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A B S T R A C T 

Objective Post-activation potentiation (PAP) warm-up has been proposed as an 

effective strategy to enhance athletic performance and muscular power. This study 

aimed to investigate the effects of a plyometric-based PAP warm-up on hand and 

pelvis linear velocity during the execution of a gyaku-zuki punch in male karate 

athletes. 

Methods In this quasi-experimental study, 19 male karate athletes completed two 

warm-up protocols, including a standard warm-up and a standard warm-up combined 

with a PAP protocol consisting of tuck jumps. Kinematic data were collected using a 

three-dimensional motion capture system. The assessed variables included maximum 

and mean hand and pelvis velocity, reaction time, punch frequency, and fatigue rate. 

Results The PAP protocol significantly increased maximum hand velocity (Δ = 0.098 

m/s, p = 0.045), maximum pelvis velocity (Δ = 0.010 m/s, p = 0.031), and fatigue rate 

(Δ = 0.642, p = 0.040), while significantly reducing reaction time (Δ = −0.010 s, p = 

0.039). A significant positive correlation was observed between changes in maximum 

pelvis velocity and maximum hand velocity (r = 0.537, p = 0.018). No significant 

differences were found in mean velocity or punch frequency (p > 0.05). 

Conclusion Compared with the traditional warm-up, the PAP-based plyometric 

warm-up enhanced peak pelvis and hand velocity and improved reaction time during 

the gyaku-zuki punch. Although the protocol increased fatigue rate, its performance-

enhancing effects suggest that it may serve as a practical strategy for optimizing 

explosive performance and designing individualized warm-up programs for short-

duration karate competitions. 
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1. Introduction 

Karate is one of the most popular martial arts worldwide and is characterized by fast, precise, and 

coordinated movements of both the upper and lower extremities. Success in this sport depends not only on 

physical strength and endurance but also on precise neuromuscular coordination (1). In competitive kumite, 

punches are primarily used to score points and are executed in a controlled and rapid manner to minimize 

harm to the opponent. Among hand techniques, the gyaku-zuki (reverse punch) is recognized as one of the 

most effective and frequently used techniques (2). This technique is considered one of the most important 

striking techniques in karate, and its successful execution requires efficient force transfer from the lower 

to the upper body. Force generation begins in the legs and is transmitted through the pelvis, trunk, and 

shoulder before reaching the arm. This sequence represents a classic example of the kinetic chain, in which 

pelvis rotation contributes to increasing the final hand velocity, a factor of particular importance in short-

duration explosive matches (3). 

Although karate is generally considered a relatively safe sport, its contact and explosive nature expose 

athletes to various injuries involving both the upper body, such as the shoulder and elbow, and the lower 

body, such as the ankle and knee (4). To reduce injury risk, neuromuscular training programs that 

incorporate flexibility, strength, balance, and plyometric exercises are considered essential (5). 

Proprioceptive and balance-based interventions have been shown to reduce the risk of anterior cruciate 

ligament injury in young and novice athletes by as much as 50% (6). Furthermore, regular training 

programs that include warm-up, cool-down, and targeted stretching are regarded as important components 

of physical preparation for martial artists (7). 

An active warm-up prior to training or competition is commonly performed to increase blood flow, oxygen 

delivery to muscles, flexibility, and motor coordination. Research has demonstrated that active warm-up 

protocols provide greater benefits than passive warm-up and may reduce injury incidence in contact sports 

(8, 9). However, stretching exercises, particularly when performed before explosive activities, may reduce 

muscle strength and power by 5–10% (10). Consequently, post-activation potentiation (PAP) protocols 

have gained considerable attention as an alternative strategy for enhancing performance (11, 12). PAP 

involves maximal or near-maximal contractions, including isometric, dynamic, and plyometric exercises, 

to facilitate motor unit recruitment, increase muscle power, and improve explosive athletic performance 

(13). Proposed mechanisms underlying PAP include phosphorylation of myosin regulatory light chains and 

enhanced neural activation, resulting in improved force production (14). 

