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Introduction
Postactivation Potentiation (PAP) is the phenomenon bywhich the contractile history of muscles directly affects their 
subsequent rate of force development (RFD) or the ability to generate force in a rapid manner. The theory behind PAP is 
that the acute change in contractile proteins and motor neuron activity can help induce greater explosive power performance 
for a 2- to 20-min period followingheavy loading (9,40, 47). 

There is currently insufficient research to provide guidelines for its use as a training tool; however, researchers have examined 
exercises to produce and to measure the performance enhancement (potentiation), with rest periods of varied duration that 
allows for optimal potentiation (1,11,12,18,23,25,27,35,53).Researchers working to determine PAP’s usefulness in the 
performance training arena usually begin with a conditioning stimulus followed by a period of rest, then an explosive power 
exercise (12,35,43). The use of PAP in training sessions is typically called complex training (CT) (9,5,41,7,51). Within an 
exercise session, an athlete using CT will perform pre-designed complexes of paired exercises (51). 

The goal of this Hot Topic is to shed light on the science behind PAP for the exercise science professional, coach, and 
athleteand to provide ideas and suggestions forhow to implement CT.

Mechanisms
Numerous mechanisms associated with PAP have been hypothesized, including increased motor neuron activity, increased 
reflex electrical activity, enhanced blood flow to muscles, psychomotor enhancement, and increased myosin light chain 
(MLC) phosphorylation (6,8,15,17,22,30,38,39,45,51,55). The research currently points to MLC phosphorylation as 
one of two mechanisms by which PAP occurs (17,45,39,55). When myosin—the protein in the muscle cell responsible 
for muscular contraction—becomes phosphorylated, the myosin may have a more rapid rate of binding to actin, the other 
primary contractile protein (46). This phosphorylation occurs because of the intramuscular calcium saturation present for 
the duration of muscular contraction (45).  The second mechanism by which PAP may occur is motor neuron enhancement 
causing greater recruitment of fast twitch muscle fibers (47).It is upon these mechanisms that the procedures of PAP should 
be applied. That is, the goal of a potentiating activity should be high-intensity contraction of sufficient duration to cause 
PAP to occur, and the potentiated exercise should be an explosive activity.

Athlete Training Status
Training status of an athlete using PAP is probably the single largest determinant of success in achieving measurable 
potentiation (12,18,27,22). Based on the mechanism discussed previously, everyone will experience enhanced MLC 
phosphorylation following a high-intensity conditioning stimulus, but fatigue from the same stimulus may outweigh the 
enhanced contractile ability in lesser-trained athletes (22,36).

It should also be expected that PAP will cause greater increases in power performance in athletes with a greater percentage of 
fast-twitch muscle fibers (19). Type II muscle fibers undergo greater phosphorylation, and therefore potentiation, than type I 
fibers (31,33). Unfortunately, obtaining the fiber-type compositions of a team of athletes to determine which athletes could 
effectively use PAP, or to what degree one athlete versus another would benefit, is not a reasonable endeavor.
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Relative strength—the percentage of an athlete’s body weight that can be lifted—has been correlated with percentage of 
improvement exhibited with the implementation of PAP (27). Relative strength may also be a predictor of PAP utility (21). 
Although no cutoff value can be given for minimum relative strength, it appears that athletes become more likely to exhibit 
improved performance with PAP if their relative strength approaches two times their body weight using a three-quarter 
squat (21). This may be due to a greater percentage of cross-sectional area (CSA) of type II muscle fibers in those with high 
relative strength (4,44). The recommendation is that PAP should only be implemented in resistance-trained athletes with 
very high relative strength.

Potentiating Exercises
Various exercises have produced PAP in well-trained athletes (11,35,43). Among these exercises, the back squat, or some 
variation of the back squat, and the bench press are most frequently used in attempts to induce potentiation (2,8,10,12,15
,18,22,23,24,26,27,43,53). It appears that the exercise selection for induction of PAP is less critical than the training status 
of the athletes. Research indicates that the exercise may be static or dynamic in nature, as long as the muscular contraction is 
high in intensity and the duration of contraction is sufficient to activate the PAP mechanism (11,12,18,43).

Intensity of contraction is the most important factor in the selection of potentiating exercises. Intensities ranging from 60 
– 100% of 1-repetition maximum (1RM) have been successful in eliciting PAP, although intensities greater than 85% are 
successful more often (8,10,12,15,27,43).

Multiple sets may be used in highly trained athletes to induce greater potentiation without causing excess peripheral fatigue 
(12,18). Performing as few as one set, and up to five sets, of an exercise has been successful in eliciting potentiation (12). 
Sets consisting of greater than five total repetitions or 5 seconds of total contraction time are not advisable because of the 
fatigue induced (11,18). Rather, sets of four repetitions, or 3 seconds or less of contractile time, will limit fatigue while still 
inducing potentiation (11,12,18,21,27). The duration of rest following potentiation depends primarily on the training 
status of the athlete and the intensity and volume of the potentiating exercise (12,27,36).

