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Abstract

:

Exercise order is one of the significant factors modulating training effects. Therefore, the aim of this study was to compare the effectiveness of an 8-week complex (CPX) training program utilizing intra-CPX active recovery with compound training (CMP) on bilateral and single-leg jumping performance, change of direction test time (shuttle test), and the post-activation performance enhancement (PAPE) response in a group of basketball players. Thirteen participants were performing CPX bi-weekly combined with regular pre-season basketball practice, while eleven participants were performing CMP for 8 weeks. Before and after the interventions, the following fitness tests were assessed: (i) bilateral countermovement jump, (ii) single-leg countermovement jump, (iii) shuttle run test. All tests were performed pre- and post-conditioning activity (CA—three sets of five drop jumps). The results showed a statistically significant increase in non-dominant (p = 0.019) and dominant single-leg jump relative peak power (p = 0.001), and in non-dominant single-leg jump height (p = 0.022) post-training compared to pre-training. The CA was significantly and similarly effective in eliciting a PAPE response in all tests before and after each intervention (p < 0.039; for all). However, the magnitude of improvement in CMJ and shuttle test time was trivial to small and did not reach statistical significance. Both 8 weeks of CPX and CMP training led to significant improvements in the SLJ power output of both the dominant and non-dominant limbs as well as the height of the non-dominant SLJ. Neither of the training methods had significant impacts on the magnitude of the PAPE response.
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1. Introduction


The selection and order of exercises performed during a training session are among the moderators of the effectiveness of resistance training in eliciting improvements in athletic performance [1,2]. Both high-load, low-velocity resistance exercises and low-load, high-velocity exercises, such as plyometric or ballistic exercises, lead to improved athletic performance [3]. However, these adaptations occur in different ways. High-load resistance exercises primarily contribute to an increase in maximum and explosive strength, enhancing the force production component on the force–velocity curve [3]. Conversely, high-velocity exercises primarily allow for improvement in the velocity portion [3]. Therefore, employing both approaches in athlete preparation could allow for a wider range of adaptations.



The training strategy that combines these two types of exercises is called complex (CPX) training [4]. It involves performing exercises in pairs with a highly loaded resistance exercise that has a similar biomechanical movement structure to the subsequent high-velocity task [5]. For example, high-loaded squats before vertical jumps. This approach helps reap the benefits of both types of exercises. In contrast, it also allows for the elicitation of the post-activation performance enhancement (PAPE) effect, which results in a short-term improvement in physical fitness [6,7]. In the example mentioned, squats serve as the conditioning activity (CA) that immediately enhances performance in vertical jumps. The PAPE effect is generally observed around 5–7 min after performing low-volume CA (1–3 sets), involving high-resistance exercises (>85% one-repetition maximum [1 RM]) or high-velocity plyometric exercises [8,9]. This effect can be attributed to various mechanisms, including changes in muscle temperature, intramuscular fluid accumulation, neural mechanisms, or the phosphorylation of myosin regulatory light chains, as discussed by Blazevich and Babault [10].



These two aspects theoretically make CPX training superior to performing only resistance training or only plyometric training. Furthermore, considering the PAPE effect, performing a sequence of high-load exercises before high-velocity exercises may be more effective than performing them in a different manner (e.g., in blocks of plyometric or resistance exercises) [11,12,13]. Interestingly, studies comparing CPX training with other training strategies do not show statistically significant differences between approaches in improving athletic performance [12,14,15,16]. For example, Mihalik et al. [15] demonstrated similar improvements in power output and vertical jump height after 4 weeks of CPX training and compound training (consisting of one high-load resistance training session and one plyometric training session) conducted twice a week in a group of male and female volleyball players. In line with this, the results of a recent study by Gee et al. [12] showed no difference in the improvement of vertical jump performance, 10- and 40-m sprints, and the Arrowhead change of the direction time test between CPX training and reverse-contrast training (all plyometric exercises were done at the beginning of the training before high-load exercises) in a group of soccer players who trained twice a week for 10 weeks. Gee et al. [12] even suggested that, due to the need for long rest periods after the CA (4–8 min) during CPX training to achieve the PAPE effect, this training modality is not time-efficient. One idea for solving this problem is to add intra-CPX active recovery methods, such as focusing on a different part of the body [7,17,18]. This could allow for more training without affecting the PAPE effect [7]. To the best of the authors’ knowledge, there is only one study assessing the impact of intra-CPX active recovery on the PAPE effect [7], but no study has evaluated the long-term effects.



Another aspect emphasized in the literature on PAPE, but not directly examined to the authors’ knowledge, is training experience and background [19]. These two aspects are indicated as significant factors modulating the magnitude of the PAPE response [19]. It is suggested that if an athlete has greater experience in resistance training, particularly with high loads and velocities, and a high level of muscular strength, they are more likely to take advantage of the PAPE effect [8,19,20]. Indeed, studies comparing the PAPE response clearly confirm that stronger individuals experience a greater PAPE effect [21]. However, it is unclear how adaptation occurs as a result of the long-term implementation of potentiation complexes, and whether it increases or diminishes.



To increase knowledge about the effectiveness of CPX training on athletic performance and the PAPE response, as well as to determine the impact of intra-CPX active recovery, the aim of this study was to compare the effectiveness of an 8-week CPX training program utilizing intra-CPX active recovery with compound training on bilateral and single-leg jumping performance, change of direction test time (shuttle test), and the PAPE response in a group of basketball players. The hypothesis was that both training protocols would significantly improve all test outcomes without any differences between them. Additionally, it was speculated that the PAPE response would significantly improve, but only in the group performing CPX training.




2. Materials and Methods


2.1. Experimental Approach to the Problem


A randomized, single-blind, parallel-group intervention was conducted to evaluate the effects of CPX training combined with regular basketball practice on bilateral and single-leg countermovement jump performance, shuttle test time, and PAPE effect response compared to traditional resistance training. The experimental group was performing CPX training bi-weekly combined with regular pre-season basketball practice, while the second group was performing CMP resistance training for 8 weeks. Before and after the interventions, the following fitness tests were assessed: (i) bilateral countermovement jump, (ii) single-leg countermovement jump, (iii) shuttle run test. All tests were performed pre- and post-CA (3 sets of 5 drop jumps).