Plyometric exercises utilize the stretch-shortening cycle to enhance force production capacity, increase 

contraction velocity, and reduce the time required to generate force throughout the range of motion (15, 

16). These characteristics are particularly relevant to karate punching techniques, which require precise 

neuromuscular coordination and efficient transfer of body-generated torque (17). Previous studies have 

reported that plyometric exercises can improve reaction time (18). In combat sport athletes, PAP-based 

plyometric protocols have also been shown to influence punch or kick performance variables, while no 

significant changes in fatigue rate have been observed (19). Therefore, combining active warm-up 

procedures with PAP-based plyometric exercises may provide an effective approach for enhancing 

explosive performance. 

Despite growing interest in PAP interventions, limited information is available regarding their effects on 

the kinematic characteristics of karate punching performance, particularly the contribution of pelvis motion 

within the kinetic chain. Therefore, the present study aimed to investigate the effects of a PAP-based 

plyometric warm-up on hand and pelvis linear velocity, reaction time, punch frequency, and fatigue rate 

during the execution of the gyaku-zuki punch in male karate athletes. The findings may provide useful 

information for coaches and athletes when designing warm-up strategies for short-duration karate 

competitions. 

2. Methods 

This quasi-experimental study employed a pre-test–post-test design to investigate the effects of a 

plyometric post-activation potentiation (PAP) protocol on gyaku-zuki punch kinematics in male karate 

athletes. The study was conducted in 2025 at the Biomechanics Laboratory of the Faculty of Rehabilitation 

Sciences, Tabriz University of Medical Sciences, Tabriz, Iran. Participants completed three sessions, 

including one familiarization session and two experimental sessions separated by 48–72 hours. The 
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experimental conditions consisted of: (1) a standard warm-up followed by the execution of the gyaku-zuki 

punch, and (2) a PAP protocol consisting of a standard warm-up combined with three sets of five maximal 

two-leg tuck jumps, followed by the execution of the gyaku-zuki punch. Kinematic variables, including 

maximum and mean velocity of the hand and pelvis, reaction time, punch frequency, and fatigue rate, were 

measured and analyzed using a three-dimensional motion capture system. Based on a G*Power analysis 

(version 3.1.9.4, Heinrich Heine University Düsseldorf, Germany), assuming an effect size of d = 0.60, a 

statistical power of 0.80, and α = 0.05, a sample size of 19 participants was required (20). 

Nineteen Shotokan karate athletes were recruited through cooperation with the national karate federation 

and the provincial karate board. Inclusion criteria were male sex, right-handedness confirmed by the 

Edinburgh Handedness Questionnaire, absence of any medical condition limiting physical activity, 

engagement in at least 150 minutes of moderate-intensity physical activity per week, and age between 18 

and 25 years. Exclusion criteria included any musculoskeletal injury, use of supplements or performance-

enhancing substances during the previous six months, and participation in additional organized sports 

activities outside the study protocol. All participants received a detailed explanation of the study procedures 

and voluntarily signed an informed consent form before participation. The study protocol was approved by 

the Ethics Committee of Tabriz University of Medical Sciences (IR.TBZMED.REC.1403.908). 

Punch kinematics were recorded using a three-dimensional motion capture system consisting of nine 

infrared cameras (Kestrel 2200, Motion Analysis Corporation, Santa Rosa, CA, USA) with a sampling 

frequency of 340 Hz (21). Fifty-six passive reflective markers (14 mm diameter) were attached to 

prominent anatomical landmarks (Fig. 1). Markers were placed on the first and fifth metatarsophalangeal 

joints, heels, malleoli, femoral epicondyles, anterior superior iliac spines, iliac crests, acromial processes, 

jugular notch, xiphoid process, humerus, radius, ulna, and the second and fifth metacarpals. Additional 

cluster markers were attached to the thighs and shanks (22). The system was calibrated before each testing 

session, yielding an average calibration error of less than 1 mm. Data collection was performed under 

controlled laboratory conditions (23 ± 1°C and 42 ± 2% relative humidity). Raw kinematic data were 

processed using Cortex software (version 7.2.16, Motion Analysis Corporation) and filtered with a fourth-

order low-pass Butterworth filter with a cutoff frequency of 12 Hz. A six-degree-of-freedom biomechanical 

model was constructed in Visual3D software (version 6.01, C-Motion Inc., USA) based on a static 

calibration trial (19). Joint angles were calculated using the Cardan-Euler rotation sequence (Y-X-Z) 

according to International Society of Biomechanics (ISB) recommendations (23). 

