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INTRODUCTION 
 
The optimal training protocol to maximize strength and power performance in athletes is greatly sought after by 
athletes, coaches, and strength and conditioning professionals. The use of strength-power potentiating complexes is 
one such training method to develop explosive strength in athletes (15). This involves muscular contractions of near-
maximal loads, prior to performing an explosive movement with similar biomechanical characteristics (7). This training 
technique takes advantage of post-activation potentiation (PAP) to increase rate of force development (RFD); that 
would lead to an increase in acceleration and velocity. 
 
Post-activation potentiation refers to the enhanced neuromuscular condition observed after an initial bout of heavy 
resistance exercise (15). 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(13).In the past 
decade, research had evidently shown that utilizing a previous contractile activity; dynamic contractions or isometric 
maximal voluntary contractions (MVC), was able to augment a subsequent athletic performance. These enhanced 
performance measures included the vertical jumps (16) and  drop jumps (6). However, only few studies have 
investigated the effects of PAP on sprint performance (9, 10, 16, 18) 
  
The implementation of an isometric MVC, that involves multiple joints, may be an effective warm-up routine for 
sprinting performance. Countermovement jump power was shown to be greater after a maximal isometric squat PAP 
protocol (3 sets of 3-second isometric MVC), in comparison to a dynamic squat PAP protocol (1 set of 3RM back 
squats) (12). While these results may translate to better sprinting performance, the mode of the PAP protocol 
(dynamic or isometric) to induce subsequent greater sprint performance requires further investigation. The aim of this 
study was to investigate the effects of 3 different types of PAP protocols (dynamic back squats (DS), maximum 
voluntary isometric knee extension (IKE) and maximum voluntary isometric back squat (IS)) on subsequent sprint 
performance in well-trained athletes. 
 
METHODS 
 
This study used a within-subject randomised cross-over design to approach the research problem. Twelve well-trained 
male sprinters (22.4 ±3.2 years; height: 174.6 ±4.6 cm; mass: 67.6 ± 5.3 kg) were recruited for the study. The subjects 
competed in the 100, 200 and 400 meters track events, at both the national and club levels. The subjects had at least 
12 months of resistance training experience and were able to perform a minimum of one back squat with a load 
greater than 150% of the subjects’ body mass.  
 
The subjects participated in one baseline testing session to familiarize with the experimental set-up and obtain 
maximal strength test results (1RM dynamic back squat & isometric back squat MVC measurements). For the 
isometric MVC tests, all subjects were instructed to perform 3 sets of 3 seconds of maximal effort isometric 
contractions against the lever arm of the Natilus leg extension machine (Nautilus Sports/Medicine Industries, Dallas, 
USA), and the barbell secured across the FT700 power cage (Fitness Technologies, Adelaide, Australia). Each effort 
was interspersed by 2-minute rest periods. Peak force and rate of force development (RFD) data for the isometric 
back squat were obtained from the 400 series force plate (Fitness Technologies, Adelaide, Australia), to form baseline 
measurements and to ensure maximum effort by subjects in the PAP protocols. The 1RM back squat was determined 
according to standard practice outlined by the National Strength and Conditioning Association. Data from the 1RM 
testing was used to calculate approximately 3RM (90%1RM) values for use in the PAP protocol. 
 
The subjects warmed up on the cycle ergometer (Monark Ergomedic 828E, Varberg, Sweden) at 60 watts for 5 
minutes at a cadence of 70-rpm. This was followed by a standardized dynamic warm-up stretches (leg swings, butt 
kicks, high knees and pogo hops; 2 sets of 10 repetitions each). The subjects then performed one of the 4 PAP 
protocols. The order of the PAP protocols was randomized across the subjects. Each of the protocols was performed 
on separate days, at least 48 hours apart. The design of the sprint testing procedures is illustrated in Figure 1 below. 
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Figure 1 - Flow diagram of post-activation protocols of control, isometric knee extension (IKE), isometric squat (IS) 
and dynamic squat (DS) prior to sprint tests. 
 