2.2. Participants


Thirty-two semi-professional basketball players were enrolled, but twenty-six of them met the eligibility criteria and were randomly allocated to the CPX or CMP groups (Figure 1). The participants were players from two competing teams in the second-tier level league of basketball in Poland. The inclusion criteria were: males aged 18–35; playing basketball at a semi-professional level for at least six years; engaged in regular basketball and resistance training at least twice a week for at least two years prior to the study; no history of serious injury or illness that affects basketball performance and that does not allow for full involvement in the training program. Finally, twenty-four participants completed the study (CPX: n = 13; age: 24 ± 6 yrs; body mass: 85.9 ± 10.9 kg; body height: 190.6 ± 7.9 cm; resistance training experience: 7 ± 5 yrs; basketball training experience: 12 ± 5 yrs; CMP: n = 11; age: 21 ± 4 yrs; body mass: 89.9 ± 8.5 kg; body height: 195.1 ± 10.3 cm; resistance training experience: 5 ± 4 yrs; basketball training experience: 11 ± 4 yrs). The intervention took part in the pre-season basketball practice, resulting in a training regimen that included two resistance training sessions and four basketball training sessions throughout the duration of this study. The participants were instructed not to change their lifestyles, including dietary habits, during the intervention period, and not to use any stimulants and alcoholic drinks throughout the study. Moreover, they were asked not to perform any additional resistance exercises 48-h before pre- and post-intervention evaluation to avoid the impact of fatigue on outcomes. Before giving their written informed consent for participation, subjects were informed about the advantages and potential risks of the investigation and provided with the option to withdraw from it at any time. Participants were not told of the expected study outcomes and the researchers involved in the measurements of outcomes were blinded. The study protocol was approved by the Bioethics Committee for Scientific Research, at the Academy of Physical Education in Katowice, Poland (3/2021) and performed according to the ethical standards of the Declaration of Helsinki 2013 [22]. The sample size was calculated a priori based on a statistical power of 0.8, an effect size of g = 0.31–0.48, and a significance level of 0.05, taking the effects of CPX training on vertical jumping and change of direction performance [16,23] as a reference variable. A minimum sample size of between 12–24 individuals was obtained (G*Power [version 3.1.9.2], Dusseldorf, Germany).




2.3. Procedures


2.3.1. Familiarization Sessions


All sessions (familiarization, evaluation, and training) were conducted between 17:00 p.m. and 19:00 p.m. to prevent the impact of circadian rhythm on performance and preserve the regular training schedule. All sessions were preceded by a similar pretraining warm-up that included 5 min of jogging followed by exercises performed in a walk across the width of a basketball court (going back and forth for each exercise): glute walk, quad walk, high knees, knee hugs, and lunges (forward, backwards, and lateral). Then, in the same manner, as mentioned above, lateral jumping jacks, backpedaling, and ankle hops were performed. Finally, 2 circuits of 8–10 repetitions of the following exercises were performed: arm circles, forward and lateral leg swings, inchworms, and squats. In the first familiarization session (Monday), all participants performed 2 attempts of the CMJ, SLJ (for each leg), DJ, shuttle test, and isometric split squat (for each leg) to familiarize themselves with the study protocol.



On the second familiarization session (Thursday), all participants took part in maximum strength evaluation in the back squat and bench press exercise to standardize training intensity during the upcoming training program. The testing was preceded by a standardized general warm-up, which consisted of riding on a cycling ergometer lasting approximately 5 min (with a resistance of ~100 W and cadence of ~70 rpm) and a dynamic part composed of body mass squats, arm circles, trunk rotations, side-bends, and push-ups for ten repetitions of each exercise. The 1 RM load for each exercise was indirectly calculated from the Epley formula [24]. Before the maximal attempt in each exercise, participants performed 3 sets with an estimated load of 50% of the estimated 1 RM for 15 repetitions followed by one set at 80% of the estimated 1 RM for 5 repetitions. Then, the load was increased to one that would allow performing a maximum of between 4 and 8 repetitions to calculate the 1 RM by the Epley formula. With this load, participants were instructed to perform as many repetitions as possible in order to produce a valid estimation of 1 RM [24].


  1 RM =  l    × (  1 +  r  30    )  











1 RM—one repetition maximum; l—load; r—number of performed repetitions.



In the end, all participants performed a single set of 4–10 repetitions of exercises that were scheduled to be performed in the upcoming training program (Table 1).




2.3.2. Post Activation Performance Enhancement Evaluation Sessions


Two evaluation sessions were performed, 5–7 days before starting and 5–7 days after the end of the training program. After the same warm-up as in the first familiarization session, participants took part in CMJ, SLJ, and shuttle run baseline testing in random order. Two attempts for each test with 30 s rest were performed. Approximately 5 min later, participants performed a CA consisting of 3 sets of 5 DJs with a 60 s rest in-between. Then, after 6 min of passive rest, all tests were re-tested. DJs were executed from a 60 cm wooden box. To initiate the dropping action, participants were directed to step off the box one foot at a time and then rapidly jump upwards after ground contact, with emphasis on achieving maximum jump height. This instruction was designed to avoid jumping horizontally off the box. The selection of this CA was made based on prior research, which has shown its efficacy and simplicity in eliciting the PAPE effect [25,26].




2.3.3. Training Program


The 8-week CPX training program is described in Table 1. This training was characterized by performing two sequences of exercises in each training session, one for the lower body and the other for the upper body. Each sequence consisted of CA as a resistance exercise (A1 or B1), then another exercise engaging different body regions as an active rest interval (A2 or B2), followed by an explosive exercise involving similar muscle groups as the first exercise (A3 or B3). The introduction of an active rest interval was dictated by the maintenance of a high training density.



Workouts were performed twice a week, on Monday (workout A) and Thursday (workout B), and on the rest of the weekdays, athletes participated in regular basketball practice. All workouts were supervised by the same strength and conditioning coach and were preceded by a standardized general warm-up, the same as during the second familiarization session. The CMP group performed the same exercises with the same volume and intensity but in a different order (explosive before resistance exercises), as presented in Table 2.




2.3.4. Measurement of Countermovement Jump Performance


The countermovement jumps performance was measured using force plates (Force Decks, Vald Performance®, Brisbane, QLD, Australia). This device has been previously confirmed as valid and reliable [27] for assessing vertical jump kinematics. The participant started in the standing position with hands placed on the hips. Then, they were instructed to perform a quick downward movement at a self-selected depth, followed by a fast-upward movement to jump as high as possible. The participant reset to the starting position after each jump, and the procedure was completed for a total of two jumps. The jump height, relative peak power, countermovement depth, and contraction time were evaluated. The best attempt in terms of jump height was retained for further evaluation. The jump height was calculated from the vertical velocity of the center of mass at take-off using the equation:


   Jump   height  =  1 2  · (   TOV  2  / g )  








where: TOV—vertical velocity of the center of mass at take-off;   g = 9.81   m ·  s  − 2    .




2.3.5. Measurement of Shuttle Test Performance


The participants sprinted as quickly as possible linearly from the starting point for 12.5 m, touching a line on the ground with their foot, and then returning to the starting point after a 180° COD. Sprint times were recorded using timing photocells (SmartSpeed Pro, Fusion Sport, Coopers Plains, QLD, Australia), with gates at 0, 10, and 12.5 m. The height was set at approximately 1 m off the ground, corresponding to participants’ hip height to avoid the timing gates being triggered prematurely by a swinging arm or leg. The participants started with a front foot placed 0.3 m behind the first timing gate to prevent any early triggering of the photocells. Times were measured to the nearest 0.001 s. Two attempts were performed, and the best performance in terms of total COD time was retained for further analysis.






