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Abstract

Objectives: This study examined the acute effects of back squats 
on jump performance with a focus on the individual recovery interval 
for postactivation potentiation (PAP) through a discontinuous time 
course. 

Methods: Eleven elite badminton athletes performed 3 
countermovement jumps (CMJs) at 10 randomized and separate 
testing sessions, 3-12 mins after 3 repetitions of maximal back 
squats at 90% one-repetition maximum. Power output, force, 
velocity and jump height were determined for all CMJs. 

Results: There was no significant main effect in CMJ kinetic 
variables across the time course of the recovery intervals. 
Percentage differences at each recovery interval revealed mostly 
insubstantial differences in peak power, mean power, peak force, 
peak velocity, mean velocity and jump height. Only mean force 
showed trivial to small improvements from baseline measures. 
Individual athletes attained maximal values for CMJ kinetic variables 
at different recovery intervals, yet this did not result in improvement 
of jumping performance. 

Conclusion: Even though the potentiation of the mean response 
for jump kinetic variables at each recovery interval was mostly 
insubstantial, the considerable potentiation observed for individual 
athletes in power and jump height may warrant substantial 
advantage in athletic performance, making it prudent to pre-
determine the optimal protocol to induce PAP to enhance jump 
performance. 

Keywords

Complex training; Jump performance; Discontinuous time course

*Corresponding author: Julian Lim, Sports Science Centre, Singapore 
Sports Institute, Singapore, E-mail: limjulian83@gmail.com 

Received: September 06, 2016 Accepted: September 16, 2016 Published: 
September 21, 2016

increase the rate of force development that would lead to an increase 
in acceleration and velocity [3]. Postactivation potentiation refers 
to the enhanced neuromuscular condition observed after an initial 
bout of heavy resistance exercise [4]. Both acute and chronic gains in 
muscular strength and power may be further enhanced by performing 
an explosive power exercise, while the affected muscle groups are in 
this potentiated state [4]. 

Past research has shown that the peak instantaneous power 
output during both the squat and countermovement jumps (CMJ) 
was significantly higher in the elite than the sub-elite badminton 
athletes [5], indicating that lower body power development is a 
substantial performance indicator in the sport of badminton. Thus, 
it maybe useful to investigate the optimal complex training protocol 
to maximize the utilization of post-activation potentiation (PAP) in 
CMJs, to enhance power development for the elite badminton athlete.

One of the challenges of implementing complex training is 
determining the optimal intra-complex recovery (i.e. rest interval 
between conditioning stimulus and ballistic exercise). While there are 
past studies [6-10] that had investigated the optimal intra-complex 
recovery, these did not take into account that repeated performance 
measures in a continuous trial (i.e. assessing a series of recovery 
intervals in a single trial) may further enhance the effect of PAP and/
or induce greater fatigue development. This may affect the interplay 
of PAP and fatigue in the complex training set.

Only two studies have looked into investigating the intra-complex 
recovery in a discontinuous trial (i.e. assessing each recovery interval 
individually) for lower body complex training [11,12]. The first study 
[11] investigated the countermovement jumps of sprinters, jumpers 
and rugby athletes, performed on a specially constructed sledge and 
force platform apparatus, before and after a 5 repetition maximum 
back squat lifting protocol. This procedure was repeated 4 times using 
recovery intervals of 30 secs and 2, 4, and 6 mins. The second study 
[12] investigated the jump squats of physically trained males, before 
and after a 5 repetition maximum back squat lifting protocol, and the 
procedure was repeated 3 times using recovery intervals of 4, 8, and 
12 mins. Both studies reported that no single rest interval showed 
a significant advantage for the plyometric performance, concluding 
that a participant’s optimal recovery time for improvement varies. 
Past systemic reviews (with meta-analyses) in the assessment of the 
temporal profile of PAP, show that there is considerable evidence 
of positive impacts of PAP for performance, but reported a lack of 
consensus regarding the optimal intra-complex recovery (recovery 
interval ranging from 3-10 mins) [13,14].

In order to address some of the methodological discrepancies 
in the assessment of the temporal profile of PAP, it was essential 
to consider extending the time course of intra-complex recovery. 
As such, the aim of this study was to determine the optimal intra-
complex recovery for acute lower body power development using a 
discontinuous time-course trial, in elite badminton athletes.

