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Abstract 
The ability to generate force at high speeds is crucial in many sports. A phenomenon 

called post-activation potentiation (PAP) has seen to acutely enhance rate of force 

development (RFD) after a voluntary muscular contraction. Previous research has seen 

improvements in both lower and upper body after doing heavy preceding muscle 

contrition to elicit the PAP effect. The purpose of this study was to evaluate if a heavier 

pre-load of 85% of one repetition maximum (1RM) could elicit PAP to improve the 

average power output performance in a performance test on 80% of 1RM in the bench 

press exercise. Method: Ten healthy participants attended in this study (mean ± SD, 

median and min/max: weight 89,5 ± 8,6, 90 and 78/105, height 184,1 ± 7,1, 182 and 

175/194, age 24,8 ± 2,6, 24,5 and 21/29) with at least one year experience of strength 

training and the bench press exercise. The participants performed three test sessions: 

Test 1 evaluated 1RM in the bench press, Test 2 was a performance test on 80% of 

1RM where 3 maximum repetitions were conducted to produce the highest power 

output and Test 3 was a heavier pre-load (85% of 1RM) followed by 8 minutes of rest 

and then repetition of the same performance test as in Test 2. Power output was 

recorded with a linear encoder from MuscleLab, and Wilcoxon’s signed rank test was 

used to evaluate any statistically significant differences between the performance 

tests; Test 2 and Test 3. Further, the participants were divided into two subgroups 

based on their relative strength and had their performance separately analyzed. 

Result: There was no statistical difference (p = 0,80) between the power output in the 

performance tests in Test 2 and Test 3. Further, there was also no significant difference 

in the weaker (p =0,22) or the stronger (p = 0,35 subgroup. Conclusion:  This study 

could not elicit a PAP effect to improve the power output performance in males in the 

bench press exercise. This information does not give athletes and coaches any 

directions if PAP should be implemented in training to improve acute power output 

performance in the upper body. Due to small sample size, wide range in strength and 

different optimal individual resting intervals, this needs to be investigated further 

before any more conclusions can be drawn from this study. 
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1  Background 
 

The major reason why strength training is implemented in sports is to increase 

strength and power that could lead to a better sports performance. The ability to 

generate power is generally considered to be a major factor in sport performance and 

is important in various sports (Young, 2006). A lot of research has been done on 

different training programs to develop strength and power and to transfer it to athletic 

performance, however it is still quite unclear what the optimal load to increase power 

is and whether training at maximum power improves athletic performance (Cronin & 

Slievert, 2005). Haff & Nimphius (2012) argues that power is best developed through a 

combination and periodization between lighter and heavier loads at different 

velocities. However, in regards to acute effects to improve rate of force development 

and power output, there are only few studies. The rate of force development (RFD) 

measures the contractile force of a muscle contraction and determines how much 

force can be generated in the early phase of fast muscle contractions (typically 50-250 

ms) (Aagaard, Simonsen, Andersen, Magnusson & Dyhre-Poulsen, 2002). RFD is an 

important key to power performance and has been linked to improved performance in 

jumping (McLellan, Lovell & Gass, 2011), sprinting (Slawinski, Bonnefoy, Levêgue, 

Ontanon, Riquet, Dumas & Chèze, 2010) and weightlifting (Haff, Stone, O’Bryant, 

Harman, Dinan, Johnson & Han, 1997). Since many sports have the need to develop 

great force in less than 250 ms, a high RFD is probably more important than the 

maximum force for sports performance (Aagaard et al., 2002). A phenomenon called 

post-activation potentiation has recently been more frequently applied for human 

performance in sports and is thought to acutely enhance RFD and power output (Sale, 

2002). 

 

1.1  Post-activation potentiation 
The response of repeated voluntary muscle contraction results in a decreased ability to 

develop force due to neuromuscular fatigue, but also in a facilitation of muscle force 

production called post-activation potentiation (PAP) (Hodgson, Docherty & Robbins, 

2005). Although they have opposite effects, these two concepts coexist and the 
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balance results in a decrease or increase in net force output. Because the muscle 

fatigue dissipates faster than the potentiation effect decay, there will be an optimal 

period of time where the muscle contraction force is enhanced and performance 

therefore will exceed the previous best performance of the same activity (Sale, 2002). 

The knowledge of PAP and its potential mechanisms has been known for many years, 

but not until after the late 1990’s researchers started to investigate its role in human 

performance (Sale, 2002). Since the contractile force is enhanced in a PAP induced 

muscle and it has found to increase the RFD, there are theories that PAP could improve 

performance in explosive activities and sports (Docherty & Hodgson, 2007).  

1.2  Mechanisms of post-activation potentiation 
There have been many mechanisms associated with PAP, but current research points 

to only two of these as the principal mechanisms (Hodgson et al., 2005). These 

mechanisms are the phosphorylation of myosin regulatory light chains (MRLC) and an 

increase in recruitment of higher order motor units (Hodgson et al., 2005; Tillin & 

Bishop, 2009). Other mechanisms have been suggested, however the research in those 

areas has been suggested either too inconclusive or too poorly investigated (Robbins, 

2005; Tillin & Bishop, 2009). 

1.2.1  Phosphorylation of myosin regulatory light chains  
Myosin II is found in muscle cells and is responsible for muscle contraction (Lodish et 

al., 2012). The molecule consists of two heavy chains and four light chains (Figure 1). 

