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Abstract: The purpose of the present study was to investigate the effect of post-activation 

performance enhancement (PAPE) induced by eccentric half-squat exercise on vertical jump 

performance in male jumpers. The jumping height, peak power, and work were measured and 

evaluated in twenty male jumpers. Participants performed five eccentric half-squats at 85% of their 

one-repetition maximum (1 RM), with a knee angle below 90°, followed by immediate and 2min 

delayed jump assessments using Squat Jump (SJ) and Countermovement Jump (CMJ) tests. Results 

showed that this specific PAPE protocol did not significantly improve jump performance for both 

SJ and CMJ tests. Factors such as stimulus specificity, rest intervals, muscle length, and the balance 

between potentiation and fatigue may explain these results. The study highlights the complexity of 

PAPE responses and suggests that a single set of eccentric squats with a short rest may not improve 

jump performance in male jumpers. Further research is required to optimize the interplay between 

conditioning stimulus and rest periods to maximize PAPE effects in athletic performance 

enhancement. 

Keywords: post-activation performance enhancement; eccentric half-squat; squat jump; 

countermovement jump; jumping height; rest 

 

1. Introduction 

Several training methods are effective in increasing muscular power and improving athletic 

performance. Post-activation potentiation enhancement (PAPE) has been suggested as a means to 

acutely enhance short-duration athletic performance that relies on maximal power production. It 

refers to the acute improvement in muscular function based on its contractile history, strongly 

influenced by factors including muscle temperature changes, intramuscular fluid accumulation and 

muscle activation [1,2]. The conditioning stimulus to induce PAPE can be achieved through different 

methods and modes of activities, including isometric exercises, medium or heavy resistance 

conditioning, and plyometrics, leading to a higher rate of force development or greater jumping 

height [3,4], and sprint performance [5,6]. Male elite rugby players experienced a 5% increase in 

jumping height [7], and male adolescent soccer players showed a significant improvement in 

repeated sprint performance after performing loaded back squats [8]. Even in young female soccer 

players, combined balance and strength training acted as an effective PAPE stimulus to enhance 

jumping performance [9]. These findings highlight the potential impact of PAPE on sports activities 

with high power demands. 
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Isometric exercises have been effective in triggering PAPE responses, especially in individuals 

with high-strength capabilities [1]. A previous study suggested that 15 short, intermittent, and 

repetitive maximal voluntary contractions (MVC) provide the most effective isometric stimulus to 

induce PAPE [10]. A 3x3 s stimulus of isometric half-squat led to increased jumping performance due 

to a greater rate of force development in trained individuals [1]. Additionally, plyometric exercises 

effectively produce acute improvements in countermovement jump and sprint performance [11]. 

They may even offer similar benefits compared to high-loaded resistance exercises when used as 

conditioning activities by recreational athletes before running [12]. Determining the best interaction 

between conditioning stimulus and rest period is a determined factor in PAPE responses [13]. This 

interaction depends on several factors, such as the type, the intensity of stimulus, and the training 

background of the participants. 

The high-loaded resistance stimulus typically involves multi-joint free-weight exercises with 

loads exceeding 85%, which has gained widespread popularity as a potential effective stimulus, to 

enhance strength and power performance due to PAPE. Such loading of the muscle-tendon system 

is known to enhance subsequent higher-velocity exercises like sprints or vertical jumps [14,15]. A 

previous study has shown that back squats enhanced jumping height and power production during 

countermovement jumps, particularly among international sprint swimmers [16]. Similarly, in rugby 

players, PAPE was observed after squats at nearly twice their body weight [7]. Additionally, 

significant increases in countermovement jump height were reported, attributed to greater muscular 

activity in the gluteus during parallel squats [17]. On the contrary, a recent study found that eccentric 

and concentric squats did not impact final countermovement jump performance in track and field 

athletes [18]. Despite the efficacy of high-loaded exercises in inducing the PAPE effect, their practical 

applicability remains uncertain. The data on the effects of strength exercises on subsequent jump 

performance, particularly the interaction between the type of stimulus and optimal rest periods to 

maximize power, are limited and warrant further investigation. 