Methods
Subjects

Eleven elite male Singapore badminton athletes (age=20.4 ± 3.7 

Introduction
Badminton is an intermittent, high-intensity racket sport, 

characterised by explosive movements involving jump smashes, 
lunges and rapid directional changes [1]. Many aspects of a strength 
and conditioning program for an elite badminton athlete centre 
on developing lower body power, with complex training being 
commonly utilised. Complex training involves muscular contractions 
of near-maximal loads, prior to performing an explosive movement 
with similar biomechanical characteristics [2]. This training 
technique can take advantage of post activation potentiation (PAP) to 
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years; body mass=71.8 ± 8.5 kg; absolute 1RM squat=129 ± 15.3 
kg; relative 1RM squat=1.81 ± 0.18) gave their informed consent to 
participate in the study. Singapore is currently ranked 13th in the 
Badminton World Federation (BWF) world team rankings (as of 
October 2015). Inclusion criteria stated that athletes must be in the 
Singapore Badminton Association National Training Squad, actively 
competing in the BWF tournaments, Super Series and Grand Prix and 
must have had at least 2 years of experience with full-time strength 
and conditioning training. 

All athletes were informed of any risks associated with 
participation in the study and were free to withdraw if they desired. 
A physical activity and medical questionnaire were administered to 
determine training history and to inquire about any medical contra-
indications. The athletes signed a written informed consent form 
prior to participating in any of the testing procedures. Data collection 
was conducted at the Performance and Rehabilitation Gym at the 
Singapore Sports Institute. This study was approved by the Singapore 
Sports Institute Institutional Review Board and was performed in 
accordance with the Helsinki Declaration.

Experimental protocol

In order to minimise the effect of possible confounders such 
as sex, training status and training type, a homogenous group of 
elite badminton athletes was recruited. The jump squat kinetic and 
kinematic variables of the athletes were assessed in response to a 
conditioning stimulus (CS). The dependent variables were assessed 
at baseline and at ten discrete recovery intervals (3, 4, 5, 6, 7, 8, 9, 
10, 11 and 12 min) after the execution of a 3 repetition maximum 
(RM) back squat CS. The recovery intervals were allocated on a 
randomised basis [15] and assessed via ten discontinuous trials (each 
recovery interval assessed on a separate days). This was in line with 
the recovery time course of previous research studies [13,14]. The test 
trials for each athlete were performed at the same time of day under 
similar conditions and were completed within 3 weeks to minimize 
inter-session variability and potential changes in training status. 
The data were analysed to determine the effect of different recovery 
intervals on subsequent countermovement jump performance in elite 
badminton athletes [16].

The athletes participated in 2 baseline sessions and then 
completed 10 PAP testing sessions on different days. All testing 
sessions were separated by at least 48 hours, and athletes were asked 
to maintain their normal training and dietary habits throughout the 
study. Prior to baseline and testing sessions, participants performed 
a standard warm-up consisting of dynamic stretches of the lower-
body musculature and 2 sets of 3 unloaded CMJs performed at a self-
assessed 75% and 85% intensity, with 30 secs rest allocated between 
sets. Following completion of the warm-up, a 5 min rest period was 
provided prior to collection of test measures.

Two baseline sessions were used to brief the athletes on the 
experimental set-up, obtain anthropometric measurements, assess 
their maximal lower body strength level and obtain baseline values 
of their countermovement jump. All athletes were technically 
competent in back squat exercise and had sound jumping technique. 

Experimental measurements

The 1 Repetition Maximum (1RM) back squat strength for each 
athlete was determined according to standard practice outlined by 
the National Strength and Conditioning Association [17]. A 1RM 
lift was deemed successful if the top of the thigh is parallel to the 

ground at the lowest point of the squat and finished at the apex with 
a complete range of motion. The safety squat device (Bigger Faster 
Stronger Incorporated, Utah, USA) was used to ensure that each 
participant archived a proper squat position. This device was placed 
on the anterior portion of the widest girth of the thigh and would 
emit a ‘beep’ sound when the athlete squatted to correct depth, 
corresponding to the device being angled parallel to the ground. The 
1RM value determined was used to calculate approximately 3RM 
(90%1RM) values for use in the 10 PAP testing sessions 

The baseline testing sessions also included two separate days of 
assessment of 3 maximal–effort CMJs. The best of 3 CMJs on each of 
the 2 days was used to access the reliability of the CMJ variables and 
also act as the baseline measurements for the CS protocol. The typical 
errors (TE) expressed as coefficients of variation (%CV) are reported 
for the CMJ kinetic variables (Table 1).