3. Statistical Analysis


All data were analyzed using IBM SPSS Statistics for Macintosh, Version 25.0 (IBM Corp., Armonk, NY, USA) and were shown as means with standard deviations (±SD) with their 95% confidence intervals (CI). Statistical significance was set at p < 0.05. The normality of data distribution, assumption of variance homogeneity, and assumption of variance sphericity were verified using Shapiro–Wilk, Levene’s, and Mauchly’s tests, respectively. The repeated measures ANOVAs (2 [CPX; CMP] × 2 [baseline; post-training]) were used to investigate the influence of training programs on CMJ variables, shuttle test time, and percentage PAPE magnitude. Moreover, additional ANOVAs (2 [CPX; CMP] × 2 [pre-CA; post-CA] × 2 [baseline; post-training]) were used to assess PAPE response pre- and post-training. The effect sizes for ANOVA were obtained by eta squared (ηp2) and were interpreted as ηp2 < 0.01 “trivial”, 0.01 to 0.06 “low”, =0.06 to 0.14 “moderate”, and >0.14 “high”. When a significant interaction or main effect was found, the post-hoc tests with Bonferroni correction were used to analyze the pairwise comparisons. The magnitude of mean differences was expressed with standardized effect size (ES). Thresholds for qualitative descriptors of Cohen’s d were interpreted as <0.20 “trivial”, 0.2–0.49 “small”, 0.5–0.79 “moderate”, and >0.8 “large” [28]. The independent samples t-tests were used to compare participants’ training experience and anthropometrics data. The smallest worthwhile change (SWC, calculated using the formula 0.2 × test values SD) [29] was used to define the responders and non-responders on CA. A participant is considered a responder if the performance improvements exceeded the SWC value, a non-responder if performance change fell within the SWC value, and a negative responder if the performance decreases above SWC. The chi-square test has been performed to identify whether there are differences between responders, non-responders, and negative responders to CA pre- and post-training.




4. Results


The Shapiro–Wilk test did not show a statistically significant data distribution violation in any examined variables. In the case of the main effect of the condition for the 10 m sprint and weaker limb peak force, the Greenhouse–Geisser correction has been adopted. No significant differences were reported in age (p = 0.208), resistance (p = 0.454), or basketball training experience (p = 0.631), as well as in body mass (p = 0.341) and body height (p = 0.241).



4.1. Jumping Performance


There were no statistically significant interactions for CMJ height (F = 1.044; p = 0.318; ηp2 = 0.045), relative peak power (F = 0.008; p = 0.93; ηp2 = 0.00), contraction time (F = 0.037; p = 0.849; ηp2 = 0.002), countermovement depth (F = 0.1; p = 0.754; ηp2 = 0.005). Similarly, there were no main effects of time for CMJ height (F = 2.837; p = 0.106; ηp2 = 0.114), relative peak power (F = 0.558; p = 0.463; ηp2 = 0.025), contraction time (F = 0.008; p = 0.929; ηp2 = 0.000), and countermovement depth (F = 2.207; p = 0.152; ηp2 = 0.091). Finally, the was no main effect of the group for CMJ height (F = 1.89; p = 0.183; ηp2 = 0.079), relative peak power (F = 1.101; p = 0.305; ηp2 = 0.048), contraction time (F = 2.24; p = 0.149; ηp2 = 0.092), and countermovement depth (F = 1.142; p = 0.297; ηp2 = 0.049) (Table 3).



There were no statistically significant interactions for dominant SLJ height (F = 0.002; p = 0.961; ηp2 = 0.00) and relative peak power (F = 0.131; p = 0.721; ηp2 = 0.006), or for non-dominant SLJ height (F = 0.702; p = 0.411; ηp2 = 0.031) and relative peak power (F = 0.199; p = 0.66; ηp2 = 0.009). Similarly, there were no main effects of a group for dominant SLJ height (F = 0.14; p = 0.712; ηp2 = 0.006) and relative peak power (F = 0.388; p = 0.54; ηp2 = 0.017), or for non-dominant SLJ height (F = 0.459; p = 0.505; ηp2 = 0.02), and relative peak power (F = 0.008; p = 0.93; ηp2 = 0.00). Moreover, there were no statistically significant main effects of time for dominant SLJ height (F = 2.774; p = 0.110; ηp2 = 0.112). However, there were statistically significant main effects of time to increase dominant SLJ relative peak power (F = 16.55; p = 0.001; ηp2 = 0.429), non-dominant SLJ height (F = 6.036; p = 0.022; ηp2 = 0.215), and non-dominant SLJ relative peak power (F = 6.368; p = 0.019; ηp2 = 0.224) post-training compared to pre (Table 4).




4.2. Shuttle Run Test Time


Two-way ANOVA indicated no statistically significant interaction (F = 0.206; p = 0.654; ηp2 = 0.009)—nor the main effect of time (F = 3.816; p = 0.064; ηp2 = 0.148)—and a main effect of group (F = 0.829; p = 0.372; ηp2 = 0.036) for shuttle run test time (Figure 2).




4.3. Post-Activation Performance Enhancement and Its Magnitude


Interactions and main effects of PAPE responses for studied variables are described in Table 5, while descriptive data are presented in Table 6.



The CA was significantly and similarly effective in eliciting PAPE response before and after each intervention (Table 6).



The chi-square test indicated that there were not any significant differences in responders, non-responders, and negative responders between pre-training and post-training for both CPX and CMP groups in CMJ height (p = 0.565 and p = 0.357, respectively), dominant SLJ height (p = 0.627 and p = 0.356, respectively), non-dominant SLJ height (p = 0.693 and p = 0.176, respectively) and shuttle run test time (p = 0.264 and p = 0.871, respectively). (Table 7).





5. Discussion


The aim of this investigation was to compare the effects of CPX and CMP training on CMJ and SLJ performance, shuttle test time, and the magnitude of the PAPE effect in basketball players. The main finding of this study was that both types of training resulted in a statistically significant improvement in SLJ power output for both the dominant and non-dominant legs, as well as the height of the non-dominant SLJ. No statistically significant changes were observed in the other tests, such as CMJ and shuttle test time; however, the observed changes were positive with a trivial to small effect size. Furthermore, neither of the training programs had a significant impact on the magnitude of the PAPE response as well as on responders’ distribution. Nevertheless, it should be noted that the drop jumps performed in this study (as a CA: three sets of five drop jumps) immediately improved the assessed jumping performance and shuttle test time. This study suggests that both CPX and CMP training for 8 weeks significantly and equally improved SLJs, with no significant changes in CMJ and shuttle test time.



The results of the current study are partially consistent with previous findings, which did not demonstrate the superiority of CPX training over traditional resistance training methods in improving jumping and running capabilities [3,12,14,15]. The short-term 4-week protocol by Mihalik et al. [15], the 6-week protocol by Ali et al. [14], our 8-week protocol, and the 10-week protocol by Gee et al. [12] did not show differences between the training programs. However, the mentioned studies demonstrated a significant improvement in the vertical jump; in our study, it was observed only in the single-leg vertical jump but not in the CMJ. The reason for the different results could be related to differences in the training programs, particularly in training volume. Mihalik et al. [15] compared 4-week training programs for the lower limbs, specifically CPX training versus resistance and plyometric training (on separate days). The participants performed three sets of three pairs of exercises twice a week; thus, there are 36 sets per week (144 sets in the whole intervention). In contrast, the CPX training in Gee et al.’s [12] study consisted of three sets of two pairs of exercises twice a week (a total of 24 sets per week, 240 sets in total) involving the lower limbs over 10 weeks. Meanwhile, participants in the Ali et al. [14] study trained three times a week for six weeks with a CPX training program consisting of four pairs of exercises with three sets each (72 sets per week, 432 sets in total). In contrast, in the current study, it was 18 sets (in weeks 1–2) and 24 sets (in weeks 3–6), and then 12 sets (in weeks 7–8), totaling 156 sets, which is significantly fewer than in studies by Gee et al. [12] and Ali et al. [14], and is comparable to Mihalik et al.’s [15] study, but over twice the duration (4 weeks vs. 8 weeks in this study). Considering all of the above, it appears that the volume used in this study might have been insufficient to trigger significant enhancements in CMJ and shuttle test performance. However, it was adequate to improve SLJ performance. Taking both of these outcomes into account, it could be assumed that the most likely reason for the improvement in SLJ performance is the enhancement in participants’ balance rather than an augmentation in the explosive capabilities of their lower limbs. Nevertheless, since no balance assessments were conducted in this investigation, these are only speculations and should be taken into account by future research.



