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Abstract 

Introduction:  Alternating a resistance exercise with a plyometric exercise is referred to as “complex training”. 

Purpose: This study aimed to compare the acute post-activation performance enhancement (PAPE) effects of 

the Barbell Back Squats (SQ), Drop Jumps (DJ) and Complex Training Method (CT) in terms of vertical jump 

height (VJ) and Reactive Strength Index (RSI) in physically active individuals. Methods: Nineteen participants 

(11 male and 8 female) who resistance train at least 3 times/week volunteered this study. Participants performed 

three experimental sessions namely; SQ, DJ and CT loading sessions with 48 hours interval with a randomized, 

crossover study design. SQ was performed roughly at 90 % of 1 Repetition maximum (1 RM) of the participants 

with three repetitions (3RM). In DJ session, participants performed 2 sets of 10 drop jumps with 3 min rest 

whereas in CT sessions, participants performed 5 drop jumps followed by 3RM back squats. Participants were 

tested for VJ and RSI before and 8 minutes after each treatment. Results: Within-group differences (pre vs. post-

intervention) were only present for RSI performances for the CT group (p=0.004). No between-group differences 

(i.e. SQ, DJ and CT) were evident for VJ (p=0.93) and RSI (p=0.87) performances respectively. Conclusion: 

These findings demonstrated that none of the loading protocols with above mentioned exercises and methods 

have any detrimental or improving effects on VJ height and RSI for physically active individuals who joined this 

study. This study also showed that SQ, DJ exercises and CT method can be used interchangeably and safely to 

avoid training monotony during longer training periods for chronic adaptations. 

Key Words: Resistance Training; Reactive Strength Index; Vertical Jump Height; Plyometrics     

 
Introduction  

Submaximal aerobic exercises (jogging, cycling, rowing etc.) and stretching exercises are considered 

essential in typical warm ups of the athletes prior to competition or training to raise core and muscle temperature, 

to reduce injury risk and to obtain optimal athletic performance (Christensen et al., 2020; Opplert & Babault, 

2018).  Stretching can also take many different forms including passive or static stretching (SS), active or 

dynamic stretching, ballistic, and proprioceptive neuromuscular facilitation (Christensen et al., 2020).  SS is 

likely the one of the most commonly performed mode of exercise during a warm-up because of its potential to 

reduce muscle soreness, increase joint range of motion (ROM) and decrease the risk of injury of muscle-tendon 

unit (MTU). (Christensen et al., 2020; Opplert & Babault, 2018; Avloniti et al., 2016).  However, it has been 

recently argued that acute SS exercises may decrease subsequent muscular performance (Christensen et al., 

2020; Stevanovic et al.,2019; Takeuchi et al.,2019;  Avloniti et al., 2016) The negative effects of SS are 

attributed to; a) mechanical factors (e.g. changes in muscle stiffness, tendon slack) and b) neuromuscular factors 

such as decreased motor unit activation and altered reflex sensitivity and autogenic inhibition (Christensen et al., 

2020; Stevanovic et al., 2019; Chatzopoulos et al., 2014). Due to detrimental effects of SS, dynamic warm up 

(DWU) exercises such as throws, hops, skips, jumps, plyometrics and heavy load resistance exercises are 

currently replacing SS in the modern athletic warm-up sessions (Ayala et al., 2016; Tobin & Delahunt, 2014; 

Gelen et al., 2012; Behm & Chaouachi, 2011). 

Performance enhancement during DWU has been explained by two mechanisms; 1) post-activation 

potentiation (PAP), 2) use of stretch-shortening cycle (SSC) (Blazevich & Babault, 2019; Ayala et al., 2016; 

Faigenbaum et al.,2006). Plyometrics and heavy load resistance training are popular exercise modalities to 

induce these mechanisms (Kobal et al.,2019). 