The PAP testing sessions involved a single set of 3 repetitions 
back squat at 90%1RM, followed by 3 maximal-effort CMJs, at the 
designated recovery-interval following the CS. Each athlete was 
instructed to perform each CMJ as explosively as possible to achieve 
maximal power output. The CMJs were performed at a self-selected 
depth and the involvement of upper body momentum was limited by 
having the athletes hold an inflexible polyvinyl chloride (PVC) pipe 
across the back of the shoulders.

All CMJs were performed with the athletes standing on a force 
plate (400 Series Performance Force Plate, Fitness Technology, 
Adelaide, Australia) linked with a linear position transducer (PT5A 
Position Transducer, Fitness Technology, Adelaide, Australia) 
interfaced with computer software (Ballistic Measurement System, 
Fitness Technology, Adelaide, Australia) that allowed direct 
measurement of force-time (force plate) and displacement-time data, 
sampling at a frequency of 200 Hz.

Statistics

The kinetic variables of the best CMJ (highest peak power) 
performed in each trial, were calculated for each athlete. The mean 
change in kinetic variables between baseline and post CS measures 
at each recovery interval was compared using a one-way repeated 
measures analysis of variance (ANOVA) followed by Bonferroni 
post hoc tests. All data were analyzed for normality and parametric 
statistics were applied accordingly. Statistical significance was set at 
p≤0.05. All analyzes were performed using the Statistical Package for 
the Social Sciences Version 23.0 for Windows software (SPSS, Inc., 
Chicago, IL). Differences between trials were assessed using Cohen’s 
effect size (ES) statistic with modified descriptors. Magnitudes of 
standardized differences of <0.2, <0.6, <1.2, <2.0, >2.0 are interpreted 
qualitatively as trivial, small, moderate, large, and very large ES [18]. 
To make inferences about the true value of an effect, the uncertainty 
in the effect was expressed as 90% confidence limits (CL) [18]. Where 
the CL for the ES extended beyond ±0.2, effects were deemed unclear. 

Variable %CV ICC
Peak power (W) 2.5×/÷1.5 0.97 ± 0.02
Mean power (W) 4.1×/÷1.5 0.91 ± 0.03
Peak force (N) 9.3×/÷1.5 0.84 ± 0.02
Mean force (N) 2.5×/÷1.5 0.96 ± 0.06
Peak velocity (m/s) 4.4×/÷1.5 0.96 ± 0.05
Mean velocity (m/s) 4.8×/÷1.5 0.73 ± 0.20 
Jump height (m) 4.0×/÷1.5 0.86 ± 0.09

Table 1: Typical error of countermovement jump kinetic and kinematic variables.
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The smallest worthwhile change (quantified as 0.2 of the between-
athlete SD) for kinetic variables was classified as trials displaying 
PAP. All values, unless otherwise stated, are expressed as mean ± 
standard deviation (SD). 