In the Control protocol, the subjects sat through 4 minutes of passive rest to emulate the average time undertaken by 
the other PAP protocols.  
 
The IKE protocol was carried out on the leg extension machine (Figure 2). Subjects were seated upright and secured 

around the chest, hip and thigh. The legs was positioned at 90 of knee flexion (12, 16) and secured to the machine’s 
lever arm. Subjects were instructed to perform maximal isometric knee extension against the lever arm of the machine 
for 3 repetitions of 3 seconds. Each repetition was interspersed by a 2-minute rest period.  
 
For the IS protocol, the subjects were instructed to squat against a barbell secured on two sliding pins across the 
power rack (Figure 2). The isometric contractions were held for 3 seconds for 3 repetitions, with a rest period of 2 
minutes in between repetitions. Before the trials, a goniometer was used to set the subjects’ knee angle between 120-

130 (12). This knee angle was kept constant throughout all repetitions.  
 
For the DS protocol, the subjects performed a warm-up set of 10RM and 5RM back squats, before completing 3 
repetitions of dynamic back squats at 90% of 1RM (Figure 2). These weights were based on the strength data 
obtained earlier in the strength test.  
 
After the control and PAP protocols, all subjects rested for a further 4 minutes before performing a 30-meter sprint on 
an indoor rubber track. The 4-minute recovery period was according to other studies that have shown improvements 
in sprinting performance (16, 18). The Speedlight Timing System (SWIFT Performance Equipment, Alstonville, 
Australia) was used to measure the 30-meter sprint times, as well as the 10- and 20-meter split times. Timing gates 
were placed at 0-, 10-, 20-, and 30-meter intervals along a straight line.  
 

 
 
Figure 2 - Post-activation potentiation (PAP) protocols (maximum voluntary isometric knee extension (IKE), maximum 
voluntary isometric back squat (IS) and dynamic back squats (DS) 
 
All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS for Windows, 
version 16.0; SPSS Inc., Chicago). Shapiro Wilk tests confirmed that all data were normally distributed. Thus, 
parametric statistical tests were applied throughout the analysis. In all analysis, the results were summarized as 
means and standard deviations, and statistical significance is defined by p < .05. There were three dependent 
variables: 10-, 20- and 30-meter sprint times. A one-way repeated measures Analysis of Variance (ANOVA) was used 
to detect differences in sprint performance among the 4 protocols. A total of 3 one-way repeated measures ANOVA 
were run, one for each dependent variable. Effect sizes were calculated using partial eta squared. For all negative 
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findings, a post hoc power analysis was performed using G*Power 3.1.4 based on the actual effect size and test-retest 
correlation. 
 
RESULTS 
 
There were no significant differences in sprint performance among the control, IKE, IS and DS protocols, regardless of 
the 10-, 20- or 30-meter split times (Tables 1 and 2). The effect size was considered moderate (0.06 < partial eta 
squared < 0.14) and the post hoc power was high (> 90%) across all sprint intervals. Large between-subject variations 
were observed in the sprint performance after all 3 PAP protocols (Figure 3). Some subjects responded positively to 
all PAP protocols (subjects 1, 6, 10) while others responded only to selected protocols. The absolute difference in 
sprint times between the control and PAP protocols are mostly less than the minimal difference that is needed to be 
considered real.  
 
Table 1 - Sprint performance (in seconds) at 10-, 20- and 30-meter intervals after control and post-activation 
potentiation protocols (n = 12). 
 