PAP is a phenomenon by which muscular performance is acutely enhanced when preceded by maximal 

or near maximal neuromuscular activation (Blazevich & Babault, 2019). Several mechanisms responsible for 

PAP during DWU have been proposed (Prieske,  et al.,2020; Blagrove et al.,2019; Blazevich & Babault, 2019; 
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Ayala et al., 2016) : a) an increase in the phosphorylation of myosin regulatory light chains via myosin light 

chain kinase increases the sensitivity of the actin-myosin complex to myoplasmic Ca2+ resulting in enhanced 

myosin cross-bridge activity b) increased recruitment of higher order motor units, and c) changes in muscle 

pennation angle. Moreover, in recent studies, it was acknowledged that the term “PAP” should only be used to 

indicate the increase in muscular force/torque production during an electrically-evoked twitch and that twitch 

force needs to be assessed to explain performance improvement following a high intensity exercise-based warm 

up (Zimmermann, Macintosh & dal Pupo, 2020; Blazevich & Babault, 2019; Blagrove et al.,2019). According to 

these recent studies, the term “PAPE” should be used to refer to the enhancement of physical capacities such as 

strength, power and speed following heavy resistance exercise (< 85 % of 1 RM) (Zimmermann, Macintosh & 

dal Pupo, 2020; Blagrove et al.,2019). Therefore, although a significant amount of studies used the term “PAP” 

without assessing the twitch response, because of the fore-mentioned reasons, the term “PAPE” was used 

throughout this article.  

Physiological mechanism of PAPE can be explained by a) an increase muscle temperature (Folland, 

Wakamatsu & Fimland, 2008), b) modulation of H-reflex (Tillin & Bishop, 2009), c) an increase in motor unit 

recruitment (Crewther et al.,2011), d) elevations in hormone levels (Maloney, Turner & Fletcher, 2014), e) 

changes in limb stiffness (de Hoyo et al., 2016), as well as increases myosin light chains phosphorylation 

(Crewther et al.,2011). 

Furthermore, alternating a resistance exercise with a plyometric exercise is referred to as “complex 

training” and it has also been found effective as a PAPE modality (Freitas et al.,2017; Carter & Greenwood, 

2014). On top of eliciting a potentiation response in a dynamic warm up, CT can also be designed to improve 

both strength and power by combining strength and power exercises in pairs within the same session (Ebben, 

2002). Common examples include, a set of heavy load resistance exercise followed by a set of a mechanically 

similar, lower load, high-speed exercise forming a “CT pair” (Asadi et al.,2016). A typical application that is 

widely used, especially in track and field, is performing a set of high bar back squats followed by a set of barbell 

jump squats (very light load) or jumps on to boxes of a pre-specified height (Asadi et al.,2016). 

Plyometric exercises constitute a natural part of most sport movements because they involve jumping, 

hopping, and skipping (Freitas s et al.,2017; Markovic & Mikulic, 2010). Stretch shortening cycle (SSC), on the 

other hand, is integral to plyometric exercises because SSC enhances the ability of muscle–tendon unit to 

increase rate of force development (Freitas et al.,2017; Markovic & Mikulic, 2010). It is also characterized by a 

lengthening (eccentric contraction) of the muscle–tendon unit followed directly by a shortening or concentric 

contraction using the stored elastic energy (Kobal et al.,2019). Monitoring the stress and/or the fatigue on the 

musculotendinous complex during plyometric exercises such as drop jumps can also be evaluated by using 

Reactive Strength Index (RSI) (Ebben & Petushek,2010). RSI describes an individual’s ability to change quickly 

from an eccentric to concentric muscular contraction and expresses athletes’ explosive capabilities with a 

dynamic jumping activity (Flanagan, Ebben & Jensen,2008).  RSI has been used as an athlete-monitoring tool to 

evaluate the athletes’ preparedness for SSC activity or his/her potential for explosive power (Markwick et 

al.,2015).  

Another common PAPE exercise modality, as briefly mentioned above, is heavy load resistance 

training. For acute performance improvement, heavy load exercises in warm-up protocols are widely used in 

PAPE research and they are also preferred by strength coaches to immediately enhance the subsequent 

performance (Mina et al.,2019; Chen et al.2017; Thomas et al.,2017; Golas et al.,2016). To induce PAPE effects, 

a multi joint exercise (bench press, squats, deadlifts, hip thrusts etc.) that is mechanically similar to the actual 

skill should be utilized, and should consist of a repetition scheme of 1–5 repetitions and a load of 80–90% of the 

1 repetition maximum (1RM) (Alves et al.,2019). 