Interestingly, the aforementioned outcomes align partially with the findings of the study by Gee et al. [12]. The authors also did not observe improvement in another change of direction test: the arrowhead changes of direction speed test. In contrast, Ali et al. [14] did not include a change of direction assessment in the test battery in their study, but they included a 20 m sprint test and also did not observe a significant improvement. It can be speculated that the reason lies in the selection of exercises that were not in accordance with the principle of dynamic correspondence [30]. However, despite the fact that only our training included the change of direction running as a post-activation exercise, as well as hip thrusts and squats, which have been shown to effectively improve sprint time in previous studies, no significant changes were observed in the shuttle test time. The trivial transfer of strength training to change-of-direction and sprint performance has also been indicated in earlier studies [31,32,33]. This may be related to the different ranges of motion in which force is produced during resistance exercises compared to running and changes of direction. Furthermore, the fact that the shuttle test used as part of the training did not contribute to a significant improvement in the time achieved after the training intervention may again be related to insufficient volume (only three sets per week). An alternative explanation for the lack of significant improvement in CMJ and shuttle test time, while observing improvement in SLJ, could be explained by the principle of diminishing returns. This principle refers to the decreasing expected degree of improvement in fitness as individuals become fitter [34]. It is possible that the individual level of performance in the CMJ and shuttle test among the participants in this study was already high enough that the observed improvement in these tests did not reach statistical significance. Conversely, they had a noticeable deficit in SLJ, which was successfully improved.



It is worth mentioning that the applied CA in the form of three sets of five drop jumps improved the height of the CMJ, dominant and non-dominant SLJs, as well as shuttle test time. This is another study that confirms the effectiveness of plyometric exercises as CA in inducing the PAPE effect [35,36,37,38]. However, interestingly, in contrast to Dello Iacono et al. [36], the CA used in this study improved both jump height and shuttle test time. Therefore, the result of this study challenges the theory that CA should be force-vector specific and favor the principle of dynamic correspondence. The force-vector theory contends that horizontal exercises are more specific to horizontal sports skills, while vertical exercises transfer better to vertical sports skills. However, studies by Bielitzki et al. [39] and Yetter and Moir [40] showed that a squat-based CA contributed to acute sprint improvement. As Fitzpatrick pointed out, the forces acting on an athlete or expressed by the athlete should be considered with respect to the athlete’s local (established by the athlete) coordinate system, rather than the global coordinate system [30]. So, it seems that instead of the force-vector theory, PAPE complexes should be designed based on the principle of dynamic correspondence, especially the ranges of motion in which force is produced during CA and post-activation tasks.



One aspect that significantly distinguished our study from previous studies was the inclusion of active rest intervals to maintain a high training density in our CPX training protocol. The use of a rest period between the CA and the subsequent movement activity to achieve the PAPE effect is often highlighted as a drawback of this method [12]. In fact, recommended rest periods of 4–8 min significantly decrease the time efficiency of the training, making it time consuming [7]. However, incorporating exercises involving a different body region allowed us to maintain the same time efficiency as in traditional training. Despite this, the training remained equally as effective as our resistance training approach. Therefore, it seems that both types of training can be applied at the discretion of the coach.



Although training experience and training background have been indicated as mediators of the PAPE response [8,19], according to the authors’ knowledge, this is the only study to date that has assessed it. The outcomes of this investigation indicated that neither CPX nor CMP training had an impact on the magnitude of the PAPE response. This suggests that regular implementation of CPX training does not affect the PAPE effect. It is possible that the 8-week training period was not sufficient to significantly impact the PAPE response in any way. In contrast, in both training protocols, participants performed the same high-intensity exercises, with the only difference being the order of execution. Therefore, further research is needed to evaluate factors such as the impact of different training intensities or types on the PAPE response.



The findings of this study should be considered in light of its limitations. Although the training programs implemented in this study included both upper and lower body training, the tests used only assessed the performance of the lower limbs. Moreover, we did not conduct a mid-evaluation of 1 RM, potentially leading to inadequate loading in the later weeks of training, which may not have corresponded to participants’ current strength levels. Furthermore, during the last two weeks, the training volume tapered down, which could have also impacted the outcomes. Although participants were instructed to exert maximal effort during training, we did not assess this using resources such as linear encoder or force plates (in the case of isometric exercises). It is also important to consider that participants were engaged in basketball training during the intervention, thus potential interactions between these methods and their impact on the results should be taken into account. Furthermore, the applied CA for evaluating the changes in the PAPE response was a plyometric exercise, while high-intensity resistance exercises were used as the CA during the intervention. Therefore, it is uncertain how the PAPE response would have changed if the CA had been consistent with the training protocol.




6. Conclusions


The results of this study showed that 8 weeks of both CPX and CMP training led to statistically significant improvements in the SLJ power of both the dominant and non-dominant limbs as well as the height of the non-dominant SLJ. However, the magnitude of improvement in CMJ and shuttle test time was trivial to small and did not reach statistical significance. Furthermore, neither of the training methods had a significant impact on the magnitude of the PAPE response or on the responders’ distribution. It is worth noting that the CA applied in this study, consisting of three sets of five drop jumps, immediately improved performance in jumps and shuttle test time. The results of this study suggest that both evaluated training approaches can be used to improve jumping and shuttle test times, but it is suggested to consider a slightly higher training volume.







Author Contributions


Conceptualization, P.B., M.K. and P.S.; methodology, P.B., M.K. and P.S.; validation, P.B. and M.K.; formal analysis, M.K. and P.E.; investigation, M.K. and P.B.; data curation, P.B.; writing—original draft preparation, P.B., M.K. and P.E.; writing—review and editing, P.B., M.K. and P.S.; supervision, M.K. and P.S. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by Charles University, by project PRIMUS/22/HUM/019.




