20 years) and were actively engaged in regular training and competition within team-based sports. All participants were free from injury at the time of testing and provided informed consent prior to participation. Ethical approval for the study was obtained in accordance with institutional guidelines.

[bookmark: _Toc326336118]Study Design
A repeated-measures crossover design was employed to examine the acute effects of two different warm-up protocols (dynamic and plyometric) on measures of explosive performance. Each participant completed both experimental conditions across two separate testing sessions, with the order of conditions counterbalanced to minimize potential order effects. This design was selected to reduce inter-individual variability and increase the sensitivity of detecting differences between conditions (Hopkins, 2000).
Testing sessions were conducted one week apart under similar environmental conditions. Ambient temperature was recorded as 9.3°C during the first session and 7.9°C during the second session to ensure consistency between trials.




[bookmark: _Toc933772445]Warm-Up Protocols
[bookmark: _Toc1055770889]Standardized Initial Warm-Up
All participants completed a standardized warm-up prior to the experimental conditions. This consisted of two laps of a 3G artificial pitch followed by approximately three minutes of mobility exercises, including ankle circles (10 repetitions per side), hip circles (10 repetitions per side), bodyweight squats (10 repetitions), and walking lunges (8 repetitions at a controlled pace). This initial warm-up was designed to increase muscle temperature and prepare the neuromuscular system for subsequent activity, which has been shown to positively influence performance (Bishop, 2003).

[bookmark: _Toc470178758]Dynamic Warm-Up
Following the initial warm-up, participants completed a dynamic warm-up lasting approximately five minutes. The protocol consisted of a series of movement-based exercises performed over a marked distance on the pitch:
· High knees (2 repetitions) 
· Heel flicks (2 repetitions) 
· Straight leg march (2 repetitions) 
· Walking lunges with torso rotation (2 repetitions) 
· Side shuffles in a squat position (2 repetitions) 
· Leg swings (10 repetitions forward and side-to-side) 
Participants walked back to the starting line between repetitions to allow for brief recovery periods. All exercises were demonstrated prior to performance to ensure correct technique and consistency. Dynamic warm-ups have been shown to enhance performance through increased neuromuscular activation, improved range of motion, and heightened readiness for explosive movements (Behm and Chaouachi, 2011).

[bookmark: _Toc942361156]Plyometric Warm-Up
In the plyometric condition, participants completed an additional plyometric warm-up following the dynamic protocol. This included:
· Pogo jumps/ankle hops: 2 × 15 repetitions 
· Squat jumps (hands on hips): 2 × 6 repetitions 
· Split jumps (alternating legs): 2 × 8 repetitions 
· Bounds (performed over a marked distance): 2 repetitions 
· Lateral line hops (two feet): 2 × 15 repetitions 
These exercises were selected to acutely stimulate the neuromuscular system and enhance subsequent performance through mechanisms associated with post-activation performance enhancement (PAPE), which can improve force production and power output (Blazevich and Babault, 2019).

[bookmark: _Toc1209888153]Testing Procedure
Following completion of the dynamic warm-up, participants were divided into two groups. One group proceeded directly to countermovement jump (CMJ) testing, representing the dynamic-only condition. The second group remained on the 3G pitch to complete the plyometric warm-up before undergoing testing.
After completing initial testing, groups were rotated across the second testing session so that all participants completed both experimental conditions. This counterbalanced approach was used to minimize the influence of fatigue, learning effects, and order bias.
All testing procedures were standardized across both sessions, with consistent instructions and demonstrations provided prior to performance.

[bookmark: _Toc1770807027]Countermovement Jump (CMJ) Assessment
CMJ performance was assessed using a force platform to measure ground reaction forces. Due to participants wearing football boots with moulded studs, all jumps were performed in socks to ensure safety and consistency of contact with the force plate.
Participants were instructed to keep their hands on their hips throughout the movement to eliminate the influence of arm swing. They were also instructed to perform a continuous downward and upward motion without pausing at the bottom of the squat. This standardized technique is consistent with established protocols to ensure reliability of CMJ measurements (Marković et al., 2004). 
Each participant performed three maximal CMJ trials, with approximately 60–90 seconds of rest between attempts to minimize fatigue. The best trial was used for analysis. The following variables were recorded:
· Jump height 
· Peak force 
· Relative force (force/bodyweight) 
The CMJ is widely recognized as a valid and reliable measure of lower-body power and neuromuscular performance (Marković et al., 2004).