Duration
A recovery period immediately following the potentiating exercise should be given in order to eliminate associated fatigue 
(23). Enhancement of contractile ability is at its greatest immediately following the potentiating stimulus; however, fatigue 
is also greatest at the potentiating exercise’s cessation and will outweigh the potentiation (36,45). In trained athletes the 
elimination of fatigue may be rapid enough to exhibit a portion of the initial heightened contractile ability, given a proper 
recovery period (12,18).

Recovery periods shorter than 2 – 3 min are usually not sufficient because the effects of fatigue outweigh the potentiation 
(23,27). Recovery periods longer than 12 min will usually not be successful because the enzyme responsible for deactivating 
the enhanced muscle fibers may have completely eliminated the effects of the initial potentiation (27). 
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In elite athletes there may be a wider window for potentiation (12,18). Rest durations examined for elite athletes have 
exhibited power performance enhancement from 2 – 20 min following the potentiating stimulus (12,18). In lesser-trained 
or recreational athletes, a time window for potentiation may not exist because the elimination of nervous and peripheral 
fatigue may be a slower process than the dephosphorylation of the muscle fibers (3,13,14,22,36,37).  Ideal rest periods for a 
well-trained athlete are 3 –12 min, depending on the intensity and volume of the potentiating exercise (18,27).

Potentiated Exercises
Enhancement of power performance is the goal of using PAP (50). Thus, selection of the potentiated activity should 
encompass rapid forceful movement. Maximum force is not enhanced using PAP, whereas rate of force development and 
submaximal contractions may exhibit potentiation (17,31,36,48,49). Research indicates that repeated movements such as 
depth jumps or sprinting performance can be enhanced, as well as more traditional single-effort exercises such as the vertical 
countermovement jump (CMJ) or bench press throw (18,27,53,54).

Complex Training
CT was developed in an attempt to increase the intensity with which power exercises can be performed (50,51). CT is the 
training application of PAP. Of the few researchers that have implemented CT, all studies have reported that CT increases 
power performance at least as well as resistance training or plyometrics alone (5,29,32,41). However, it has been shown that 
plyometrics plus resistance training is also more effective than a single mode of training (20,28).

Only one study to date has compared CT to combined training with matched training volumes and intensities in a 
population of well-trained athletes. This study on NCAA Division I football players trended strongly toward but did not 
actually reach significantly increased CMJ height after seven weeks of CT, compared to combined training. According to the 
research, CT is at least as effective as combined training at increasing power performance (5).

CT may also be an effective way to manage the logistics of a large team in a small or crowded weight room because of its 
potential to decrease the demand for racks and platforms within a training session. One set of potentiating exercise may be 
sufficient for multiple sets of potentiated power exercises, creating less weightrack and platform demand (11,12,18).
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Table 1. Sample Complexes
Potentiating Exercise Recovery Potentiated Exercise Total sets

Complex 1 1x4 back squat at 87% of1RM 4 – 6 min 2x6 depth jumps 
3 min between sets

2 – 4 complexes

Complex 2 2x3 half back squatat 90% of 
1RM, 2 – 3min between sets

5 – 8 min 1x40-yard sprint 2 – 3 complexes

Complex 3 3x1 deadlift at 95% of 1RM, 1 – 
2minbetween sets

3 – 4 min 3x triple broad jump ≤ 1 min 
between 

complete 1 – 2 complexes

Complex 4 3x3s MVC in half back squat 
position, 1 minbetween MVCs

6 – 10 min 2x5 squat jump
20% of back squat 1RM

repeat 2 – 3 complexes

Complex 5 1x3 back squat, 90% of 1RM 3 – 4 min 1x6 repeated 
countermovement jumps

repeat 3 – 6 complexes

Complex 6 2x3 bench press,90% of 1RM, 
2 – 3 min between sets

5 – 8 min 3x6 bilateral medicineball 
chest pass

1 – 2 min between sets

complete 1 – 3 complexes

Complex 7 1x5 unilateral dumbbell bench 
press at 100% of 5RM

4 – 8 min 2x 6 unilateral medicineball 
chest pass  

1 – 2 min between sets

complete 3 complexes, 
decreasing all reps by 1per 

complex

Conclusion
The use of a PAP protocol to increase power performance in well-trained athletes is acutely effective and as effective as other 
training methods to chronically increase power (5,29,32,41). PAP should be reserved for resistance-trained power athletes 
with high relative strength (21). When determining the recovery period duration following the potentiating exercise for 
balancing fatigue and enhancing muscular contractile ability, one should also take into account the intensity and volume 
of the potentiating exercise (12,36). CT may also be an effective tool for managing limited weight room time and space 
because it is at least as reliably effective as combined training (5,29,32,41).
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