Results
The main findings of the study revealed that in the majority 

of individuals and time-points, the differences in the dependent 
variables were in a negative direction, compared to a few possible 
positive changes. There was no significant main effect in CMJ kinetic 
variables across the time course of the recovery intervals [peak power 
(F=2.734; p=0.051), mean power (F=1.183; p=0.312), peak force 
(F=1.425; p=0.18), mean force (F=0.827; p=0.603), peak velocity 
(F=1.159; p=0.328), mean velocity (F=1.308; p=0.236) and jump 
height (F=1.746; p=0.081)]. Percentage differences at each recovery 
interval revealed mostly insubstantial differences in peak power (ES: 
-0.67 to -0.05; CL: 0.18 to 0.37), mean power (ES: -0.57 to -0.13; CL: 
0.24 to 0.57), peak force (ES: -0.27 to 0.02; CL: 0.2 to 0.28), peak 
velocity (ES: -1.54 to -0.54; CL: 0.7 to 1.46), mean velocity (ES: -1.34 
to -0.61; CL: 0.4 to 1.08) and jump height (ES: -1.02 to -0.46; CL: 0.32- 
0.71). Only mean force (ES: 0.03 to 0.20; CL: 0.13 to 0.18) showed 
trivial to small improvements from baseline measures. The above 
power and jump height data are shown in Tables 2 and 3 respectively. 
Individual athletes attained maximal values for CMJ kinetic variables 
at different recovery intervals, yet this did not necessarily result in 
net potentiation and improvement in jump performance. 8 athletes 
displayed potentiation in peak power (change in performance ≥ 
2.46%) (Figure 1), 6 athletes displayed potentiation in mean power 
(change in performance ≥ 4.14%) (Figure 2) and 4 athletes displayed 
potentiation in jump height (change in performance ≥ 3.97%) 
(Figure 3). All Figures are available as supplementary materials 
online. Despite the potentiation observed for individual athletes in 
these jump performance outcomes (power and jump height), the 
potentiation of the mean response for jump kinetic variables at each 
recovery interval was mostly insubstantial.

Discussion
The aim of this study was to determine the optimal intra-

complex recovery for acute lower body power development using 
a discontinuous time-course trial, in elite badminton athletes. The 
results show insubstantial differences in the mean jump kinetic and 
kinematic variables across the time course. Other than mean force, 
there was a trivial to small magnitude decrement across the jump 

performance variables. This was despite the use of a non-continuous 
time course to evaluate the optimal intra-complex recover interval 
for the PAP protocol. However, it was also observed that there was 
substantial potentiation observed in some individuals in useful jump 
performance measures (power and jump height) [19]. This highlights 
the inter-individual variability of jump kinetic variables reported in 
the time course of PAP and emphasizes the impact this has on the 
expression of potentiation of the overall mean response.

Although there is considerable literature advocating the use of a 
CS to enhance subsequent jump performance, mixed results had been 
reported regarding the degree of improvements; overall decrease, 
increase or no change [2,15]. Based on current meta-analyses [20], it 
appears that the effects of PAP are relatively small, but such findings 
must be taken with care, as it appears that PAP responses may vary 
between individuals, indicating a responder versus non-responder 
phenomenon. Each individual’s change in jump performance 
after a CS may be explained by the interplay between fatigue and 
potentiation [21]. Thus, jump performance may decrease if fatigue 
dominates potentiation, be enhanced if potentiation dominates 
fatigue, and/or remain unchanged if fatigue and potentiation are at 
similar levels. Characteristics of both the individual (training status, 
resistance training experience, strength levels) and CS (type, intensity, 
volume and rest interval) potentially influence the balance between 
potentiation and fatigue in a complex training set [2,9,15,14].

The current study sought to adhere to the set recommendations 
of an effective complex training set for both the participants (training 
status=elite badminton athletes; resistance training experience=≥2 
year; strength levels=≥1.8 relative lower body 1RM) and CS protocol 
(type=traditional high-intensity; intensity=90% 1RM; volume=single 
set for stronger individuals) [13]. The main objective was to also utilise 
a discontinuous time course to eliminate any potential influence of 
additional potentiation and/or fatigue in the determination of the 
optimal rest interval. Although no significant mean effect of the 
CMJ kinetic variables across the time course of the recovery intervals 
were observed, individual athletes attained maximal values in jump 
performance. An improvement in jump performance was noted 
if it exceeded the smallest substantial difference of respective CMJ 
kinetic variables examined during the reliability study. The current 
study showed that individual athletes displayed enhancements in 
peak and mean power output, and jump height in subsequent CMJ 
performance. It was previously reported that both peak power and 
jump height are reported as useful indicators of jump performance 
[19]. The results are in line with two similar studies that utilised a 

Peak Power

 
 