Protocol 
 

Mean SD 95% CI (lower) 95% CI (upper) 

10-meter interval 

Control 1.77 0.06 1.74 1.81 

Isometric Knee Extension 1.78 0.08 1.73 1.83 

Isometric Squat 1.76 0.07 1.71 1.80 

Dynamic Squat 1.75 0.05 1.71 1.78 

20-meter interval 

Control 2.97 0.05 2.94 3.00 

Isometric Knee Extension 2.96 0.08 2.91 3.01 

Isometric Squat 2.93 0.08 2.88 2.99 

Dynamic Squat 2.94 0.06 2.90 2.98 

30-meter interval 

Control 4.09 0.06 4.05 4.13 

Isometric Knee Extension 4.06 0.07 4.01 4.10 

Isometric Squat 4.04 0.09 3.98 4.10 

Dynamic Squat 4.06 0.08 4.00 4.11 

 SD = standard deviation, CI = confidence interval. 
 
 
   
Table 2 - Statistical analyses for 10-, 20- and 30-meter sprint times (n = 12). 
 

Sprint Interval F-value p-value Partial eta squared Post hoc power 

10 m 0.76 .525 .065 .94 

20 m 0.75 .530 .064 1.00 

30 m 1.16 .340 .095 1.00 

  Note: Results are from one-way repeated measures Analysis of Variance. 
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Figure 3 - Individual (n=12) sprint time after isometric knee extension (IKE), isometric squat (IS) and dynamic squat 
(DS) protocol, compared to control; at (a) 10-meter interval, (b) 20-meter interval, and (c) 30-meter interval (note: 
missing bars mean PAP sprint time is identical to control sprint time). 
 
DISCUSSION 
 
This study investigated the effects of 3 different types of PAP protocols (single-joint isometric, multi-joint isometric and 
multi-joint dynamic) on subsequent 30-meter sprint performance in well-trained athletes. As a whole group, there was 
no improvement in sprint performance after any of the PAP protocols. Large between-subject variations in response to 
the PAP protocols were, however, observed. 
 
Many studies had utilized a dynamic PAP protocol, and reported improved sprint performance. The results 
contradicted other studies that reported better sprint performance (0.89– 3.3%), utilizing a dynamic squat protocol. 
Collegiate football players also produced a significant 0.87% improvement in 40-meter sprint performance (p=.018) 
following a dynamic squat protocol (3 repetitions at 90% 1RM) (11). A 2.6% improvement at 10-meters and 1.77% 
improvement at 30-meters was also reported in amateur team sport athletes, 5 minutes after 10 back squat repetitions 
(1). It may be that the current strength levels in the subject pool of this study were low and thus, could not effectively 
utilize PAP to improve sprint performance. The subjects recruited in this study had an absolute and relative 1RM back 
squat of 124.4±15.9 kg and 1.84±0.19 kg respectively. This was below that observed in the above studies that 
engaged football and team sport players, whom had a mean absolute back squat of 185.7 ± 39.7 kg and 151 ± 12kg 
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respectively. Thus, the resultant relative strength may be a compounding factor that influences an individual’s capacity 
to utilize PAP to improve sprint performance. Strength levels had been reported as a factor contributing to inter-
individual variability in response to PAP protocols (13). Resistance trained men and women athletes had greater 
activation of the musculature involved during a preload high-intensity stimulus, which could affect the H-reflex and 
myosin regulatory light chain phosphorylation (3). Because of the coexistence of fatigue and potentiation after 
voluntary contractions, it was plausible that stronger athletes exhibited greater potentiation than fatigue, compared to 
weaker athletes (7). Athletes training at higher intensities would develop fatigue resistance as an adaptation of their 
intensive training regimens, and were more likely to realize PAP (2). Highly trained athletes were also shown to have a 
higher-degree positive change in H-reflex response and that its effect lasted longer (6). Thus, this could lead to a 
greater carry-over effect of the potentiation from the pre-conditioning PAP protocol.  
 