Ebben (2002) reported the ergogenic warm-up benefits associated with weight training exercises performed prior 

to explosive movements such as jumping. It is thought that complex training acts to enhance power production 

by increasing motor-unit recruitment and firing rates, particularly in type IIx muscle fibers (Jones et al.,2019). 

On the contrary to Ebben (2002), and Beneka et al. (2013) reported that acute plyometric exercise (50 jumps over 

50 cm hurdle in addition to 50 drop jumps from 50 cm plyometric box) combined with weight exercises (leg 

presses and leg extensions, composed of two sets of 2–3 repetitions at 90% of 1 RM and two sets of 2–3 

repetitions at 95% of 1 RM) may induce a substantial decline in jumping performance (vertical jump with arms 

akimbo) in healthy male participants. 

Witmer, Davis & Moir (2010) reported that the use of resistance exercises performed prior to a series of 

vertical jumps can result in improvements in performance in certain individuals (healthy men and women). On 

the other hand, Tobin & Delahunt (2014) reported that a series of plyometric exercise produces an acute 

enhancement of countermovement jump (CMJ) performance in professional rugby players. 

To our knowledge, there are no studies comparing the acute effects of plyometric exercises, heavy load 

resistance exercises and complex training method on measures of athletic performance such as vertical jump and 

RSI. Therefore, the aim of this study was to compare the acute effects of a plyometric exercise (Drop Jumps), a 

heavy load resistance exercise (barbell back squat) and complex training (Drop jumps + barbell back squat) 

method on reactive strength index and vertical jump performance in physically active individuals. The study 

hypothesized that complex training would improve RSI and VJ performance greater than SQ and DJ treatments.  
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Material & methods  

Study design 

The study was designed as a randomized, crossover study. Therefore, all participants completed three 

experimental sessions namely; drop jump (DJ), barbell back squat (SQ) and complex training (CT) separated by 

48 hour intervals. After the warm-up and the baseline measurements for VJ and RSI in the first session, a 

washout period of 20 min was given. Participants walked on the treadmill with 4 km/h pace and then assigned to 

either DJ, SQ or CT in a randomized manner. The experimental design is presented in detail in table I. Before 

and after each session, participants were tested for RSI and VJ. All tests were performed in the resistance 

training lab of Kinesiology and Exercise Sciences Department at University of Hawai’i at Hilo by the same 

researcher, at similar times (1:00 pm to 3:00 pm) of day to avoid the possible effects of circadian rhythm on 

performance. Participants received an oral explanation of the experimental design and signed an informed 

consent form before joining the study. Individuals who are used to taking any supplements apart from protein 

powder were also excluded from the study. Participants were asked to refrain from strenuous physical activities 

and to keep the same nutritional habits throughout the study and to avoid the intake of excessive caffeine (more 

than 2 cups of coffee) 6 hours before testing and alcohol 24 hours before testing.  

Participants  

Using the study done by Sharma et al. (2018) which shows a significant increase in vertical jump with 

the use plyometrics as a PAPE exercise (p < 0.05, ES= 1.09), an a priori power analysis was conducted 

indicating that approximately 9 participants were required to have 0.80 statistical power. Nineteen physically 

active individuals (11 males and 8 female) participated in this study. Participants’ descriptive characteristics 

were presented in the table II. Inclusion criteria were determined as a) having ≥1 year of back squatting and 

plyometrics experience, b) resistance training at least 3 times /week, c) being free from any musculoskeletal 

injuries, cardiovascular and neurological disorders. This study was conducted in accordance with the ethical 

standards of Helsinki Declaration and was approved by the Institutional Review Board (Office of Research 

Compliance Human Studies Program, University of Hawai’i, Protocol number: 2019-00686). 

Data collection  

Measurement of body mass and height: Body mass and height of the participants were determined by a 

digital scale (Tanita WB800P, USA) 

Warm-up session: Each session started with a general warm up consisted of 5 min walk on a motor 

driven treadmill (2 min walk at 4 km /h and 3 min 5 km/h speed), followed by a series 2 min of dynamic 

stretches. Dynamic stretching consisted of heel to toe walks, walking lunges, standing hamstring stretch and 

walking knee lift. Each exercise was performed with a smooth tempo for 2 x 15 sec with 15 sec rest interval 

between exercises. 