[bookmark: _Toc1444279828]Sprint Performance
Sprint performance was assessed over a distance of 20 meters using electronic timing gates. The sprint distance was measured prior to testing to ensure accuracy.
A motion-detection system was used at the start line, whereby timing was initiated when the participant’s foot moved away from the sensor. This method was used to eliminate the influence of reaction time associated with external starting cues, ensuring that recorded times reflected true sprint performance.
Participants completed three maximal sprint trials, with approximately 60–90 seconds of rest between attempts. The fastest time was recorded for analysis.

[bookmark: _Toc210699506]Reliability and Standardization
[bookmark: _Int_9fMSZiW8]All testing procedures were standardized across both sessions to ensure reliability of the collected data. The same equipment, testing environments, and protocols were used throughout. Environmental conditions were recorded, and participants received consistent instructions and demonstrations.
Standardization of testing procedures is essential in performance-based research to minimize measurement errors and improve the reliability of collected data (Atkinson and Nevill, 1998; Hopkins, 2000).




[bookmark: _Toc811252405]Results
[bookmark: _Toc1154508534]Normality Testing
Normality of the data was assessed using both the Kolmogorov–Smirnov and Shapiro–Wilk tests. Due to the relatively small sample size (n = 13), the Shapiro–Wilk test was considered the most appropriate measure of normality.
As shown in Table 1, all variables demonstrated normal distribution, with Shapiro–Wilk significance values exceeding the threshold of p > 0.05. Specifically, CMJ height (dynamic: p = .844; plyometric: p = .954), peak force (dynamic: p = .375; plyometric: p = .446), and sprint time (dynamic: p = .634; plyometric: p = .957) all met the assumption of normality.
[bookmark: _Int_aQBRQXo2]These findings indicate that the data did not significantly deviate from a normal distribution, therefore satisfying the assumptions required for parametric statistical analysis. As a result, paired samples t-tests were conducted to compare performance outcomes between the dynamic and plyometric warm-up conditions.

Table 1. Shapiro–Wilk Test of Normality for Performance Variables
	Variable
	Shapiro-Wilk Statistic
	p-value

	Dynamic CMJ Height
	.966
	.844

	Plyometric CMJ Height
	.976
	.954

	Dynamic Peak Force
	.933
	.375

	Plyometric Peak Force
	.939
	.446

	Dynamic Sprint Time
	.952
	.634

	Plyometric Sprint Time
	.976
	.957



[bookmark: _Toc1493669329]Descriptive Statistics
Descriptive statistics for all performance variables are presented in Table 2. Mean and standard deviation values were calculated for both dynamic and plyometric conditions across CMJ height, peak force, sprint time, and relative force.
For CMJ height, the dynamic condition produced a mean value of 38.46 cm (SD = 6.15), while the plyometric condition resulted in a slightly lower mean of 37.82 cm (SD = 5.53). This indicates a small numerical difference favoring the dynamic condition.
Peak force values were similar between conditions, with the dynamic condition producing a mean of 2174.53 N (SD = 316.98) and the plyometric condition producing a mean of 2169.95 N (SD = 282.38). The difference between conditions was minimal.
Sprint performance over 20 meters demonstrated nearly identical results between conditions. The dynamic condition produced a mean sprint time of 3.27 seconds (SD = 0.18), while the plyometric condition resulted in a mean of 3.28 seconds (SD = 0.21).
For relative force (force/bodyweight), the dynamic condition produced a mean of 24.66 N/kg (SD = 2.33), while the plyometric condition produced a mean of 24.63 N/kg (SD = 2.28). Again, only a negligible difference was observed between conditions.
Overall, descriptive statistics indicate minimal differences between the dynamic and plyometric warm-up conditions across all performance variables.

[bookmark: _Toc2034204634]Inferential Statistics
[bookmark: _Int_U2rPVPG9]Paired samples t-tests were conducted to examine differences between the dynamic and plyometric warm-up conditions across all measured variables (Table 2).
[bookmark: _Int_67rDcqT5][bookmark: _Int_H9GuG4It]No statistically significant differences were observed between conditions for any variable. CMJ height showed a mean difference of 0.639 (SD = 1.980), with no significant difference between conditions (t(12) = 1.164, p = .267). Similarly, peak force demonstrated a mean difference of 4.572 (SD = 98.734), with no significant difference (t(12) = 0.167, p = .870).
[bookmark: _Int_KsvhlZ61][bookmark: _Int_J1k4hVwc]Sprint performance also showed no significant difference between conditions, with a mean difference of -0.004 (SD = 0.097) (t(12) = -0.152, p = .882). Relative force followed the same trend, with a mean difference of 0.028 (SD = 0.943) and no statistically significant difference (t(12) = 0.106, p = .917).
Across all variables, p-values exceeded the significance threshold of p < 0.05, indicating that there were no statistically significant differences between the dynamic and plyometric warm-up conditions.