Mean Power
Recovery 
Interval Power (W)  ± 90% CL %Δ ES;  ± 90% CL Recovery 

Interval Power (W)  ± 90% CL %Δ ES;  ± 90% CL

Baseline 5890 ± 727 Baseline 1574 ± 192
3min 5756 ± 740 132.17 -2.28% -0.18 ± 0.18 3min 1547 ± 215 45.94 -1.70% -0.14 ± 0.24
4min 5854 ± 960 268.92 -0.61% -0.05 ± 0.37 4min 1538 ± 245 108.52 -2.24% -0.18 ± 0.57
5min 5685 ± 677 200.88 -3.48% -0.28 ± 0.28 5min 1533 ± 226 77.35 -2.53% -0.21 ± 0.40
6min 5658 ± 530 215.5 -3.93% -0.32 ± 0.30 6min 1512 ± 176 76.87 -3.93% -0.32 ± 0.40
7min 5554 ± 625 187.11 -5.70% -0.46 ± 0.26 7min 1486 ± 183 60.96 -5.59% -0.46 ± 0.32
8min 5499 ± 693 142.28 -6.63% -0.54 ± 0.20 8min 1496 ± 189 47.52 -4.96% -0.41 ± 0.25
9min 5498 ± 701 168.27 -6.66% -0.54 ± 0.23 9min 1479 ± 168 60.91 -5.99% -0.49 ± 0.32
10min 5570 ± 764 256.23 -5.44% -0.44 ± 0.35 10min 1488 ± 184 83.74 -5.46% -0.45 ± 0.44
11min 5404 ± 623 239.49 -8.24% -0.67 ± 0.33 11min 1465 ± 206 89.34 -6.90% -0.57 ± 0.47
12min 5571 ± 731 196.99 -5.42% -0.44 ± 0.27 12min 1549 ± 270 77.82 -1.54% -0.13 ± 0.41

Table 2: Mean ( ± SD) cohort response for countermovement jump peak and mean power (W) to the conditioning stimulus after different recovery intervals during the 
discontinuous time course trial (n=11).
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the time course, the study summarized that the 4 min rest interval 
displayed the greatest magnitude and frequency of potentiation 
of various jump squat variables. These studies reflect the need 
for such investigations to approach the utilization of magnitude-
based inferences to the data to look at individual responses, 
beyond group means.

Both author groups contended that analysis and interpretation of 
mean data were not appropriate for determining the temporal profile 
of PAP, highlighting the importance of determining the individual 
response to the time course of potentiation. Whilst potentiation of 
CMJ variables was realized in some individuals, high inter-individual 
responses to the time course of potentiation were present, resulting 
in insubstantial differences in the cohort response at different 
recovery intervals. Even though initial assessment revealed mostly 
insubstantial differences in the percentage differences of jump 
performance variables at each recovery interval, the study used 
magnitude-based inferences and found trivial to moderate decrement 
in peak power, mean power, peak force, peak velocity, mean velocity 
and jump height of subsequent CMJs. However, mean force showed 
trivial to small improvements in jump performance. 

discontinuous time course in a complex training set, but reported 
that the changes in CMJ performance were not statistically significant 
[11,12].

In the first study, 18 moderately trained men and women (sprinters, 
jumpers and rugby athletes; relative 1RM=1.5) performed 3 CMJs 
after completing 5 back squats (87%1RM) in a discontinuous time 
course trial (30 secs and 2, 4, and 6 mins) [21]. Although the authors 
reported no significant changes in ground reaction force or flight 
time at all rest intervals, only the men showed an enhancement in 
jump performance (flight time) after the 4 min recovery interval, 
with an overall significant drop in jump performance after the 6 
min recovery interval. In the second study, 8 physically trained 
men (relative 1RM=1.61) also performed 3 CMJs after completing 
5 back squats (87%1RM) in both continuous and discontinuous 
time course trials (4, 8 and 12 mins) [12]. The authors reported 
changes (not significantly different) in the mean CMJ variables 
(relative and absolute concentric peak power, relative and absolute 
concentric mean power, concentric rate of force development and 
jump height) of the participants, in both time course trials [12]. 
Despite the individual variation in jump performance observed in 