Determination of 3 RM Barbell Back Squat (SQ) and SQ session: SQ was performed using a 

competition barbell and plates approved by International Weightlifting Federation (Eleiko, Sweden). National 

Strength and Conditioning Association’s (NSCA) guidelines were followed when 3RM measurements were done 

(Haff & Triplett,2016). To establish the 3 RM load, participants were instructed to warm up with a very light 

resistance that allowed them to easily complete 5 to 10 repetitions. After a 1 min. rest period, load was increased 

20% from the initial number to complete 3 to 5 repetitions. Near maximal load of 3RM was attempted after 3 

min. rest. In the case of failure after the 2nd repetition or easy completion of three repetitions, load was reduced 

or increased 5% respectively and another attempt was made after 3 min resting period (Haff & Triplett,2016). 

Additionally, each participants’ back squat depth was determined with an adjustable platform where the hip joint 

was slightly lower than the top of the knees so participants were able to make a gentle contact with the platform. 

The platform served as a reference point at the bottom position during the eccentric, descending portion of the 

back squat and participants were instructed to gently touch the platform for the repetitions to be valid during the 

exercise. SQ exercise was performed with 1 second up and 1 second down lifting tempo.  

SQ exercise was performed as 2 sets of 3 reps with 3 min between sets with roughly 90% of 1 RM due to 

previous researchers indicating superior effects of PAPE when heavier loads are preferred (Dobbs et al.,2019; 

Arias et al.,2016; Golas et al.,2016).   Specific warm up before the 3RM loading for the back-squat exercise 

consisted of; 5 repetitions at 40% of pre-determined 3RM, 2 min rest followed by 2 repetitions at 75% of 3RM.  

Drop jump (DJ) session: After the participants completed two vertical jumps in place with 70-80% 

effort, they also performed a slow drop jump from the platform (similar to a depth jump) as a warm up for DJ. 

Participants were instructed to step off from the platform and as soon as they land with both feet (double leg 

drop jump), they performed an explosive vertical jump upon making contact with the ground (analogy of 

“Ground is hot” was used as a cue). Each participant performed 2*10 reps drop jumps with 3 min rest between 

sets. Box height was adjusted depending on subject’s body mass with the independently developed formula of:  

Box height (inches) = 2400/body mass (lbs.).  

Complex training (CT) session: Participants performed back squats with 3 repetitions at 90 % 1 RM 

followed by 5 drop jumps. This was considered to be one complex pair (Comyns et al.,2007) and it was 

performed 2 sets with 3 min rest. The same instructions that were used for drop jumps and back squats were 

provided to participants.  
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PAPE Rest time: Although some researchers argued that PAP effect is short-lived (1-5 min depending 

on myosin light chains phosphorylation) (Macintosh et al.,2012; Bevan et al.,2010), PAPE, on the another hand, 

as shown in numerous human studies takes at least several minutes to appear (6-10 min) and then may last for > 

15 min is based on muscle temperature, muscle blood flow and/or water content, increased neural drive and 

increased muscle-tendon stiffness (Blazevich & Babault, 2019). For that reason, after each treatment, 

participants undertook an 8 min. free walking rest period before performing the VJ and RSI tests, due to some 

authors indicating the optimal recovery time as 8 min after PAPE exercises (Abbes et al.,2018; Golas et al.,2016; 

Turner et al.,2015; Kilduff et al.,2008). 

 

Measurement of RSI and VJ: RSI and VJ height was measured by a wireless jump mat system 

(Ezejump, Australia). For the VJ; participants were instructed to do two maximal effort vertical jumps from 

akimbo position with 1 min rest interval. If there was an increase in jump height, participants performed an 

additional jump after 1 min rest. Best vertical jump height was taken for statistical analysis. For the RSI 

measurements; participants were instructed to do 10 consecutive jumps with an emphasis on keeping the ankles 

stiff, knees relatively soft and spending minimum time on the mat whilst trying to achieve maximum height for 

each jump. Mean of 10 RSI value was taken for statistical analysis. Overall study design can be seen in table 1.  