Trained athletes specializing in jumping events and sprinting often include plyometrics and 

heavy resistance training in their workout routines. These athletes usually show neural activation, 

architectural features, and a higher proportion of fast muscle fibers, all influencing their power 

production during athletic events. Chronic resistance training increases their resistance to fatigue 

through improved buffering capacity [19,20] and increased protection against skeletal muscle 

damage [21]. Consequently, it is reasonable to assume that conditioned athletes experience less 

fatigue than non-athletes, leading to the likelihood of the PAPE effect occurring closer to the 

conditioning stimulus. On the other hand, athletes with predominantly fast-twitch fibers might be 

negatively impacted by short rest periods between the conditioning stimulus and their athletic 

performance due to the limited fatigability of these fibers. From a practical standpoint, rest periods 

of 2 to 5min highly align with the common rest period provided to finalists during jumping events. 

The research hypothesis of the present study was that eccentric conditioning activity could lead 

to an increase in the performance of jumping ability after a short rest period. Hence, the primary aim 

of this research was to assess the impact of PAPE induced by the half-squat exercise on the vertical 

jumping performance (including jump height, peak power, and work) in male jumpers, utilizing a 

brief rest interval.  

2. Materials and Methods 

2.1. Participants 

A power analysis using G*Power software guided our study's sample size determination. The 

analysis was based on a repeated measures ANOVA design, with effect Size: 0.35, number of 

conditions: 2 (intervention and control), number of measures: 3 (PRE, POST1, and POST2), correlation 

Among Repeated Measures: 0.6 (Estimated by ICC). The power analysis recommended a sample size 

of 20 participants to achieve 97% statistical power. Twenty male athletes (age: 21.2 ± 1.7 years, height: 

191.1 ± 3.3 cm, body mass: 81.56 ± 7.3 kg) with a minimum of 12 training hours per week, signed 

informed consent before their inclusion in the study. All the participants were athletes of jumping 
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events in track and field (12 long jumpers and 8 high jumpers). Approval for the experiment was 

obtained from University Ethics Committee on Human Research (ERC-008/2020). None of the 

participants were involved in any particular strength and/or plyometric training program four days 

before the experimental sessions. 

2.2. Experimental Procedure  

Participants visited the laboratory on five separate days (Figure 1). During the first visit, the 

participants familiarized themselves with the testing setup (Squat Jump (SJ), Countermovement 

Jump (CMJ), the stimulus procedure with eccentric half-squat exercise and measured the maximal 

load for one repetition (1 RM, MVC), starting from six repetitions and reaching to one. All jumps 

were performed on a three-dimension platform (Kistler Type 9281C, Kistler Instruments, Winterthur, 

Switzerland) with ground reaction forces (GRF) to be recorded. The four other visits were 

experimental sessions. Two sessions served as control (no conditioning activity = rest) and the two 

others served as intervention (PAPE = eccentric half-squat) sessions. Moreover, SJs were evaluated 

during two sessions (one control and one PAPE) and CMJs were evaluated during the two others. All 

sessions were randomly presented. All test days started with a 6min warm-up routine on a static 

bicycle. Following the warm-up, the baseline of the jumping test (depending on the day) was 

performed (PRE) and repeated after the conditioning stimulus (POST1). Then, volunteers rested for 

2min (POST2), and they repeated the jumps. The best of three jumps, based on maximum height 

output, was used for further analysis. The maximum power, maximum work of eccentric and 

concentric phases, and lower limb stiffness were analyzed and evaluated.  

 

Figure 1. The whole study procedure (MVC: Maximum Voluntary Contraction, SJ: Squat Jump, CMJ: 

Counter Movement Jump). 