Institutional Review Board Statement


The study protocol was approved by the Bioethics Committee for Scientific Research at the Academy of Physical Education in Katowice, Poland (3/2021) and conducted in accordance with the ethical standards of the Declaration of Helsinki 2013.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data is available on request from the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Coratella, G. Appropriate Reporting of Exercise Variables in Resistance Training Protocols: Much More than Load and Number of Repetitions. Sports Med.-Open 2022, 8, 99. [Google Scholar] [CrossRef] [PubMed]

	



Matykiewicz, P.; Krzysztofik, M.; Zając, A. A Comparison of Basic Training Variables in the Standard and Cambered Bar Bench Press Performed to Volitional Exhaustion. J. Hum. Kinet. 2023, 87, 201–210. [Google Scholar] [CrossRef] [PubMed]

	



Marshall, J.; Bishop, C.; Turner, A.; Haff, G.G. Optimal Training Sequences to Develop Lower Body Force, Velocity, Power, and Jump Height: A Systematic Review with Meta-Analysis. Sports Med. 2021, 51, 1245–1271. [Google Scholar] [CrossRef] [PubMed]

	



Freitas, T.T.; Martinez-Rodriguez, A.; Calleja-González, J.; Alcaraz, P.E. Short-Term Adaptations Following Complex Training in Team-Sports: A Meta-Analysis. PLoS ONE 2017, 12, e0180223. [Google Scholar] [CrossRef]

	



Garbisu-Hualde, A.; Gutierrez, L.; Santos-Concejero, J. Post-Activation Performance Enhancement as a Strategy to Improve Bench Press Performance to Volitional Failure. J. Hum. Kinet. 2023, 87, 199–206. [Google Scholar] [CrossRef]

	



Krzysztofik, M. Utilisation of Post-Activation Performance Enhancement in Elderly Adults. J. Clin. Med. 2021, 10, 2483. [Google Scholar] [CrossRef]

	



Trybulski, R.; Makar, P.; Alexe, D.I.; Stanciu, S.; Piwowar, R.; Wilk, M.; Krzysztofik, M. Post-Activation Performance Enhancement: Save Time With Active Intra-Complex Recovery Intervals. Front. Physiol. 2022, 13, 840722. [Google Scholar] [CrossRef]

	



Seitz, L.B.; Haff, G.G. Factors Modulating Post-Activation Potentiation of Jump, Sprint, Throw, and Upper-Body Ballistic Performances: A Systematic Review with Meta-Analysis. Sports Med. 2016, 46, 231–240. [Google Scholar] [CrossRef]

	



Krzysztofik, M.; Wilk, M.; Pisz, A.; Kolinger, D.; Tsoukos, A.; Aschenbrenner, P.; Stastny, P.; Bogdanis, G.C. Effects of Unilateral Conditioning Activity on Acute Performance Enhancement: A Systematic Review. J. Sports Sci. Med. 2022, 21, 625–639. [Google Scholar] [CrossRef]

	



Blazevich, A.J.; Babault, N. Post-Activation Potentiation Versus Post-Activation Performance Enhancement in Humans: Historical Perspective, Underlying Mechanisms, and Current Issues. Front. Physiol. 2019, 10, 1359. [Google Scholar] [CrossRef]

	



Freitas, T.T.; Calleja-González, J.; Carlos-Vivas, J.; Marín-Cascales, E.; Alcaraz, P.E. Short-Term Optimal Load Training vs a Modified Complex Training in Semi-Professional Basketball Players. J. Sports Sci. 2019, 37, 434–442. [Google Scholar] [CrossRef]

	



Gee, T.I.; Harsley, P.; Bishop, D.C. Effect of 10 Weeks of Complex Training on Speed and Power in Academy Soccer Players. Int. J. Sports Physiol. Perform. 2021, 16, 1134–1139. [Google Scholar] [CrossRef]

	



Li, F.; Nassis, G.P.; Shi, Y.; Han, G.; Zhang, X.; Gao, B.; Ding, H. Concurrent Complex and Endurance Training for Recreational Marathon Runners: Effects on Neuromuscular and Running Performance. Eur. J. Sport Sci. 2021, 21, 1243–1253. [Google Scholar] [CrossRef] [PubMed]

	



Ali, K.; Verma, S.; Ahmad, I.; Singla, D.; Saleem, M.; Hussain, M.E. Comparison of Complex Versus Contrast Training on Steroid Hormones and Sports Performance in Male Soccer Players. J. Chiropr. Med. 2019, 18, 131–138. [Google Scholar] [CrossRef] [PubMed]

	



Mihalik, J.P.; Libby, J.J.; Battaglini, C.L.; McMurray, R.G. Comparing Short-Term Complex and Compound Training Programs on Vertical Jump Height and Power Output. J. Strength Cond. Res. 2008, 22, 47–53. [Google Scholar] [CrossRef] [PubMed]

	



Pagaduan, J.; Pojskic, H. A Meta-Analysis on the Effect of Complex Training on Vertical Jump Performance. J. Hum. Kinet. 2020, 71, 255–265. [Google Scholar] [CrossRef]

	



Lepkowski, M.; Leiting, K.A.; Koch, A.J. Practical Considerations and Applications of Postactivation Performance Enhancement in Group Training: Delayed Performance Enhancing Triplexes. Strength Cond. J. 2021, 43, 62–67. [Google Scholar] [CrossRef]

	



Lim, J.J.H.; Barley, C.I. Complex Training for Power Development: Practical Applications for Program Design. Strength Cond. J. 2016, 38, 33–43. [Google Scholar] [CrossRef]

	



Boullosa, D. Post-Activation Performance Enhancement Strategies in Sport: A Brief Review for Practitioners. Hum. Mov. 2021, 22, 101–109. [Google Scholar] [CrossRef]

	



Wilson, J.M.; Duncan, N.M.; Marin, P.J.; Brown, L.E.; Loenneke, J.P.; Wilson, S.M.C.; Jo, E.; Lowery, R.P.; Ugrinowitsch, C. Meta-Analysis of Postactivation Potentiation and Power: Effects of Conditioning Activity, Volume, Gender, Rest Periods, and Training Status. J. Strength Cond. Res. 2013, 27, 854–859. [Google Scholar] [CrossRef]

	



Chiu, L.Z.F.; Fry, A.C.; Schilling, B.K.; Johnson, E.J.; Wiess, L.W. Neuromuscular Fatigue and Potentiation Following Two Successive High Intensity Resistance Exercise Sessions. Eur. J. Appl. Physiol. 2004, 92, 385–392. [Google Scholar] [CrossRef] [PubMed]

	



World Medical Association. Declaration of Helsinki: Ethical Principles for Medical Research Involving Human Subjects. JAMA 2013, 310, 2191. [Google Scholar] [CrossRef] [PubMed]

	



Thapa, R.K.; Lum, D.; Moran, J.; Ramirez-Campillo, R. Effects of Complex Training on Sprint, Jump, and Change of Direction Ability of Soccer Players: A Systematic Review and Meta-Analysis. Front. Psychol. 2021, 11, 627869. [Google Scholar] [CrossRef]

	



Epley, B. Pundage Chart. Boyd Epley Workout; Body Enterprises: Lincoln, NE, USA, 1985. [Google Scholar]

	



Dechechi, C.; Lopes, C.; Galatti, L.; Ribeiro, R. Post Activation Potentiation for Lower Limb with Eccentric and Concentric Movements on Sprinters. Int. J. Sports Sci. 2013, 3, 1–3. [Google Scholar]

	



Bomfim Lima, J.; Marin, D.; Barquilha, G.; Da Silva, L.; Puggina, E.; Pithon-Curi, T.; Hirabara, S. Acute Effects of Drop Jump Potentiation Protocol on Sprint and Countermovement Vertical Jump Performance. Hum. Mov. 2011, 12, 324–330. [Google Scholar] [CrossRef]

	



Heishman, A.D.; Daub, B.D.; Miller, R.M.; Freitas, E.D.S.; Frantz, B.A.; Bemben, M.G. Countermovement Jump Reliability Performed With and Without an Arm Swing in NCAA Division 1 Intercollegiate Basketball Players. J. Strength Cond. Res. 2020, 34, 546–558. [Google Scholar] [CrossRef]