Other studies had noted that there was a very individual response in terms of recovery time between the preload 
stimulus and subsequent activity, which may be due to varying strength levels of the subjects being investigated (8). It 
was reported that the optimum recovery time between the conditioning activity and performance appeared to be 
variable among individuals (6). A more intense and prolonged conditioning activity may activate the PAP mechanism 
to a greater extent, but it also produced greater fatigue; whereas the longer the recovery period between the end of 
the conditioning activity and the beginning of performance, the greater the recovery from fatigue, but also the greater 
the decay of the PAP effects (14). Thus, it may be prudent to determine an individual’s optimal recovery period to 
optimize PAP utilization to improve sprint performance. 
 
Many studies had also used isometric muscle actions to induce maximal or near-maximal contractions to provide the 
preload stimulus. Isometric muscle actions have an advantage in comparison to dynamic actions in that they are more 
feasible to use in an athlete’s warm-up if the intent is to affect the immediate performance (5). In this study, two 
isometric PAP protocols (IS and IKE) were utilized to investigate the efficacy of improving 30-meter sprint 
performance.  
 
We originally hypothesized that isometric PAP protocols would be superior to a dynamic protocol in enhancing 
subsequent sprint performance but our results did not demonstrate any advantage of the IS or IKE protocols over the 
DS protocol. Isometric contractions were reported to activate more muscle fibres than dynamic contractions, and this 
might result in greater percentage of regulatory light chain phosphorylation and greater changes in muscle 
architecture (4, 17). However, the different intensities between the isometric and dynamic protocols may have 
confounded our results. Since our isometric protocols involved maximal effort compared to sub-maximal effort in the 
dynamic protocol, the extra benefit that may be resulting from isometric protocols may be masked by the higher 
intensity used. In addition, the fatigue induced during the isometric and dynamic protocols may differ and therefore 
requiring different recovery intervals that we did not consider. Thus, the 4-minute rest interval used in this study may 
not suit the different fatigue profiles exhibited by isometric and dynamic contractions. 
 
The present study also compared two isometric PAP protocols, single-joint and multi-joint, in their effectiveness to 
augment sprint performance. It was hypothesized that the multi-joint IS protocol would be superior to the single-joint 
IKE protocol but our results did not support this hypothesis. The knee extensor muscles were believed to play an 
important role to flex the hip during sprinting. The high threshold fast motor units of the knee extension musculature 
are recruited during short-duration sprinting and it was thought that the focal activation during isometric knee 
extension could aid the sprint performance, especially in the acceleration phase. It was reported that explosive 
muscular contractions (particularly by the knee extensors) was a crucial component of sprint performance in track 
athletes (19). However, It could be that the activation of the other muscles of the lower limb, together with the rectus 
femoris, would assist to produce optimal sprint performance. The biceps femoris and gastrocnemius muscles were 
reported to also be  active during the ipsilateral propulsion phase, and seemed to play a primary role in the propulsion 
phase of sprinting (19). As a result, the activation of the hip extensor, knee extensor and plantar-flexor muscles, 
through the implementation of an isometric MVC that involves multiple joints, may be a more effective method to 
induce PAP for superior short-distance sprinting performance. While this may be conceptually appealing, there is no 
evidence that the implementation of an isometric MVC that involves multiple joints may be a more effective method 
than single joint knee extension to induce PAP for superior short-distance sprinting performance. 
 
CONCLUSION 
 
This study showed no enhancement of short-distance sprint performance after post-activation potentiation (PAP) 
protocols with a 4-minute recovery period regardless of isometric or dynamics, single-joint or multi-joint. There are, 
however, large individual variations in the response to the PAP protocols with some athletes benefiting from the PAP 
effect and others not. 
 
PRACTICAL APPLICATIONS 
 
Coaches considering the use of PAP protocols to improve sprinting performance of their athletes should exploit the 
effectiveness of different PAP protocols on an individual basis. Factors such as strength levels, PAP protocol intensity, 
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and recovery interval between the pre-conditioning activity and the sprint, need to be further investigated prior to 
successful implementation of PAP into a warm-up protocol. 
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