Jump Height    
Recovery Interval Distance (m)  ± 90% CL %Δ ES;  ± 90% CL
Baseline 0.46 ± 0.04
3min 0.438 ± 0.04 0.01 -4.82% -0.58 ± 0.32
4min 0.443 ± 0.05 0.02 -3.79% -0.46 ± 0.45
5min 0.432 ± 0.06 0.02 -6.07% -0.73 ± 0.54
6min 0.427 ± 0.05 0.03 -7.08% -0.85 ± 0.71
7min 0.437 ± 0.05 0.01 -5.00% -0.60 ± 0.33
8min 0.423 ± 0.04 0.01 -8.08% -0.97 ± 0.35
9min 0.421 ± 0.04 0.02 -8.50% -1.02 ± 0.49
10min 0.431 ± 0.05 0.02 -6.38% -0.77 ± 0.61
11min 0.429 ± 0.04 0.02 -6.74% -0.81 ± 0.47
12min 0.432 ± 0.03 0.02 -5.99% -0.72 ± 0.45

Table 3: Mean ( ± SD) cohort response for countermovement jump height (m) to the conditioning stimulus after different recovery intervals during the discontinuous 
time course trial (n=11).

Figure 1: Percentage difference in countermovement jump peak power of individual participants (Δ) in response to a conditioning stimulus after different 
recovery intervals during the discontinuous time course trial (n=11). Smallest worthwhile change in performance is indicated by a solid line (±2.5%). 
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Conclusion
Though the above findings may revealed impractical implications 

in the assessment of the temporal profile of PAP, the ≥2.5% 
enhancement in lower body power output of individual athletes is 
critical for success in athletic performance, both in the training and 
sporting field. This is especially useful for the elite badminton athlete 
to enhance lower body power production, through both a combination 
of force and velocity development; all with the goal of improving his sport 
performance. A training program to optimally utilise PAP, can only be 
realised through having an individual with ideal athletic characteristics, 
and pre-determining an optimal CS protocol specifically tailored to 
induce the effect of PAP to enhance jump performance. As in most other 
PAP studies, PAP itself were not measured since muscle electrical activity 

was not measured in the current study. Thus, further investigation maybe 
warranted to explore the efficacy of utilising such a PAP intervention in 
an athletic population.

Practical Applications
•	 Strength and conditioning coaches should give due 

consideration to an athlete’s training characteristics and 
individual intra-complex recovery times when utilising 
a complex training protocol for training or sporting 
performance.

•	 It may be prudent to identify individual athletes who may 
benefit from this type of training prior to undertaking a 
complex-training intervention. 

Figure 2: Percentage difference in countermovement jump mean power of individual participants (♢) in response to a conditioning stimulus after different 
recovery intervals during the discontinuous time course trial (n=11). Smallest worthwhile change in performance is indicated by a solid line (±4.1%). 

Figure 3. Percentage difference in countermovement jump height of individual participants (Ο) in response to a conditioning stimulus after different recovery 
intervals during the discontinuous time course trial (n=11). Smallest worthwhile change in performance is indicated by a solid line (±4.0%). 
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Nutr Metab 40: 1163-1170.

13. Seitz LB, Haff GG (2015) Factors Modulating Post-Activation Potentiation of 
Jump, Sprint, Throw, and Upper-Body Ballistic Performances: A Systematic 
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14. Wilson JM, Duncan NM, Marin PJ, Brown LE, Loenneke JP, et al. (2013) 
Meta-analysis of postactivation potentiation and power: effects of conditioning 
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39: 147-166.
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18. Hopkins WG, Marshall SW, Batterham AM, Hanin J (2009) Progressive 
statistics for studies in sports medicine and exercise science. Med Sci Sports 
Exerc 41: 3-13.

19. Young W, Cormack S, Crichton M (2011) Which jump variables should be 
used to assess explosive leg muscle function. Int J Sports Physiol Perform 
6: 51-57.

20. Gouvea AL, Fernandes IA, Cesar EP, Silva WA, Gomes PS (2013) The 
effects of rest intervals on jumping performance: a meta-analysis on post-
activation potentiation studies. J Sports Sci 31: 459-467.

21. Rassier DE, Macintosh BR (2000) Coexistence of potentiation and fatigue in 
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•	 Though difficult to implement in a practical setting, a 
discontinuous time course maybe necessary to evaluate the 
optimal recover interval for the PAP protocol.

References
1. Sturgess S and Newton R (2008) Design and Implementation of a specific 

strength program for badminton. Strength Cond J 30: 33-41. 

2. Hodgson M, Docherty D, Robbins D (2005) Post-activation potentiation: 
underlying physiology and implications for motor performance. Sports Med 
35: 585-595.