	



Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Elsevier Science: Burlington, VT, USA, 2013; ISBN 978-1-4832-7648-9. [Google Scholar]

	



Buchheit, M. Magnitudes Matter More than Beetroot Juice. Sport Perform. Sci. Rep. 2018, 1, 1–3. [Google Scholar]

	



Fitzpatrick, D.; Cimadoro, G.; Cleather, D. The Magical Horizontal Force Muscle? A Preliminary Study Examining the “Force-Vector” Theory. Sports 2019, 7, 30. [Google Scholar] [CrossRef]

	



González-García, J.; Morencos, E.; Balsalobre-Fernández, C.; Cuéllar-Rayo, Á.; Romero-Moraleda, B. Effects of 7-Week Hip Thrust Versus Back Squat Resistance Training on Performance in Adolescent Female Soccer Players. Sports 2019, 7, 80. [Google Scholar] [CrossRef]

	



Jarvis, P.; Cassone, N.; Turner, A.; Chavda, S.; Edwards, M.; Bishop, C. Heavy Barbell Hip Thrusts Do Not Effect Sprint Performance: An 8-Week Randomized Controlled Study. J. Strength Cond. Res. 2019, 33, S78–S84. [Google Scholar] [CrossRef]

	



Lin, K.-H.; Wu, C.-M.; Huang, Y.-M.; Cai, Z.-Y. Effects of Hip Thrust Training on the Strength and Power Performance in Collegiate Baseball Players. J. Sports Sci. 2017, 5, 178–184. [Google Scholar] [CrossRef]

	



Ammann, B.C.; Knols, R.H.; Baschung, P.; de Bie, R.A.; de Bruin, E.D. Application of Principles of Exercise Training in Sub-Acute and Chronic Stroke Survivors: A Systematic Review. BMC Neurol. 2014, 14, 167. [Google Scholar] [CrossRef] [PubMed]

	



Boullosa, D.; Abad, C.C.C.; Reis, V.P.; Fernandes, V.; Castilho, C.; Candido, L.; Zagatto, A.M.; Pereira, L.A.; Loturco, I. Effects of Drop Jumps on 1000-m Performance Time and Pacing in Elite Male and Female Endurance Runners. Int. J. Sports Physiol. Perform. 2020, 15, 1043–1046. [Google Scholar] [CrossRef]

	



Dello Iacono, A.; Martone, D.; Padulo, J. Acute Effects of Drop-Jump Protocols on Explosive Performances of Elite Handball Players. J. Strength Cond. Res. 2016, 30, 3122–3133. [Google Scholar] [CrossRef]

	



Krzysztofik, M.; Wilk, M.; Pisz, A.; Kolinger, D.; Bichowska, M.; Zając, A.; Stastny, P. Acute Effects of High-Load vs. Plyometric Conditioning Activity on Jumping Performance and the Muscle-Tendon Mechanical Properties. J. Strength Cond. Res. 2022, 37, 1397–1403. [Google Scholar] [CrossRef] [PubMed]

	



Krzysztofik, M.; Wilk, M. The Effects of Plyometric Conditioning on Post-Activation Bench Press Performance. J. Hum. Kinet. 2020, 74, 99–108. [Google Scholar] [CrossRef] [PubMed]

	



Bielitzki, R.; Hamacher, D.; Zech, A. Does One Heavy Load Back Squat Set Lead to Postactivation Performance Enhancement of Three-Point Explosion and Sprint in Third Division American Football Players? BMC Sports Sci. Med. Rehabil. 2021, 13, 64. [Google Scholar] [CrossRef]

	



Yetter, M.; Moir, G.L. The Acute Effects of Heavy Back and Front Squats on Speed during Forty-Meter Sprint Trials. J. Strength Cond. Res. 2008, 22, 159–165. [Google Scholar] [CrossRef]








[image: Sports 11 00181 g001] 





Figure 1. CONSORT flow diagram. 
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Figure 2. Shuttle run test time comparison between complex and compound resistance training group. CPX—complex training group; CMP—compound resistance training group. 
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Table 1. Exercise selection and loading parameters for a complex training program.






Table 1. Exercise selection and loading parameters for a complex training program.





	
Workout A




	

	
Set [n]

	
Rep [n]/Time [s]

	
Intensity (1 RM/RPE)

	
Rest [s]




	
Week 1–2

	
Week 3–6

	
Week 7–8

	
Week 1–8

	
Week 1–2

	
Week 3–6

	
Week 7–8






	
A1 Back Squat

	
3

	
4

	
2

	
5

	
80%

	
85%

	
85%

	
90–120




	
A2 Face Pulls

	
3

	
4

	
2

	
8–10

	
7 RPE

	
8 RPE

	
8 RPE

	
90–120




	
A3 Drop Jump

	
3

	
4

	
2

	
5

	
BM

	
90–120




	
B1 Bench Press

	
3

	
4

	
2

	
5

	
80%

	
85%

	
85%

	
90–120




	
B2 Leg Curls

	
3

	
4

	
2

	
8–10

	
7 RPE

	
8 RPE

	
8 RPE

	
90–120




	
B3 Plyometric Push-Ups

	
3

	
4

	
2

	
5

	
BM

	
90–120




	
C DB Row

	
2

	
3

	
2

	
10–12

	
7 RPE

	
8 RPE

	
8 RPE

	
90–120




	
Workout B




	
A1 Isometric-Push Split Squat

	
3

	
4

	
2

	
3 s (each leg)

	
Maximum Effort

	
90–120




	
A2 Plank

	
3

	
4

	
2

	
30 s

	
BM

	
90–120




	
A3 Shuttle test run

	
3

	
4

	
2

	
2 (1 on each turn)

	
Maximum Effort

	
90–120




	
B1 Pull-ups

	
3

	
4

	
2

	
2 RIR

	
BM

	
90–120




	
B2 Hip Thrusts

	
3

	
4

	
2

	
8–10

	
7 RPE

	
8 RPE

	
8 RPE

	
90–120




	
B3 Med Ball Slams

	
3

	
4

	
2

	
5

	
5–8 kg

	
90–120




	
C Single Arm DB Overhead Press

	
3

	
4

	
2

	
10–12

	
7 RPE

	
8 RPE

	
8 RPE

	
90–120








Rep—repetitions; 1 RM—one repetition maximum; RPE—a rate of perceived exertion; BM—body mass; DB—dumbbell; RIR—repetition in reserve.













 





Table 2. Exercise selection and loading parameters of compound resistance training program.






Table 2. Exercise selection and loading parameters of compound resistance training program.