Specific marker sets were used to model different body segments. As shown in Fig. 2, the distal hand 

segment was defined using the second and fifth metacarpal markers, whereas the proximal segment was 

defined using the radius and ulna markers (22). Pelvis modeling was performed according to the CODA 

protocol, in which the pelvis was represented as a triangular structure. The vertices of this triangle consisted 

of the left and right anterior superior iliac spine markers and a posterior midpoint marker. Iliac crest 

markers were additionally used to improve tracking accuracy (24). 

 

  
 

Fig. 1. Schematic view of the marker placement on the body and target configuration in the static position for 

recording kinematic data 
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Fig. 2. Marker placement and 3D modeling of the whole body, simulation of the pelvis as a triangle, the origin of the 

axes, and the orientation of the local coordinate system axes based on the CODA protocol 

 

 

 
Fig. 3. Gyaku-zuki punching style for study participants: Left foot forward, right foot back at a distance twice the 

shoulder width, rear heel on the ground, left knee bent at a 90-degree angle, kneecap aligned with the toes; the punch 

is delivered between the navel and the xiphoid process. 

 

The onset and termination of each punch were identified from the wrist velocity–time curve using a 

threshold of three standard deviations above baseline velocity. Reaction time was defined as the interval 

between the auditory stimulus and the onset of right wrist movement (25, 26). For each punch cycle, mean 

punch velocity and peak punch velocity were calculated, and the highest value obtained by each participant 

was selected for analysis. Punch frequency was defined as the number of successful punches performed 

within a specified time interval. A successful punch was defined as a complete punch cycle in which the 

elbow reached maximal extension. Fatigue rate (FR) was calculated using the successful punch counts 

obtained across multiple sets (Equation 1). This index quantifies the decline in performance across 

successive sets, with higher values indicating greater fatigue accumulation (27). 

Equation 1 

 

𝐹𝑅 % = (1 −
𝑁1 + 𝑁2 + 𝑁3 + 𝑁4 + 𝑁5

max 𝑁 × 5
) × 100 
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Where: 

N = number of successful punches in each set 

max N = highest number of successful punches recorded among all sets 

Participants completed three testing sessions. All sessions were conducted between 8:00 and 10:00 a.m. to 

correspond with common competition schedules and to minimize potential circadian influences. During 

the familiarization session, study procedures were explained, informed consent forms were completed, and 

anthropometric measurements including body mass, height, and body mass index were recorded. To assess 

baseline upper-body strength and verify participant homogeneity, a one-repetition maximum (1RM) bench 

press test was administered. The bench press was selected because of its similarity to the muscle activation 

patterns involved in the gyaku-zuki punch. The 1RM assessment followed the guidelines of the National 

Strength and Conditioning Association (NSCA). Previous studies have reported reliability coefficients 

greater than 0.94 for this procedure (28). 

The second session was conducted 48–72 hours later. Participants first completed a standard warm-up 

consisting of five minutes of light jogging (RPE = 3/10), dynamic stretching exercises, and kumite-specific 

technical drills (29). Following the warm-up, kinematic data were recorded during gyaku-zuki punch 

performance. The testing protocol consisted of five 10-second sets of maximal-intensity punching 

separated by 10-second rest intervals (19). Punching commenced following an auditory signal. Target 

height was adjusted to shoulder level, and the punching distance was individualized according to each 

participant’s arm length (24). As illustrated in Fig. 3, participants adopted the zenkutsu-dachi stance, with 

the feet positioned approximately twice shoulder width apart, 60% of body weight distributed on the front 

leg and 40% on the rear leg, and the front knee aligned with the toes (30). The punching technique was 

standardized for all participants and consisted of a straight reverse punch directed between the navel and 

xiphoid process levels (31). 