3. Vandenboom R, Grange RW, Houston ME (1995) Myosin phosphorylation 
enhances rate of force development in fast-twitch skeletal muscle. Am J 
Physiol 268: C596-603.

4. Weber KR, Brown LE, Coburn JW, Zinder SM (2008) Acute effects of heavy-
load squats on consecutive squat jump performance. J Strength Cond Res 
22: 726-730.

5. Ooi CH, Tan A, Ahmad A, Kwong KW, Sompong R, et al. (2009) Physiological 
characteristics of elite and sub-elite badminton players. J Sports Sci 27: 
1591-1599.

6. Crewther BT, Kilduff LP, Cook CJ, Middleton MK, Bunce PJ, et al. (2011) The 
acute potentiating effects of back squats on athlete performance. J Strength 
Cond Res 25: 3319-3325.

7. Kilduff LP, Owen N, Bevan H, Bennett M, Kingsley MI, et al. (2008) Influence 
of recovery time on post-activation potentiation in professional rugby players. 
J Sports Sci 26: 795-802.

8. Mola JN, Bruce-Low SS, Burnet SJ (2014) Optimal recovery time for 
postactivation potentiation in professional soccer players. J Strength Cond 
Res 28: 1529-1537.

9. Seitz LB, de Villarreal ES, and Haff GG (2014) The temporal profile of 
postactivation potentiation is related to strength level. J Strength Cond Res 
28: 706-715. 

10. Witmer CA, Davis SE, and Moir GL (2010) The acute effects of back squats on 
vertical jump performance in men and women. J Sports Sci Med 9: 206-213.

Author Affiliation                            Top
1Sports Science Centre, Singapore Sports Institute, Singapore
2Physical Education and Sports Science Academic Group, National Institute of 
Education, Nanyang Technological University, Singapore
3Singapore Badminton Association, Singapore

Submit your next manuscript and get advantages of SciTechnol 
submissions

 � 80 Journals
 � 21 Day rapid review process
 � 3000 Editorial team
 � 5 Million readers
 � More than 5000 
 � Quality and quick review processing through Editorial Manager System