	
Workout A




	

	
Set [n]

	
Rep [n]/Time [s]

	
Intensity (1 RM/RPE)

	
Rest [s]




	
Week 1–2

	
Week 3–6

	
Week 7–8

	
Week 1–8

	
Week 1–2

	
Week 3–6

	
Week 7–8






	
A1 Drop jump

	
3

	
4

	
2

	
5

	
BM

	
90–120




	
A2 Plyometric Push-Ups

	
3

	
4

	
2

	
5

	
BM

	
90–120




	
B Back Squat

	
3

	
4

	
2

	
5

	
80%

	
85%

	
85%

	
90–120




	
C1 DB Row

	
2

	
3

	
2

	
10–12

	
7 RPE

	
8 RPE

	
8 RPE

	
90–120




	
C2 Leg Curls

	
3

	
4

	
2

	
8–10

	
7 RPE

	
8 RPE

	
8 RPE

	
90–120




	
D1 Bench Press

	
3

	
4

	
2

	
5

	
80%

	
85%

	
85%

	
90–120




	
D2 Face Pulls

	
3

	
4

	
2

	
8–10

	
7 RPE

	
8 RPE

	
8 RPE

	
90–120




	
Workout B




	
A1 Shuttle test run

	
3

	
4

	
2

	
2 (1 on each turn)

	
Maximum Effort

	
90–120




	
A2 Med Ball Slams

	
3

	
4

	
2

	
5

	
5–8 kg

	
90–120




	
B Hip Thrusts

	
3

	
4

	
2

	
8–10

	
7 RPE

	
8 RPE

	
8 RPE

	
90–120




	
C1 Isometric-Push Split Squat

	
3

	
4

	
2

	
3 s (each leg)

	
Maximum Effort

	
90–120




	
C2 Pull-ups

	
3

	
4

	
2

	
2 RIR

	
BM

	
90–120




	
D1 Single Arm DB Overhead Press

	
3

	
4

	
2

	
10–12

	
7 RPE

	
8 RPE

	
8 RPE

	
90–120




	
D2 Plank

	
3

	
4

	
2

	
30 s

	
BM

	
90–120








Rep—repetitions; 1 RM—one repetition maximum; RPE—a rate of perceived exertion; BM—body mass; DB—dumbbell; RIR—repetition in reserve.













 





Table 3. Countermovement jump performance comparison between complex and compound resistance training group.
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Performance Type

	
Group

	
Pre-Training (95% CI)

	
Post Training (95% CI)

	
ES (Interpretation)

	
|∆|

	
%∆






	
CMJ Height [cm]

	
CPX

	
35.8 ± 2.5

(34.4 to 37.3)

	
36.7 ± 3.5

(34.8 to 38.6)

	
0.3 (small)

	
0.9 ± 1.8

	
2.3 ± 5




	
CMP

	
37.7 ± 2.6

(36.2 to 39.3)

	
37.9 ± 2.9

(35.9 to 40)

	
0.07 (trivial)

	
0.2 ± 1.1

	
0.5 ± 3




	
CMJ Relative Peak Power [W/kg]

	
CPX

	
57.2 ± 4.1

(55.1 to 59.2)

	
57.7 ± 6.7

(54.5 to 60.9)

	
0.09 (trivial)

	
0.5 ± 4.8

	
0.8 ± 9.1




	
CMP

	
57.7 ± 6.7

(56.7 to 61.2)

	
59.6 ± 3.7

(56.1 to 63)

	
0.35 (small)

	
0.7 ± 2

	
1.1 ± 3.3




	
CMJ Contraction Time [ms]

	
CPX

	
755 ± 188

(664 to 846)

	
758 ± 145

(684 to 833)

	
0.02 (trivial)

	
4 ± 211

	
7.3 ± 37




	
CMP

	
833 ± 111

(734 to 932)

	
823 ± 109

(742 to 904)

	
0.09 (trivial)

	
−10 ± 107

	
−0.5 ± 12.3




	
CMJ Countermovement Depth [cm]

	
CPX

	
22.9 ± 9.2

(18.5 to 27.2)

	
19.6 ± 9.2

(15 to 24.2)

	
0.36 (small)

	
−3.2 ± 11.6

	
−4.1 ± 64.2




	
CMP

	
25.1 ± 4.7

(20.4 to 29.8)

	
23 ± 6.3

(18 to 28)

	
0.38 (small)

	
−2.1 ± 2.8

	
−9.5 ± 13.1








CI—confidence interval; ES—effect size; CMJ—countermovement jump; CPX—complex training group; CMP—compound resistance training group.













 





Table 4. Single-leg countermovement jump performance comparison between complex and compound resistance training group.
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Performance Type

	
Group

	
Pre-Training (95% CI)

	
Post Training (95% CI)

	
ES (Interpretation)

	
|∆|

	
%∆






	
DOM SLJ Height [cm]

	
CPX

	
16.7 ± 2.9

(14.9 to 18.5)

	
17.4 ± 3.2

(15.5 to 19.4)

	
0.23 (small)

	
0.8 ± 2.7

	
5.4 ± 16.2




	
CMP

	
17.1 ± 3.3

(15.2 to 19.1)

	
17.9 ± 3.5

(15.9 to 20)

	
0.24 (small)

	
0.8 ± 1.6

	
5.1 ± 9.9




	
DOM SLJ Relative Peak Power [W/kg]

	
CPX

	
33.2 ± 4.6

(30.6 to 35.8)

	
34.6 ± 5.1 *

(31.7 to 37.4)

	
0.29 (small)

	
1.3 ± 2.2

	
4.1 ± 6.6




	
CMP

	
34.3 ± 4.4

(31.5 to 37.1)

	
35.9 ± 4.7 *

(32.8 to 38.9)

	
0.35 (small)

	
1.6 ± 1.1

	
4.7 ± 3.4




	
N-DOM SLJ Height [cm]

	
CPX

	
16.6 ± 2.6

(15.4 to 17.8)

	
17.4 ± 2.8 *

(16.1 to 18.7)

	
0.30 (small)

	
0.8 ± 0.7

	
4.7 ± 4.5




	
CMP

	
16.2 ± 1.4

(14.9 to 17.6)

	
16.6 ± 1.5 *

(15.2 to 18)

	
0.28 (small)

	
0.4 ± 1.5

	
2.7 ± 9.2




	
N-DOM SLJ Relative Peak Power [W/kg]

	
CPX

	
33.7 ± 3.9

(31.8 to 35.6)

	
34.5 ± 4.6 *

(32.3 to 36.6)

	
0.19 (trivial)

	
0.8 ± 1.5

	
2.2 ± 4.6




	
CMP

	
33.6 ± 2.4

(31.6 to 35.7)

	
34.7 ± 2.7 *

(32.3 to 37.1)

	
0.43 (small)

	
1.1 ± 2.1

	
3.4 ± 6.4








CI—confidence interval; ES—effect size; DOM—dominant limb; N-DOM—non-dominant limb; SLJ—single leg jump; CPX—complex training group; CMP—compound resistance training group; *—significant difference in comparison to pre-training.