The third session began with the same standard warm-up procedure followed by the PAP protocol. 

Participants performed three sets of five maximal tuck jumps with one minute of recovery between sets 

(Fig. 3). Technical criteria including knee elevation to pelvis height, maintenance of landing position, and 

proper body alignment during the jumps were monitored throughout the protocol (32). Following 

completion of the PAP intervention, participants rested for five minutes before repeating the punch testing 

procedure under identical conditions to those used in the second session. This design allowed direct 

comparison between baseline performance and performance following the PAP stimulus (Fig. 4). 

Statistical analyses were performed using SPSS software (version 26.0, IBM Corp., Armonk, NY, USA). 

Data normality was assessed using the Shapiro–Wilk test. Paired-samples t-tests were used to compare 

dependent variables before and after the intervention. Pearson correlation coefficients were calculated to 

examine the relationships between changes in pelvis velocity and corresponding changes in punch velocity 

and reaction time. Statistical significance was set at p < 0.05. 

 

 
Fig. 4. Procedures of the study protocol: 1) Familiarization with equipment and one-repetition maximum (1RM) 

bench press, 2) Execution of gyaku-zuki punch after general warm-up, 3) PAP intervention followed by the 

execution of gyaku-zuki punch. 

 

1 2 
3 
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3. Results 

The demographic characteristics of the participants, including age, height, weight, body mass index, 1RM, 

and training experience, are presented in Table 1. 

As shown in Table 2, paired-samples t-test results revealed significant differences between the pre-test and 

post-test conditions for several variables. Fatigue rate increased significantly following the intervention 

(mean difference = 0.642, p = 0.040). Significant increases were also observed in peak pelvis velocity 

(mean difference = 0.010 m/s, p = 0.031) and peak hand velocity (mean difference = 0.098 m/s, p = 0.045). 

In addition, reaction time decreased significantly after the intervention (mean difference = −0.010 s, p = 

0.039). No significant differences were found for punch frequency, mean pelvis velocity, or mean hand 

velocity (p > 0.05). Pearson correlation analysis demonstrated a significant positive correlation between 

changes in peak pelvis velocity and changes in peak hand velocity (r = 0.537, p = 0.018).  

4. Discussion 

The findings of this study showed that the use of the PAP technique with a maximal tuck jump protocol 

significantly increased peak hand and pelvis velocity during the gyaku-zuki punch and improved reaction 

time compared with traditional warm-up exercises in the participants. Warm-up protocols are different and 

depend on the situation, but their main goal is to improve athletic performance and reduce the risk of injury. 

This is achieved through physiological mechanisms such as optimizing oxygen consumption, increasing 

muscle metabolism, inducing post-activation potentiation, as well as increasing tissue tensile tolerance and 

improving energy absorption (29). The potential mechanism for improving peak velocity in hand and pelvis 

movement following this technique can be explained by increased calcium ion sensitivity in myocytes, 

thereby increasing fast-twitch muscle contraction efficiency. Furthermore, the plyometric nature of the 

jumping exercise facilitates the recruitment of fast-twitch muscle fibers and accelerates neural activation, 

ultimately leading to the recruitment of more motor units and improved punching performance (28). 

The results of one study showed that a single set of plyometric jumping exercises significantly increased 

jump height and power. In contrast, a multi-set protocol (three sets of 10 repetitions) with a 15-second 

interval produced no improvement in jump performance. It seems that the reason for the failure of the 

multi-set protocol in that study was the short recovery period following the stimulus. The researchers 

attributed the failure of the multi-set protocol to metabolic fatigue caused by the longer exercise duration 

(approximately 70 seconds). However, interestingly, in the present study, a multi-set protocol with similar 

rest intervals led to improvements. A possible explanation for this discrepancy is the lower training volume. 

Fewer repetitions (5 vs. 10) may prevent fatigue accumulation while still preserving the benefits of 

neuromuscular activation (33). 