Table 2. Paired Samples t-Test Comparing Dynamic and Plyometric Warm-Up Conditions
	Variable
	Mean Difference (Dynamic – Plyometric)
	SD
	t
	df
	p

	CMJ Height
	0.639
	1.980
	1.164
	12
	.267

	Peak Force
	4.572
	98.734
	0.167
	12
	.870

	Sprint Time
	-0.004
	0.097
	-0.152
	12
	.882

	Relative Force
	0.028
	0.943
	0.106
	12
	.917



[bookmark: _Toc1436595314]Paired Samples Correlations
[bookmark: _Int_muRVPxZW]Paired samples correlations were conducted to examine the relationship between performance outcomes in the dynamic and plyometric conditions. As shown in Table 3, strong positive correlations were observed across all variables.
CMJ height demonstrated a very strong correlation between conditions (r = .948, p < .001), indicating a high degree of consistency in jump performance across both warm-up protocols. Similarly, peak force showed a strong positive correlation (r = .952, p < .001), suggesting consistent force production regardless of condition.
Sprint time also demonstrated a strong correlation (r = .895, p < .001), indicating that participants who performed well in one condition tended to perform similarly in the other. Relative force showed a strong positive relationship (r = .916, p < .001), further supporting the consistency of performance across conditions.
These findings indicate that individual performance remained highly consistent between the dynamic and plyometric warm-up conditions across all measured variables.

Table 3. Paired Samples Correlations Between Dynamic and Plyometric Conditions
	Variable
	N
	Correlation (r)
	p

	CMJ Height
	13
	.948
	< .001

	Peak Force
	13
	.952
	< .001

	Sprint Time
	13
	.895
	< .001

	Relative Force
	13
	.916
	< .001



[bookmark: _Toc1197795644]Discussion
[bookmark: _Toc667938505]Overview of Findings
The aim of this study was to compare the acute effects of dynamic and plyometric warm-up protocols on measures of explosive performance in team-based athletes. It was hypothesized that the plyometric warm-up would result in superior performance outcomes due to the potential influence of post-activation performance enhancement (PAPE). However, the findings of the present study did not support this hypothesis, as no statistically significant differences were observed between the dynamic and plyometric conditions across all measured variables, including countermovement jump (CMJ) height, peak force, relative force, and 20 m sprint performance.
The consistency of these findings across both descriptive and inferential statistics suggests that both warm-up protocols were similarly effective in preparing participants for explosive tasks. Furthermore, the strong correlations observed between conditions indicate that individual performance remained relatively stable regardless of the warm-up intervention. This may suggest that, within this sample, the type of warm-up had limited influence on acute performance outcomes, or alternatively, that both protocols were equally effective in eliciting the necessary physiological and neuromuscular responses.

[bookmark: _Toc1990768617]CMJ Performance
The absence of significant differences in CMJ performance between conditions suggests that the dynamic warm-up alone was sufficient to optimize neuromuscular readiness. This finding is consistent with previous literature, which has demonstrated that dynamic warm-ups can enhance performance through increases in muscle temperature, improved nerve conduction velocity, and enhanced motor unit recruitment (Bishop, 2003; Behm and Chaouachi, 2011).
One possible explanation for the lack of additional benefit in the plyometric condition is the presence of a ceiling effect. Following the dynamic warm-up, participants may have already reached an optimal level of physiological readiness, limiting the potential for further improvements in performance. McGowan et al. (2015) suggested that once an effective warm-up has been completed, the addition of further stimuli may result in diminishing returns, particularly when performance is already near maximal levels.
Although plyometric exercises are often associated with improvements in jump performance through PAPE mechanisms, the findings of this study did not demonstrate such effects. This may indicate that the conditions required to elicit potentiation were not fully achieved. The effectiveness of PAPE is highly dependent on factors such as intensity, volume, and recovery duration (Tillin and Bishop, 2009). If these variables are not optimally balanced, the effects of fatigue may outweigh any potential potentiation, resulting in no observable improvement in performance.
In addition, individual differences may have influenced the response to the plyometric protocol. Previous research has shown that stronger or more highly trained individuals are more likely to benefit from PAPE interventions (Seitz and Haff, 2016). As the participants in this study were university-level athletes with varying training backgrounds, it is possible that not all individuals were able to effectively utilize the potentiation stimulus provided.