 





Table 5. Interactions and main effects of post-activation performance enhancement responses in all tasks.
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	Variable
	Group × Pre/Post-CA × Pre/Post-Training
	Group × Pre/Post-CA
	Group × Pre/Post-Training
	Pre/Post-CA × Pre/Post-Training
	Group
	Pre/Post-CA
	Pre/Post-Training





	CMJ height [cm]
	F = 0.164;

p = 0.689;

ηp2 = 0.007
	F = 0.403;

p = 0.532;

ηp2 = 0.018
	F = 1.039;

p = 0.319;

ηp2 = 0.007
	F = 1.927;

p = 0.179;

ηp2 = 0.081
	F = 1.561;

p = 0.225;

ηp2 = 0.066
	F = 21.715;

p < 0.001;

ηp2 = 0.497 *
	F = 0.3;

p = 0.589;

ηp2 = 0.013



	DOM SLJ Height [cm]
	F = 0.012;

p = 0.914;

ηp2 = 0.001
	F = 0.132;

p = 0.72;

ηp2 = 0.006
	F = 0.00;

p = 0.989;

ηp2 = 0.00
	F = 1.463;

p = 0.239;

ηp2 = 0.062
	F = 0.092;

p = 0.765;

ηp2 = 0.004
	F = 4.793;

p = 0.039;

ηp2 = 0.179 *
	F = 13.4;

p = 0.001;

ηp2 = 0.379 *



	N-DOM SLJ Height [cm]
	F = 0.225;

p = 0.64;

ηp2 = 0.01
	F = 0.00;

p = 0.987;

ηp2 = 0.00
	F = 0.18;

p = 0.676;

ηp2 = 0.008
	F = 0.166;

p = 0.688;

ηp2 = 0.007
	F = 0.444;

p = 0.512;

ηp2 = 0.02
	F = 5.043;

p = 0.035;

ηp2 = 0.186 *
	F = 5.542;

p = 0.028;

ηp2 = 0.201 *



	Shuttle Run Test Time [s]
	F = 0.807;

p = 0.379;

ηp2 = 0.035
	F = 0.188;

p = 0.669;

ηp2 = 0.008
	F = 0.934;

p = 0.344;

ηp2 = 0.041
	F = 0.387;

p = 0.54;

ηp2 = 0.017
	F = 0.904;

p = 0.352;

ηp2 = 0.039
	F = 16.447;

p = 0.001;

ηp2 = 0.428 *
	F = 7.693;

p = 0.011;

ηp2 = 0.259 *







CA—conditioning activity; CMJ—countermovement jump; DOM—dominant limb; N-DOM—non-dominant limb; SLJ—single leg jump; *—statistically significant.













 





Table 6. Comparison of post-activation performance enhancement responses in all tasks.






Table 6. Comparison of post-activation performance enhancement responses in all tasks.





	
Performance Type

	
Group

	
Pre-Training

	
Post Training




	
Pre-CA (95%CI)

	
Post-CA (95%CI)

	
ES

	
%∆

	
Pre-CA (95%CI)

	
Post-CA (95%CI)

	
ES

	
%∆






	
CMJ Height [cm]

	
CPX

	
35.8 ± 2.5

(34.3–37.3)

	
37.8 ± 3.5 *

(35.7 to 39.9)

	
0.66

	
5.5 ± 6.7

	
36.7 ± 3.5

(34.6 to 38.8)

	
38.2 ± 2.9 *

(36.5 to 39.9)

	
0.47

	
4.5 ± 5




	
CMP

	
37.7 ± 2.6

(36 to 39.4)

	
39.5 ± 3 *

(37.4 to 41.5)

	
0.64

	
4.6 ± 3.8

	
37.9 ± 2.9

(36 to 39.9)

	
38.9 ± 3 *

(36.9 to 40.9)

	
0.34

	
2.6 ± 5.3




	
DOM SLJ Height [cm]

	
CPX

	
16.7 ± 2.9

(15 to 18.4)

	
17.1 ± 3 *

(15.2 to 18.9)

	
0.14

	
2.3 ± 5.6

	
17.5 ± 3.2

(15.5 to 19.4)

	
18.5 ± 2.6 *

(16.9 to 20.1)

	
0.34

	
7.6 ± 14.8




	
CMP

	
17.1 ± 3.3

(14.9 to 19.4)

	
17.4 ± 3.1 *

(15.3 to 19.4)

	
0.09

	
1.7 ± 6.4

	
17.9 ± 3.5

(15.6 to 20.3)

	
18.7 ± 3.3 *

(16.5 to 20.9)

	
0.24

	
5.4 ± 14.6




	
N-DOM SLJ Height [cm]

	
CPX

	
16.6 ± 2.6

(15 to 18.2)

	
17.0 ± 3.1 *

(15.1 to 18.8)

	
0.14

	
2.3 ± 6.3

	
17.4 ± 2.8

(15.7 to 19.1)

	
17.8 ± 3.2 *

(15.8 to 19.7)

	
0.13

	
2 ± 7.7




	
CMP

	
16.2 ± 1.4

(15.2 to 17.2)

	
16.4 ± 0.9 *

(15.8 to 17)

	
0.17

	
1.9 ± 6.7

	
16.6 ± 1.5

(15.6 to 17.6)

	
17.1 ± 1.5 *

(16.1 to 18.1)

	
0.33

	
3.7 ± 6.2




	
Shuttle Run Test Time [s]

	
CPX

	
5.09 ± 0.16

(5.01 to 5.17)

	
5.06 ± 0.09 *

(5.01 to 5.12)

	
0.23

	
−0.7 ± 1.3

	
5.02 ± 0.17

(4.92 to 5.11)

	
4.96 ± 0.15 *

(4.89 to 5.04)

	
0.37

	
−1 ± −0.9




	
CMP

	
5.12 ± 0.11

(5.04 to 5.21)

	
5.07 ± 0.09 *

(5.02 to 5.13)

	
0.5

	
−0.8 ± 1.4

	
5.08 ± 0.16

(4.98 to 5.18)

	
5.03 ± 0.11 *

(4.95 to 5.12)

	
0.36

	
−0.7 ± 1.4








CA—conditioning activity; ES—effect size; CMJ—countermovement jump; CPX—complex training group; CMP—compound resistance training group; DOM—dominant limb; N-DOM—non-dominant limb; SLJ—single leg jump; *—a statistically significant difference in comparison to Pre-CA in corresponding time point.













 





Table 7. Smallest worthwhile change values and distribution of responders, non-responders, and negative responders on applied conditioning activity.






Table 7. Smallest worthwhile change values and distribution of responders, non-responders, and negative responders on applied conditioning activity.





	
Performance Type

	
Group

	
SWC

	
Responders [n]

	
Non-Responders [n]

	
Negative Responders [n]




	
Pre-Training

	
Post-Training

	
Pre-Training

	
Post-Training

	
Pre-Training

	
Post-Training

	
Pre-Training

	
Post-Training






	
CMJ Height [cm]

	
CPX

	
0.5

	
0.7

	
9

	
9

	
3

	
4

	
1

	
0




	
CMP

	
0.51

	
0.59

	
9

	
8

	
1

	
0

	
1

	
3




	
DOM SLJ Height [cm]

	
CPX

	
0.57

	
0.63

	
7

	
8

	
4

	
2

	
2

	
3




	
CMP

	
0.67

	
0.7

	
4

	
5

	
5

	
2

	
2

	
4




	
N-DOM SLJ Height [cm]

	
CPX

	
0.52

	
0.55

	
6

	
4

	
2

	
2

	
5

	
7




	
CMP

	
0.29

	
0.31

	
7

	
5

	
4

	
3

	
0

	
3




	
Shuttle Run Test Time [s]

	
CPX

	
0.03

	
0.03

	
9

	
9

	
2

	
4

	
2

	
0




	
CMP

	
0.02

	
0.03

	
7

	
6

	
2

	
3

	
2

	
2








CMJ—countermovement jump; CPX—complex training group; CMP—compound resistance training group; DOM—dominant limb; N-DOM—non-dominant limb; SLJ—single leg jump.
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