 

Table 1.  Study design 

 

I. session II. session III. session  

3RM SQ determination  

  +  

PAPE loading  

(SQ, DJ or CT) 

 

PAPE loading 

(SQ, DJ or CT) 

 

PAPE loading 

(SQ, DJ or CT) 

Warm-Up:  

 Run on treadmill (2.5 m/h for 2 min.+ 3.5 m/h for 3 min with 2 % inclination) 

 Dynamic stretching: Heel to toe walks, walking lunges, standing hamstring stretch and walking knee lift.  

 Each dynamic stretching exercises was performed 2x15 sec with 15 sec rest between exercises. 

2 min rest 

RSI and VJ Test 

Two measurements for each, performed with 2 min. between RSI and VJ. Highest scores were taken for statistical analysis 

(order randomized) 

 3 RM back squat at 90 % of 1 

RM followed by 5 depth jumps 

 2 sets with 3 min rest 

 

 2 sets of 3 RM back squat @ 90 % 

of 1 RM with 3 min rest 

 2 sets x 10 depth jumps with 3 min 

rest 

 

8 min rest for PAPE 

RSI and VJ Test 

Two measurements for each, performed with 2 min. rest. Highest scores were taken for statistical analysis 

Cool down 

 

Statistical analysis  

G*Power statistical analysis software version 3.1.9.2 was used for calculating statistical power when 

determining sample size. For statistical analysis, Shapiro-Wilk test was used to ensure the normal distribution of 

the results and descriptive statistics were shown as “mean ± standard deviation”.  

 

A repeated measure one-way analysis of variance (ANOVA) was used to test for significant differences 

for reactive strength index and vertical jump in three different treatment sessions. Sphericity was tested with 

Mauchly’s sphericity test and when sphericity condition was not established, Greenhouse-Geisser test was used. 

Intra session differences between pre and post loading conditions for RSI and VJ were tested using the paired 

samples t-test. Standardized effect sizes were calculated using Cohen’s d formula. The threshold of magnitude 

adopted was: ≤0.19 trivial; between 0.20-0.59 small; 0.60-0.79 moderate; and > 0.80 large. Statistical analysis 

was performed using the SPSS® program (V22, Chicago IL, USA) and the statistical significance was set at 

α=0.05. 

 

Results 

Participants’ characteristics were presented in Table 2. Paired comparisons for pre to post differences 

were also presented in table 3 for RSI and VJ in SQ, DJ and CT sessions, respectively. Within-group differences 

(pre vs. post-intervention), there was only a statistical difference in RSI after complex training (p=0.004) with a 

small effect size (ES=0.48). All of the effect sizes were trivial with two exceptions of DJ on RSI (ES=0.25, 

small) and CT on RSI (ES=0.48) as mentioned above (Table 3). No statistical difference was found between RSI 

and VJ between three different treatments for both pre and posttest values (p>0.05) (Table 4). 
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Table 2.  Descriptive characteristics of the participants 
Variables 

n=19 (11 male, 8 female)  Mean ± SD 

Age (year) 28.42 ± 7.79 

Height (cm) 175.85 ± 10.93 

Body mass (Ibs) 169.94 ± 31.27 

Training experience (year) 4.4 ± 3.58 

Training volume (weekly hrs.) 3.88 ± 0.90 

3RM Load (lbs.) 233 ± 61.70 

 

Table 3.  Paired comparison of RSI and VJ in SQ, DJ and CT sessions  

  

  

Squat session (SQ) Depth jump session (DJ) Complex training session (CT) 

Pre test Post test 

p ES 

Pre test Post test 

p ES 

Pre test Post test 

p ES 

Mean ±SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ±SD 

RSI 

(mm/m

s) 

21.93±3.49 21.94±10.94 0.99 0.01 20.89±13.04 24.05±11.87 0.14 
0.2

5  
17.53±2.77 22.06±9.63 0.004* 0.48  

VJ 

(cm) 
43.63±11.17 43.45±11.24 0.84  0.01 41.54±9.84 42.40±10.38 0.19 

0.0

8  
43.48±10.35 42.93±10.1 0.44 0.05  

 

*p<0.05,   RSI: Reactive strength index; VJ: Vertical jump ES: Effect size  

 