Submit your next manuscript at ● www.scitechnol.com/submission

http://www.academia.edu/488406/The_optimal_complex_training_rest_interval_for_athletes_from_anaerobic_sports
http://www.academia.edu/488406/The_optimal_complex_training_rest_interval_for_athletes_from_anaerobic_sports
http://www.academia.edu/488406/The_optimal_complex_training_rest_interval_for_athletes_from_anaerobic_sports
http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2015-0175#.V9vaAjUprIU
http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2015-0175#.V9vaAjUprIU
http://www.nrcresearchpress.com/doi/abs/10.1139/apnm-2015-0175#.V9vaAjUprIU
http://www.pubpdf.com/pub/26508319/Factors-Modulating-Post-Activation-Potentiation-of-Jump-Sprint-Throw-and-Upper-Body-Ballistic-Perfor
http://www.pubpdf.com/pub/26508319/Factors-Modulating-Post-Activation-Potentiation-of-Jump-Sprint-Throw-and-Upper-Body-Ballistic-Perfor
http://www.pubpdf.com/pub/26508319/Factors-Modulating-Post-Activation-Potentiation-of-Jump-Sprint-Throw-and-Upper-Body-Ballistic-Perfor
http://journals.lww.com/nsca-jscr/Abstract/2013/03000/Meta_Analysis_of_Postactivation_Potentiation_and.39.aspx
http://journals.lww.com/nsca-jscr/Abstract/2013/03000/Meta_Analysis_of_Postactivation_Potentiation_and.39.aspx
http://journals.lww.com/nsca-jscr/Abstract/2013/03000/Meta_Analysis_of_Postactivation_Potentiation_and.39.aspx
http://journals.lww.com/nsca-jscr/Abstract/2013/03000/Meta_Analysis_of_Postactivation_Potentiation_and.39.aspx
http://link.springer.com/article/10.2165/00007256-200939020-00004
http://link.springer.com/article/10.2165/00007256-200939020-00004
http://link.springer.com/article/10.2165/00007256-200939020-00004
http://www.pubpdf.com/pub/19092709/Progressive-statistics-for-studies-in-sports-medicine-and-exercise-science
http://www.pubpdf.com/pub/19092709/Progressive-statistics-for-studies-in-sports-medicine-and-exercise-science
http://www.pubpdf.com/pub/19092709/Progressive-statistics-for-studies-in-sports-medicine-and-exercise-science
http://www.pubfacts.com/detail/23140550/The-effects-of-rest-intervals-on-jumping-performance-a-meta-analysis-on-post-activation-potentiation
http://www.pubfacts.com/detail/23140550/The-effects-of-rest-intervals-on-jumping-performance-a-meta-analysis-on-post-activation-potentiation
http://www.pubfacts.com/detail/23140550/The-effects-of-rest-intervals-on-jumping-performance-a-meta-analysis-on-post-activation-potentiation
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2000000500003
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2000000500003
http://journals.lww.com/nsca-scj/Abstract/2008/06000/Design_and_Implementation_of_a_Specific_Strength.7.aspx?trendmd-shared=0
http://journals.lww.com/nsca-scj/Abstract/2008/06000/Design_and_Implementation_of_a_Specific_Strength.7.aspx?trendmd-shared=0
http://link.springer.com/article/10.2165/00007256-200535070-00004
http://link.springer.com/article/10.2165/00007256-200535070-00004
http://link.springer.com/article/10.2165/00007256-200535070-00004
https://www.researchgate.net/publication/5415198_Acute_Effects_of_Heavy-Load_Squats_on_Consecutive_Squat_Jump_Performance
https://www.researchgate.net/publication/5415198_Acute_Effects_of_Heavy-Load_Squats_on_Consecutive_Squat_Jump_Performance
https://www.researchgate.net/publication/5415198_Acute_Effects_of_Heavy-Load_Squats_on_Consecutive_Squat_Jump_Performance
https://www.researchgate.net/publication/40454505_Physiological_characteristics_of_elite_and_sub-elite_badminton_players
https://www.researchgate.net/publication/40454505_Physiological_characteristics_of_elite_and_sub-elite_badminton_players
https://www.researchgate.net/publication/40454505_Physiological_characteristics_of_elite_and_sub-elite_badminton_players
https://www.researchgate.net/publication/51791882_The_Acute_Potentiating_Effects_of_Back_Squats_on_Athlete_Performance
https://www.researchgate.net/publication/51791882_The_Acute_Potentiating_Effects_of_Back_Squats_on_Athlete_Performance
https://www.researchgate.net/publication/51791882_The_Acute_Potentiating_Effects_of_Back_Squats_on_Athlete_Performance
http://www.pubpdf.com/pub/18569545/Influence-of-recovery-time-on-post-activation-potentiation-in-professional-rugby-players
http://www.pubpdf.com/pub/18569545/Influence-of-recovery-time-on-post-activation-potentiation-in-professional-rugby-players
http://www.pubpdf.com/pub/18569545/Influence-of-recovery-time-on-post-activation-potentiation-in-professional-rugby-players
http://journals.lww.com/nsca-jscr/Abstract/2014/06000/Optimal_Recovery_Time_for_Postactivation.6.aspx
http://journals.lww.com/nsca-jscr/Abstract/2014/06000/Optimal_Recovery_Time_for_Postactivation.6.aspx
http://journals.lww.com/nsca-jscr/Abstract/2014/06000/Optimal_Recovery_Time_for_Postactivation.6.aspx
http://journals.lww.com/nsca-jscr/Abstract/2014/03000/The_Temporal_Profile_of_Postactivation.16.aspx
http://journals.lww.com/nsca-jscr/Abstract/2014/03000/The_Temporal_Profile_of_Postactivation.16.aspx
http://journals.lww.com/nsca-jscr/Abstract/2014/03000/The_Temporal_Profile_of_Postactivation.16.aspx
http://www.pubfacts.com/detail/24149687/The-acute-effects-of-back-squats-on-vertical-jump-performance-in-men-and-women
http://www.pubfacts.com/detail/24149687/The-acute-effects-of-back-squats-on-vertical-jump-performance-in-men-and-women

	Title
	Corresponding Author
	Abstract
	Keywords
	Introduction
	Methods 
	Subjects
	Experimental protocol 
	Experimental measurements 
	Statistics

	Results
	Discussion
	Conclusion 
	Practical Applications 
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	References