[bookmark: _Toc347108414]Sprint Performance
Similar to the findings for CMJ performance, no significant differences were observed between conditions for sprint performance. This suggests that the dynamic warm-up alone was sufficient to prepare participants for short-distance sprinting tasks. The physiological benefits associated with dynamic warm-ups, including increased muscle temperature and enhanced neuromuscular activation, are likely to have contributed to this outcome (Bishop, 2003).
The lack of improvement in the plyometric condition may again be explained by the balance between fatigue and potentiation. While plyometric exercises can enhance performance through PAPE, they also introduce fatigue, particularly when performed immediately prior to testing. If adequate recovery time is not provided, this fatigue may negate any potential benefits (Tillin and Bishop, 2009). In applied settings, controlling this balance can be challenging, which may limit the effectiveness of plyometric warm-ups.
The sprint distance used in this study (20 m) may also help explain the findings. Short sprint distances primarily assess acceleration rather than maximal velocity, and it is possible that plyometric exercises may have a greater influence on later phases of sprinting. Turner et al. (2015) demonstrated improvements in sprint acceleration following plyometric activity; however, these effects may vary depending on protocol design and timing. Therefore, the lack of significant differences observed in this study may be partly due to the specific performance measure used.
Additionally, the use of a self-initiated sprint protocol, while beneficial in removing reaction time bias, may have introduced variability in starting technique. Although this approach increases ecological validity, it may reduce measurement sensitivity, potentially contributing to the absence of significant findings.

[bookmark: _Toc1950282733]Comparison with Previous Research
The findings of this study are broadly consistent with previous research examining the effects of dynamic warm-ups. Dynamic protocols have been shown to enhance performance across a range of measures, including sprinting and jumping (Little and Williams, 2006; Fletcher and Anness, 2007). The present study supports these findings, as performance outcomes following the dynamic condition were comparable to those observed following the plyometric condition.
However, research investigating plyometric warm-ups and PAPE has produced mixed results. Some studies have reported improvements in performance following plyometric or resistance-based conditioning activities (Chatzopoulos et al., 2007; Turner et al., 2015), while others have found minimal or no effect. The findings of the present study align with this latter body of research, suggesting that plyometric warm-ups do not consistently enhance acute performance.
[bookmark: _Int_0jIKiBjq]These inconsistencies highlight the complexity of PAPE as a phenomenon. Blazevich and Babault (2019) emphasized that the distinction between post-activation potentiation and post-activation performance enhancement is not always clear, and that performance outcomes are influenced by multiple interacting factors. This may explain why positive effects are often observed in controlled laboratory settings, but are less evident in applied environments such as the present study. 
While some studies have reported improvements in performance following dynamic or plyometric warm-ups, other research has demonstrated minimal or no significant effects. For example, Chaouachi et al. (2010) found that different warm-up protocols did not consistently improve sprinting, jumping, or agility performance. Similarly, Christensen and Nordstrom (2008) reported no significant changes in vertical jump performance following different stretching interventions. Samson et al. (2012) also observed minimal differences between warm-up strategies, suggesting that the type of warm-up may not always be the primary factor influencing performance outcomes. These findings support the results of the present study and highlight the inconsistency within the literature. It is therefore likely that the effectiveness of warm-up protocols is influenced by a combination of factors, including protocol design, individual characteristics, and the specific performance measures used.