Table 4. Comparison of differences for RSI and VJ between SQ, DJ and CT sessions 

Variables 
Squat Session 

(SQ) 

Depth Jump 

Session (DJ) 

Complex Training 

Session (CT) 
p 

Pretest RSI 

(mm/ms) 
21.93±3.49 20.89±13.04 17.53±2.77 0.64 

Posttest RSI 

(mm/ms) 
21.94±10.94 24.05±11.87 22.06±9.63 0.87 

Pretest VJ  

(cm) 
43.63±11.17 41.54±9.84 43.48±10.35 0.83 

Posttest VJ (cm) 43.45±11.24 42.40±10.38 42.93±10.1 0.93 

RSI: Reactive strength index; VJ: Vertical jump 

 

Discussion 

This study aimed to compare the acute effects of drop jumps, back squats and complex training method 

on reactive strength index and vertical jump performance in physically active participants. The main finding of 

the study was that although CT method improved RSI (p=0.004) based on within-group differences (pre vs. post-

intervention), there were no differences between SQ, DJ and CT treatments for RSI and VJ. This result did not 

support the hypothesis of the study that stated “Complex training improves RSI and VJ performance greater than 

back squats and drop jump treatments.”  

Although plyometrics, heavy load resistance exercises and complex training method are widely used 

PAPE exercises, acute effects of these exercises or methods on power, and thus explosive muscle performance, 

remains relatively controversial. To our knowledge, present study might be the first study that aimed to compare 

the effects of DJ, SQ exercises versus CT method on VJ and RSI which can also be used as performance 

measures of power. 

According to Robbins (2005), and Hrysomallis & Kidgell (2001) the factors that need to be considered 

in examining the effects of heavy resistance exercise on subsequent power performance includes; the volume of 

the resistive exercise, the intensity and type of the resistive exercise, the time between the resistive exercise and 

power activity, the testing protocol, fiber-type distribution, power strength ratio, gender and the training status of 

the participants 
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Although current evidence largely supports the use of a preloading exercise before performing the 

actual skill, sports science literature remains contradictory about the superiority of training modalities including 

plyometrics, heavy load resistance training and complex training on eliciting a PAPE response thus improving 

athletic performance in activities such as sprinting, jumping, change of direction etc. (Jones et al.,2019; Dobbs et 

al.,2019; Dello-Iacono et al.,2017; Sygulla & Fountaine, 2014; Scott & Docherty,2004; Matthews MJ, Matthews 

HP & Snook, 2009; Yetter & Moir,2008). 

Contrary to the result of our study; Dello-Iacono et al. (2017) reported that drop jump based- PAPE 

exercises (vertical single-leg drop-jumps or horizontal single-leg jumps) improve CMJ, RSI, leg-spring stiffness 

and change of direction (COD) performance in elite handball players. Blagrove et al. (2019) reported that a set of 

six DJ in the warm up routine of well-trained young male middle distance runner is likely to provide a moderate 

improvement in running economy (RE) in consequence of PAPE. Also, Cuenca-Fernández et al. (2017) reported 

that back squat (4 repetitions at 90 % of 1RM), bench press (4 repetitions at 90 % of 1RM) and back squat 

addition to bench press (4 repetitions at 90 % of 1RM) are eliciting to PAPE in increasing squat jump 

performance in varsity level swimmers. 

Whereas, Scott & Docherty (2004) reported that 1 set of 5 repetition maximum (5RM) back squats does 

not improve VJ and horizontal jump (HJ) performance in resistance-trained men. Sygulla & Fountaine (2014)  

also showed that a PAPE loading, consisting of max. reps back squat at 90 % 1RM followed by 5 min rest failed 

to potentiate squat jump performance in NCAA Division II female athletes as well.  

Contrary to the above studies, Matthews et al. (2004) reported that a set of 5 RM heavy back squat exercise 

improve 20 m sprint time in male rugby players. Similar to Matthews et al. (2004), and Yetter & Moir (2008) 

reported that heavy back squat and heavy front squat exercises improve 40 m sprint time.  