2.3. Conditioning Activity Procedure  

The conditioning stimulus included 5 repetitions of eccentric half-squat at 85% of MVC, with the 

knee joint angle reaching lower than 90° with each repetition lasting 4’’ (almost 30°/s) and regulated 

by a metronome. The bar was placed on the stops of squat rack at the end of the eccentric phase while 

the assistants lifted the Olympic bar to the initial position. During jump tests, the participants 

performed three SJs or CMJs with 15s intervals between the jumps (Figure 1). The total SJs or CMJs 

test duration, including the rest intervals and duration of the jumps, did not exceed 90s each time. In 

the control session, the same procedure was followed, and the performance of the jumps was 

evaluated at the same time points, except that the participants rested passively (seated), during the 

conditioning activity. All the sessions were conducted at approximately the same time of day for all 

participants, and there was no control for diet or hydration (Figure 1). 

2.4. Statistical Analysis 

Data analysis was performed using SPSS (IBM Corp., Version 25.0, Armonk, New York, USA). 

The statistical approach included separate analyses for SJ and CMJ. For each jump type, a repeated 

measures ANOVA (2x3) was conducted. This analysis incorporated the ICC-calculated correlation 

among repeated measures, accommodating within-subject effects and potential interactions between 

time points and conditions. To assess the practical significance of the observed differences, effect sizes 
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were calculated. Additionally, post hoc analyses were conducted to explore the nature of the 

significant interaction between conditions and time points. Notable differences between PRE, POST1, 

and POST2 jumps were found for key parameters, including maximum power, work, maximum 

jump height, and lower limb stiffness. This comprehensive approach to data analysis adds depth to 

the interpretation of the results, helping to understand whether there are significant differences and 

the nature and magnitude of these differences. A significance level of p<.05 was chosen to assess 

statistical significance. 

3. Results 

3.1. Squat Jump 

The ANOVA analysis showed no statistically significant differences in the maximum SJ height 

with respect to time and the three measurements [F(1,18)= 1.3, p= 0.458], and interaction between 

conditions and time [F(1,18)= 3.2, p= 0.062]. In addition, there was no statistically significant 

difference in produced SJ positive work in time [F(2,18)= 0.3, p= 0.853] and interaction [F(2,18)=1.4, 

p= 0.343]. Finally, there were no statistically significant difference in the maximum power between 

the PRE, POST1 and POST2 jumps in either of the two conditions [F(2,18) = 0.6, p=.526] and interaction 

between conditions and time [F(2,18) = 0.6, p= 0.316].  

3.2. Counter Movement JumpThe ANOVA analysis showed no statistically significant differences in 

the maximum CMJ height with respect to time and the three measurements [F(1,18)= 1.1, p= 0.368], 

and interaction between groups and time [F(1,18)= 3.7, p= 0.053; Table 1]. The work during the 

eccentric phase, revealed significant main effect of time [F(2,18)= 9.9, p= 0.002]. However, there was 

no interaction between group and time [F(2,18)= 0.7, p= 0.505; Table 1]. In contrast, there was no 

statistically significant difference in produced concentric work in time [F(2,18)= 0.4, p= 0.708] and 

interaction [F(2,18)=2.6, p= 0.101; Table 1]. Power was not statistically different during eccentric and 

concentric phases across time (Table 1) and all three measures [F(2,18) = 1.6, p=.236; F(2,18) = 1.9, p= 

0.177, respectively] and interaction between group and time [F(2,18) = 1.6, p= 0.237; F(2,18) = 1.8, p= 

0.195, respectively]. Finally, the lower limb stiffness during the eccentric phase did not show any 

statistical differences with time [F(2,18) = 1.2, p= 0.336] or condition x time interaction [F(2,18) = 1.1, 

p= 0.358; Table 1]. 

Table 1. Counter movement jump (CMJ) performance for each condition, time point, and tests of 

within-subjects’ contrasts. 