Table 1. Demographic characteristics of study participants and normality assessment of data using the Shapiro-Wilk 

test (n=19) 
Variable Mean ± SD Shapiro-Wilk 

Age (years) 21.37 ± 2.36 0.60 

Height (cm) 181.50 ± 3.06 0.44 

Weight (kg) 71.74 ± 2.07 0.82 

Body mass index (kg/m²) 21.78 ± 0.51 0.52 

One-repetition maximum (kg) 63.05 ± 4.50 0.13 

Experience (years) 6.21 ± 1.75 0.72 

Table 2. Mean ± SD of study variables at pre-test and post-test, together with the results of paired-samples t-tests and 

effect size estimates. 

Variable (Unit) Pre-test  Post-test  t p Cohen's d Cohen's dz (95% CI) 

Peak right hand velocity (m/s) 5.16 ± 1.14 5.26 ± 1.16 2.160 0.045* 0.509 0.031, 0.987 

Mean right hand velocity (m/s) 1.74 ± 0.33 1.78 ± 0.35 1.268 0.221 0.299 -0.161, 0.759 

Reaction time (s) 0.35 ± 0.05 0.34 ± 0.04 -2.224 0.039* -0.524 -1.004, -0.045 

Peak pelvis velocity (m/s) 0.46 ± 0.06 0.47 ± 0.07 2.340 0.031* 0.552 0.069, 1.034 

Mean pelvis velocity (m/s) 0.19 ± 0.02 0.18 ± 0.03 -1.243 0.230 -0.293 -0.752, 0.166 

Punch frequency (count) 16.64 ± 2.64 16.92 ± 2.75 0.654 0.522 0.154 -0.298, 0.606 

Fatigue rate (% drop in count) 9.18 ± 2.47 9.82 ± 2.81 2.213 0.040* 0.522 0.042, 1.001 

*Note. Values are presented as mean ± SD. Significant differences are indicated by an asterisk (p < 0.05). 
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According to reports, the peak PAP effect usually occurs 3–4 minutes after plyometric exercises and at 

least 5 minutes after resistance exercises (34). However, some studies, such as the research by Cui et al. 

(2024), reported peak performance approximately 12 minutes after the intervention. This inconsistency in 

findings can be attributed to the high training volume (three sets of squats at 85% of 1RM). High volume 

likely delays the time course of the peak PAP effect by inducing greater fatigue. Also, differences in 

execution speed and type of kinetic chain are worth considering. This study used maximum jump speed, 

whereas evidence suggests that executing the protocol at 80% of maximum speed may yield better results 

than 90%. This indicates that the intensity of the PAP stimulus does not have a simple linear relationship 

with the functional response, and there is likely an optimal point for each individual (35). 

Many martial arts studies, relying on an individual approach, emphasize the direct involvement of the hands 

and feet in training protocols to directly improve performance (36–38). In contrast, the present study 

focused on the pelvis as a vital link between the lower and upper extremities, based on the principle of the 

kinetic chain and the importance of trunk rotation during punching. However, more direct protocols, such 

as the study by Aandahl et al. (2015), which used resistance band training (2 sets of 10 repetitions), showed 

better functional outcomes than the findings of the present study. The mechanism of action of elastic bands 

is likely the increased force production throughout the entire range of motion. Also, using bands without 

disrupting punch technique may make force transfer more efficient. These characteristics may explain the 

better performance of martial artists with the band-based protocol compared with the jumping protocol 

used in the present study (36). 

In the study by Sharma et al. (2018), both strength (squat at 90% of 1RM) and plyometric 

(countermovement jump) protocols significantly improved jump height and sprint time. The plyometric 

protocol also led to an increase in peak velocity. Nevertheless, the results showed that plyometrics had a 

relative superiority (39). A possible explanation is lower fatigue with this method, as strength training may 

be associated with greater accumulation of metabolites such as lactate and reduced muscle energy levels 

(40). In contrast, some studies have reported no significant difference between the effects of these two 

methods. A possible explanation for these discrepancies is insufficient training load or specific 

characteristics of the protocols used. These discrepancies emphasize the complexity of selecting an optimal 

protocol and the importance of paying attention to individual factors and the demands of the sport (41, 42). 