When examining CT, Jones et al. (2019) reported that CT method (heavy load bench press followed by 

plyometric push-ups) might be superior in eliciting a greater peak force output than the standard bench press 

(BP) as a PAP exercise in NCAA Division-I male wrestlers. Additionally, Comyns et al. (2007) reported that CT 

method (3 reps SQ at 93 % 1 RM followed by 3 reps of drop jumps with 4 min rest) improve RSI based on the 

increase of MTU stiffness and decreased ground contact time in male rugby players. This result was attributed to 

the increase in neuromuscular activation owing to the prior contractile activity (PAP) (Comyns et al.,2007). 

Individual variability in responses to a prior loading exercise seems relatively high and several different 

variables such as individual's relative strength, gender, neuromuscular characteristics, current fatigue state and 

training background should be carefully taken into consideration to find the ideal setting for a specific type of 

athlete (Sevilmiş & Atalağ,2019; Suchomel, Lamont & Moir, 2016). For instance; Chen et al. (2017) argued that 

stronger individuals were able to elicit greater PAPE than their weaker counterparts. Gołaś et al. (2016) also 

noted the importance of the balance between the intensity of loading and the rest time. Tillin & Bishop (2009) 

reported that following a PAPE inducing stimulus, a state of neuromuscular activation and fatigue coexist, 

therefore selecting a recovery time that allows fatigue to dissipate yet a state of activation to remain, is essential 

to ensure a benefit realized. Tillin & Bishop (2009), and Maloney et al. (2014) reported that enhancements of 

voluntary contractions peak 7-10 min after conditioning activity. There were a significant number of studies 

indicating the optimal recovery time as 8 min after PAPE exercises (Abbes et al.,2018; Gołaś et al., 2016; Turner 

et al.,2015; Kilduff et al.,2008), therefore rest interval was set at 8 min. in our study. However, in a study by Do 

Carmo et al. (2020) self-selected rest interval (5:57 ± 2:44 min:sec) was superior to fixed rest intervals of 4 min 

and 8 min.    

A possible explanation as to why CT improved RSI ( p=0.004, ES= 0.48) based on within-group 

differences (pre vs. post-intervention) whereas SQ and DJ did not in our study is that; since most of the 

participants in our study can be referred as well conditioned student athletes (3.88 ± 0.9 h/week resistance 

training volume) and used heavy loads in their strength training regimens regularly (3RM load = 233 ± 61.70 

lbs), 8 min rest interval might cause a possible cool down and dissipation of PAPE after SQ and DJ treatments as 

they were arguably less intense (3RM + 5 drop jumps for complex training vs 3 RM and 10 drop jumps for SQ 

and DJ respectively), whereas complex training method might have put more physical demand on the 

participants, requiring a longer rest to get the potentiation effects. For that reason, a relatively long 8 min rest 

might have better suit CT and not SQ or DJ.  

It has been also proposed that a heavy load conditioning exercise increases higher order motor neuron 

recruitment, which theoretically might increase fast-twitch fiber contribution and thus enhance performance in 

subsequent explosive activities (Yetter & Moir, 2008; Comyns et al.,2007; Trimble & Harp,1998). Moreover, 

Comyns et al. (2007) suggest that 93% of 1-RM may be the optimal resistive load for lower body complex 

training which is slightly higher than what we used in our study. 

 

Conclusion 

There was no difference found between DJ, SQ and CT method to elicit a PAPE response for improving 

VJ and RSI. Although CT improved RSI, there was no difference in pre and posttest values for VJ and RSI 

between DJ, SQ and CT. Furthermore, there was no performance decrement after DJ, SQ exercises and CT 

method as well. Because of no detrimental effects; coaches, players or fitness participants might prefer to use 

these exercises or methods interchangeably and safely to avoid training monotony. It has been well documented 
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that prior to training or competition warm up provides optimal performance and reduce sports induced injury 

(Robbins, 2005). Warm up can include submaximal aerobic exercises, heavy load resistance exercises or more 

extreme applications like a PAPE based CT. However, there are several factors such as PAPE training volume 

and intensity, recovery time, inter-individual variability (training background, strength level, muscle fiber type, 

sex, chronological age etc.) which seem to effect PAPE. Further investigations are required to continue exploring 

the effects of PAPE exercises mentioned above with a different set of variables specifically in recreational 

athletes or fitness participants as the optimal modality still remain controversial and relatively unknown. 
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