  
PRE POST1 POST2 

p-Values/ES (ηp2) 
  Interaction 

Jump Height (cm) 
Intervention 39.8±3.1 37.2±2.8 39.7±3.3 0.368/0.523 

Control 37.7±3.1 38.3±2.8 35.7±3.3  

Work Ecc (J) 
Intervention 93.9±11 101±11.9 110.5±9.9 0.505/0.133 

Control 85.4±11 99.2±11.9 99.2±9.9  

Work Con (J) 
Intervention 347.7±28.8 354.2±28.7 340.4±30.5 0.101/0.114 

Control 376.6±28.8 379±28.7 385.8±30.5  

Power Ecc (w) 
Intervention -2196±109.9 -2230.1±104.1 -2195.5±110.7 0.177/0.134 

Control -2175±109.9 -2225.2±104.1 -2255.6±110.7  

Power Con (w) 
Intervention 2341.9±176.4 2379.5±167.6 2249±173.3 0.195/0.182 

Control 2510.8±176.4 2538±167.6 2549.6±173.3  

Lower Leg Stiffness (N/cm) 
Intervention 26±2.5 27.5±2.6 27.5±2.7 0.358/0.095 

Control 25.7±2.5 25.7±2.6 26±2.7  

Values means ± standard deviations. Ecc: eccentric phase. Con: concentric phase. ES: effect size. 
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4. Discussion 

The objective of this study was to investigate whether the eccentric back-squat followed by a 20s 

and a 2min rest periods, as a preliminary conditioning stimulus, could improve vertical jumping 

performance. The findings of the present study indicated that the 2min rest period after five eccentric 

half-squats at 85% did not improve SJ and CMJ performance variables. 

Multi-joint exercises, such as squats and half-squat, are considered effective conditioning stimuli 

to induce PAPE, leading to improved performance [2,15]. In the present study, a half-squat leading 

the knee joint lower than 90° was used, since it enables to cause greater activation of the lower limb 

muscle groups [17]. However, our findings demonstrated that the jump tests were not improved after 

the conditioning stimulus. A previous study has shown that the optimal rest period between the 

conditioning stimulus and the test varies among individuals and seems to depend on factors such as 

age, sex, and training background [20]. In the present study, all the participants were male jumper 

athletes, with eleven of them being long jumpers and the rest of them being high jumpers. Moreover, 

the participants’ age did not vary with a very small standard deviation. Therefore age, sex and 

training background could not be considered responsible for the observed findings.  

This sample and the experimental procedure of the present study, enable us to record the effect 

of the conditioning stimulus on this specific population. Given the above, it is safe to conclude the 

effects of the above protocol on jumping performance were recorded. Previous studies focused on 

rest periods have demonstrated conflicting results. A rest period of 7 to 10min should be considered 

the optimal length to enhance power production after a conditioning stimulus, despite the evidence 

showing a range from short to long rest period that PAPE could be induced [20]. However, in the 

present study, a shorter rest period was used, which mimics the procedure during jumping events at 

the track and field. Our results showed that the 20s and 2min rest periods is quite short to lead to 

PAPE. While systematic strength training for jumping events may lead to resistance against muscle 

fatigue [19,20], the present findings suggest that the 2-minute rest period following eccentric half-

squat is not sufficient to induce PAPE. Since subsequent power production and performance depend 

on the balance between potentiation and fatigue, one explanation for the lack of improvement could 

be the higher level of fatigue compared to the potentiating effect of the conditioning activity. Previous 

report [22] demonstrated that subjects with a higher percentage of fast twitch muscle fibers induced 

a greater PAPE compared to predominantly slow twitch subjects. However, they also experienced 

higher fatigue during maximal voluntary contractions [22]. These findings suggest that subjects with 

a high proportion of fast twitch fibers may have greater PAPE, but may be more prone to experience 

higher fatigue during conditioning when the rest period is short (2min).   

Regarding the lower limbs and jumping ability, it was demonstrated that eccentric half-squat 

could induce the PAPE effect but not after the stimulus [18]. According to the previous study, 

eccentric half-squat increased jumping height after the third minute of the rest, with most participants 

maximizing their performance in the sixth minute [18]. Thus, it is likely that the lack of a positive 

effect of the eccentric half squat might be due to a short rest period. One possible explanation for the 

inefficiency of the short rest period is the longer “time under tension” of the knee extensors. It has 

been previously proposed that the participants tend to decrease their velocity during squats, 

increasing the time under tension in the muscle leading to low-frequency fatigue [18,23]. The short 

rest period likely did not allow the enhancing mechanism to outweigh the inhibitory one, leading to 

fatigue dominance in this stage.  