Contrary to expectations, punch frequency did not change significantly after applying the PAP protocol in 

this study. This result is consistent with some previous research on combat athletes (19, 43). A possible 

explanation is the dynamic balance between two physiological phenomena: on one hand, fatigue resulting 

from acute activity can temporarily reduce neuromuscular function and have an inhibitory effect on the 

speed of repetitive movements. On the other hand, the PAP mechanism increases the potential for force 

production. It seems that under these conditions, the positive effects of PAP and the negative effects of 

fatigue cancel each other out, leaving punch frequency unchanged. Given the use of the plyometric protocol 

in this study, it appears that this method can be used as a practical, low-risk strategy in specific warm-ups 

prior to performing karate skills, without negatively affecting the rhythm and frequency of the martial 

artist’s punches. 

Another notable finding of this study was the increase in fatigue rate following the plyometric exercises. 

Unlike some previous findings in combat sports (19), this result indicates that although punch frequency 

did not change significantly (p = 0.522), the plyometric protocol imposed a considerable physiological load 

on the neuromuscular system. This additional load may manifest as a reduced ability to produce maximal 

power during consecutive repetitions. However, given the nature of karate competitions, which are 

designed around short-duration, high-intensity actions, the observed increase in fatigue rate may not have 

a noticeable impact on overall competitive performance. In other words, although plyometric exercises 

increase fatigue, within the short time frame of karate competitions this effect may not be sufficient to 

negate the benefits of enhanced neuromuscular activation. 

It seems that PAP exercises in a plyometric format, while imposing a significant physiological load on the 

neuromuscular system and increasing fatigue rate, can also provide important performance advantages such 

as improved reaction time. This improvement likely arises from two main pathways: first, facilitation of 

neural signal conduction and motor unit recruitment, leading to increased coordination and efficiency of 

the neuromuscular system. These observations are consistent with the idea that when a motor response 

closely resembles previously practiced patterns, its execution speed increases (44). Second, the preferential 

effect of PAP on type II fast-twitch muscle fibers. In response to plyometric training, these fibers 

experience biochemical changes such as phosphorylation of myosin regulatory light chains, which 
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increases their sensitivity to calcium and consequently their contraction efficiency (45). Subsequently, 

more effective utilization of these fibers becomes possible, ultimately leading to a significant improvement 

in reaction time. In summary, although these exercises come with a cost in the form of fatigue, their 

benefit—faster reaction time—can be a decisive advantage in competitive karate situations where victory 

sometimes depends on the speed and accuracy of an explosive movement. Therefore, careful planning and 

intelligent timing of these exercises in the training routine are of particular importance for maximizing 

benefits and minimizing the effects of fatigue. 

The present study has several limitations that affect the generalizability of the results. First, participants 

were selected only from male karate athletes; therefore, generalizing the findings to female athletes requires 

caution. Second, the fatigue rate was calculated based on changes in successful punch performance across 

repeated sets, and objective physiological indicators such as lactate levels or surface electromyography 

were not directly measured, which limits a more comprehensive analysis of fatigue. Third, the PAP 

protocol was implemented in a controlled laboratory setting with a fixed recovery interval (5 minutes), 

which may differ from the dynamic and variable conditions of an actual competition. Also, due to the lack 

of a randomized and counterbalanced design for the order of warm-up conditions (traditional and PAP), 

there is a possibility that factors such as cumulative fatigue or learning effects influenced the results. It is 

recommended that in future studies, the order of conditions be determined using a randomized method to 

minimize the effects of these confounding factors.  

5. Conclusion 

Plyometric warm-up based on PAP significantly increased peak linear velocity of the hand and pelvis in 

the gyaku-zuki punch and improved reaction time in male karate athletes. This protocol appears to be a 

practical and effective strategy for optimizing explosive performance in short-duration competitions and 

may provide a basis for designing personalized training programs. 
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