[bookmark: _Toc1941695651]Methodological Considerations
When interpreting the findings of the present study, it is important to consider several methodological factors that may have influenced the results. Although the repeated-measures design strengthened the internal validity of the study, certain elements of the protocol may have limited the ability to detect significant differences between conditions.
One key consideration is the timing between the completion of the plyometric warm-up and performance tests. Previous research has demonstrated that the effectiveness of PAPE is highly dependent on recovery duration, with optimal performance improvements often occurring several minutes after the conditioning activity (Tillin and Bishop, 2009). In the present study, the transition between the plyometric protocol and testing may not have allowed sufficient time for fatigue to dissipate while potentiation effects remained, potentially reducing the likelihood of observing performance enhancements.
In addition, the intensity and volume of the plyometric exercises may not have been sufficient to elicit a strong potentiation response. While the exercises included were appropriate for a warm-up context, they may not have provided a stimulus of high enough magnitude to induce meaningful neuromuscular adaptations. This aligns with findings from Seitz and Haff (2016), who suggested that stronger conditioning stimuli are often required to produce significant PAPE effects.
[bookmark: _Int_MBKmE3M5]Another important factor is the variability in participant characteristics. Although all participants were team-based athletes, differences in strength levels, training history, and familiarity with plyometric exercises may have influenced individual responses to the intervention. This variability may have contributed to the lack of significant findings at a group level, as some participants may have experienced benefits while others did not.
Finally, the testing environment itself may have influenced performance outcomes. While efforts were made to standardize conditions, factors such as surface type, footwear, and environmental conditions (e.g. temperature) may have introduced additional variability. Although these factors are representative of real-world settings, they may reduce the sensitivity of performance measures compared to more controlled laboratory conditions.

[bookmark: _Toc1711949013]Interpretation of Findings in Applied Context
While the findings of this study did not demonstrate significant differences between warm-up protocols, it is important to consider these results within the context of applied sport settings. In practice, warm-ups are often constrained by time, space, and logistical factors, particularly in team-based environments. As a result, it may not always be feasible to implement complex or highly individualized warm-up protocols.
The results of this study suggest that simpler and more time-efficient warm-up strategies, such as dynamic protocols, may be equally effective as more complex approaches involving plyometric exercises. This has important implications for coaches and practitioners, as it indicates that effective performance preparation does not necessarily require the inclusion of additional high-intensity activities.
Furthermore, the findings highlight a potential gap between theoretical and practical applications of PAPE. While laboratory-based research often demonstrates performance enhancements following conditioning activities, these conditions are difficult to replicate in real-world settings. Factors such as individual variability, inconsistent execution, and limited recovery time may reduce the effectiveness of such interventions.
Therefore, practitioners should consider the practical constraints of their environment when designing warm-up protocols, rather than relying solely on theoretical benefits. A well-structured dynamic warm-up may provide a more reliable and efficient approach to preparing athletes for performance.

[bookmark: _Toc1077809469]Strengths and Limitations
A key strength of this study was the use of a repeated-measures crossover design, which allowed each participant to act as their own control. This approach reduces inter-individual variability and increases the reliability of the findings. Additionally, the use of objective measurement tools, including timing gates and force-based CMJ assessment, enhanced the accuracy of data collection.
However, several limitations should be acknowledged. The relatively small sample size (n = 13) may have reduced statistical power, increasing the likelihood of Type II error. Additionally, the inclusion of only male participants limits the generalizability of the findings.
The plyometric protocol used may also represent a limitation. As previously discussed, the effectiveness of PAPE is highly dependent on factors such as intensity and recovery duration. It is possible that the protocol used was not sufficient to elicit potentiation, which may explain the lack of observed effects.

[bookmark: _Toc1197803757]Future Research
Future research should aim to further investigate the conditions under which plyometric warm-ups may be most effective. This may include exploring variations in intensity, volume, and recovery duration, as well as examining the influence of individual characteristics such as strength and training experience.
Additionally, future studies could incorporate a wider range of performance measures, including longer sprint distances and change-of-direction tasks, to provide a more comprehensive assessment of performance. Expanding the sample to include female athletes and individuals of different competitive levels would also improve the generalizability of findings.

[bookmark: _Toc2041232159]Summary
In summary, the findings of this study indicate that dynamic and plyometric warm-up protocols produce similar acute effects on explosive performance in team-based athletes. The lack of significant differences suggests that the addition of plyometric exercises did not provide any meaningful performance advantage. These findings highlight the importance of considering both physiological and practical factors when designing warm-up protocols, as theoretical benefits may not always translate directly into applied sport settings.