Regarding the two jumping tasks, our results showed no significant effects after the conditioning 

stimulus. Our results are in agreement with the previous report which demonstrated that both 

eccentric and concentric squats do not affect jumping performance after short rest period [18]. Despite 

the fact that previous studies [16,24] have shown the efficiency of the high-load stimulus to induce 

PAPE during the subsequent vertical jump, it seems that our eccentric half-squat stimulus failed to 

cause any improvements. The specificity of the conditioning stimulus is a determined factor about 

these contradicting results [16]. Despite the effects of eccentric muscle actions on neural and muscle-

tendon systems, it could not improve jumping height when used as a preconditioning stimulus. 

During SJ, the muscle groups are isometrically activated before the propulsion phase. The differences 
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in muscle activation between the isometric contraction and eccentric action, during the jumping test 

and the conditioning stimulus, respectively, could result in no alteration of the jumping performance. 

Moreover, the biomechanical differences between the conditioning activity and the jumping test did 

not affect SJ jumping height. The participants remain at the 90° knee joint during the start of the SJ. 

Conversely, the knee flexion was a little greater during the conditioning activity. The depth of the 

squat was previously found to cause higher glutei muscles while the knee extensor activity remained 

the same [17]. Thus, the predefined knee flexion during the SJ testing procedure was a limiting factor 

according to the principle of specificity and the possible greater glutei activation. Since the range of 

motion was the same before and after the stimulus, it seems that conditioning activity failed to 

improve force production. Our data support this notion, as both work and power during the 

propulsion phase of SJ were stable after the conditioning. The force production during this phase was 

the same, with the same range of motion leading to the same level of produced work and power after 

the conditioning activity. Furthermore, the controlled stretching velocity during the eccentric half-

squat might, compared with the velocity of eccentric phase during CMJ, could also negatively affect 

jumping performance. As previously reported, dynamic contractions display PAPE effect that are 

joint and velocity specific [20]. The stretching velocity during eccentric half-squats is lower than that 

which occurs during the eccentric phase of CMJ. Thus, the velocity difference might be account 

responsible for the unobserved effects. Further research is needed to establish the relationship 

between the stretching velocity and the PAPE effects.  

While the study presents valuable insights into the acute effects of eccentric half-squats on jump 

performance within a specific population of male athletes specialized in jumping events, certain 

limitations should be acknowledged. The study's small sample size and exclusive focus on male 

athletes specializing in jumping events constitute important considerations regarding the 

generalization of the findings. Furthermore, the decision to exclude athletes from different events 

based on their distinct training characteristics and potential adaptations is valid. However, it's worth 

noting that this choice could impact the applicability of the results to a broader athletic context. 

Another noteworthy limitation involves the variability in strength training backgrounds among 

participants. Despite the similarities in strength training between the long and high jumpers, 

individual variations in training adaptation are plausible. Additionally, the absence of gender-based 

differences in PAPE responses and the lack of female participants raise inquiries about the results' 

transferability beyond the specific cohort examined. Addressing these limitations in future research 

endeavors could enrich our understanding of the factors influencing PAPE and its implications for 

enhancing athletic performance. 

5. Conclusions 

Overall, the findings of this study indicated that the specific conditioning stimulus of eccentric 

half-squats, followed by a 2min rest period, did not lead to significant improvements in force 

capability, the produced work of power, and the overall jumping performance in both SJ and CMJ 

tests. The results suggest that a single set of eccentric squats with a short rest period may not be 

effective for enhancing jumping performance in athlete populations like male jumpers. While PAPE 

remains a valuable concept in sports science, these results highlight the complexity of its application, 

influenced by factors such as conditioning stimulus specificity, rest period duration, and individual 

characteristics. Thus, further research is needed to record the possible effects of the PAPE stimulus 

on the jumping performance and the optimal interaction between the conditioning activity, the rest 

period, and the athletic population’s characteristics. 
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