[bookmark: _Toc474161861]Conclusion
This study aimed to compare the acute effects of dynamic and plyometric warm-up protocols on measures of explosive performance in team-based athletes. It was hypothesized that the plyometric warm-up would result in superior performance outcomes due to the potential influence of post-activation performance enhancement (PAPE). However, the findings of the present study did not support this hypothesis, as no statistically significant differences were observed between the two conditions for sprint performance, countermovement jump (CMJ) height, peak force, or relative force.
The results suggest that both warm-up protocols were similarly effective in preparing athletes for explosive performance tasks. This may be explained by the effectiveness of the dynamic warm-up alone, which has been shown to increase muscle temperature, enhance neuromuscular activation, and improve movement efficiency. As a result, participants may have already reached an optimal level of readiness prior to testing, limiting the potential for additional benefits from the plyometric intervention.
Furthermore, the lack of improvement in the plyometric condition may be attributed to factors influencing PAPE, such as the balance between fatigue and potentiation. If the plyometric exercises did not provide a sufficient stimulus, or if recovery timing was not optimal, any potential performance benefits may not have been realized. In addition, individual characteristics such as training status may have influenced responsiveness to the plyometric protocol.
These findings have practical implications for athletes and coaches, suggesting that a well-structured dynamic warm-up may be sufficient for enhancing acute performance in team-sport settings. While plyometric exercises remain valuable for long-term training adaptations, their inclusion within a warm-up should be carefully considered depending on the context and individual athlete's characteristics.
In conclusion, this study contributes to the existing body of literature by directly comparing dynamic and plyometric warm-up strategies across multiple performance measures. Future research should continue to explore the conditions under which plyometric warm-ups may be most effective, particularly in relation to exercise intensity, recovery duration, and athlete training status.
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Paired samples t-test and correlations from data analysis software SPSS
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[bookmark: _Toc1103277544]Warm-up Protocols
C1. Generic Warm-Up (5 minutes)
· 2 minutes: Light jog around pitch 
· 3 minutes: Mobility exercises 
· Ankle circles (10 each direction) 
· Hip circles (10 each direction) 
· Bodyweight squats (10 repetitions) 
· Walking lunges (8 repetitions at an easy pace) 

C2. Dynamic Warm-Up (5–6 minutes)
Each exercise was performed over a set distance, with a slow walk back recovery between repetitions.
· High knees (2 repetitions) 
· Heel flicks (2 repetitions) 
· Straight leg march (2 repetitions) 
· Walking lunges with rotation (2 × 10 steps, alternating sides) 
· Side shuffles in a squat stance (2 repetitions) 
· Leg swings (10 forward and 10 lateral per leg, using support if required) 

C3. Plyometric Warm-Up (5–6 minutes)
Participants were instructed to focus on movement quality rather than maximal effort, with emphasis on soft landings and knee alignment over the toes. A rest period of approximately 20 seconds was provided between sets.
· Pogo jumps (ankle hops): 2 × 15 repetitions 
· Squat jumps (hands on hips): 2 × 6 repetitions 
· Split jumps (alternating legs): 2 × 8 repetitions 
· Bounds (controlled, non-maximal): 2 repetitions 
· Lateral line hops (two feet together): 2 × 15 repetitions

[bookmark: _Toc158746910]Appendix D:
Informed consent given to and filled out by each participant
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Tests of Normality

Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig
Dynamic CMJ Height 110 13 2007 966 13 844
Plyometric CMJ Height 109 13 200" 976 13 954
Dynamic Peak Force 153 13 2007 933 13 375
Plyometric Peak Force 134 13 200 939 13 445
Dynamic Sprint Time 125 13 2007 952 13 634
Plyometric Sprint Time 13 13 200" 976 13 957

*.This is a lower bound of the true significance.
a. Lilliefors Significance Correction
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Paired Samples Correlations

Significance
N Correlation One-Sidedp Two-Sided p
Pair1  Dynamic CMJ Height & 13 948 <.001 <001
Plyometric CMJ Height
Pair2  Dynamic Peak Force & 13 952 <001 <001
Plyometric Peak Force
Pair3  Dynamic Sprint Time & 13 895 <001 <001
Plyometric Sprint Time
Pair4  Dynamic Force/Bodyweight 13 916 <001 <.001
& Plyometric
Force/Bodyweight
Paired Samples Test
Paired Differences Significance
95% Confidence Interval of the
Difference
Mean Std. Deviation _ Std. Error Mean Lower Upper t df One-Sided p  Two-Sided p
Pair1  Dynamic CMJ Height - 63923 1.98039 54926 -55751 1.83597 1164 12 134 267
Plyometric CMJ Height
Pair2  Dynamic Peak Force - 457231 98.73379 27.38383 -55.09193 64.23654 167 12 435 870
Plyometric Peak Force
Pair3  Dynamic Sprint Time - -.00408 09690 02687 -.06263 05448 -152 12 A4 882
Plyometric Sprint Time
Pair4 Dynamic Force/Bodyweight 02769 94291 26152 54210 59749 106 12 459 917

- Plyometric
Force/Bodyweight