One of the light chains actively regulates the muscle contraction, therefore regulatory 

light chain (RLC) (Szczesna-Cordary, 2003). The RLC has a binding site for phosphate, 

and when a muscle contracts the sarcoplasmic reticulum release Ca2+, which activates 

the enzyme myosin light chain kinase 2 (MYLK2) to catalyze the phosphorylation of the 

RLC. This phosphorylation potentiates subsequent contractions and makes the actin-

myosin interaction more sensitive to Ca2+ (Szczesna-Cordary, 2003; Tillin & Bishop, 

2009). This sensitivity gives a higher potentiation when the muscle is low on Ca2+, 

which means in theory that phosphorylation of MRLC will generate a higher 

potentiation in fast twitching muscle fibers, such as muscle fiber type II, and increase 

peak force and RFD in a maximal contraction (Hamada, Sale, MacDougall & 

Tarnopolsky, 2000a; Hodgson et al., 2005; Sale, 2002; Tillin & Bishop, 2009). 
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Figure 1. The light and heavy chains of Myosin II 

 

1.2.2  Motor unit recruitment 
The H-reflex (Hoffmann’s reflex) is measured with an electromyography, where the 

wave response is called an H-wave (Figure 2), and is an enhanced muscle response due 

to stimulation of 1a afferent nerves (Folland, Wakamatsu & Fimland, 2008). The H-

wave is used estimate the amount and size of motor unit recruitment (Folland et al., 

2008; Hodgson et al., 2005). Higher amplitude of the H-wave with constant electrical 

stimulation is an indication of synaptic modification in the spinal cord and could be 

explained by; excitability of motor units, change in amount of neurotransmitter 

substances or a variation of motor neuron properties. This means that a higher H-wave 

is a sign of motor units being recruited much faster and also in a recruitment of larger 

amount of motor units (Hodgson et al., 2005; Tillin & Bishop, 2009). A PAP induced 

muscle has been recorded to increase the amplitude of the H-wave, which is a possible 

result of larger amounts of motor units being activated (Tillin & Bishop, 2009). Larger 

and faster activation of motor units result in a higher RFD (Conwit, Stashuk, Tracy, 

McHugh, Brown & Metter, 1999). 

 

 
Figure 2. Stimulation in afferent nerves resulting in the H-wave 
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1.3  Sport performance and PAP 
Bench press is a commonly used exercise in gyms as a way of training upper body 

strength and is also often used in sport specific training to transfer strength and power 

to the individual activity. The correlation between power and strength is strong and 

that is why sport specific training programs often use bench press as an exercise to 

train these qualities and to increase sport performance (Baker, 2003; Cook, Kilduff, 

Crewther, Beaven & West, 2013; Robbins, 2005). Baker (2001) compared upper body 

strength and power differences between elite and sub-elite rugby players and found 

that elite players had significantly higher strength and power than sub-elite, suggesting 

maximal power and strength is an important factor for performance in rugby. Also, 

Speranza, Gabbett, Johnston & Sheppard (2015) found that upper body strength and 

power correlates with tackling ability in semiprofessional rugby players. Studies have 

shown significant improvements in strength and power output performance in the 

bench press exercise after bench press training interventions in professional rugby 

athletes (Cook et al., 2013; McMaster, Gill, Cronin & McGuigan, 2013). These findings 

contribute to a potential usefulness of facilitation from PAP in the bench press exercise 

in sports like rugby to acutely enhance performance. 

 

Most of the PAP research has been done on the lower body and very few studies have 

been done on the upper body using bench press. There are still many questions about 

the effect of PAP and how to avoid all possible factors that needs to be considered 

when applying PAP on a person. Most recent studies have found improvements in 

performance on the lower body in jumping and sprinting ability, but a small or no 

effect on the performance in ballistic upper body exercises (Seitz & Haff, 2016). It 

would be of interest to investigate if there is a similar relationship on the upper body 

as on the lower body and examine if a heavy pre-load can elicit a better performance 

in the bench press exercise.  



5 
 

 

2  Aim  
 

The aim of this study was to investigate if a heavier pre-load of 85% of 1RM could elicit 

PAP and improve the average power output performance in a power test on 80% of 

1RM in the bench press exercise. Furthermore, the study will separately analyze the 

PAP effect in stronger and weaker athletes based on relative strength. 

 

2.1  Research question 
 

Can a heavier pre-load on 85% of 1RM elicit PAP in a power performance test on 80% 

of 1RM in the bench press exercise? Are there any differences in the PAP effect in 

stronger and weaker athletes? 

 

2.2  Hypothesis 
 

The hypothesis was that the heavier pre-load will elicit a PAP effect and that the power 

output will be higher in the PAP induced performance test compared to the 

performance test without a heavier pre-load. It is also hypothesized that stronger 

participants will obtain a better effect from PAP compared to the weaker participants.  

 

3  Methods  
 

This study was an experimental study with a simple repeated measures design, where 

data was collected in three testing sessions on two different days. The study took place 

in the fitness laboratory in Halmstad University and in the facility of Crossfit Halmstad.  
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3.1  Participants 
Ten healthy males participated in this study. The participants were recruited from the 

Biomedicine program at Halmstad University and contacted through the program 

groups at Facebook. Nineteen people were asked to participate in the study, where 

four did not respond and five either had injuries or could not participate during the 

time period when the experiments were conducted. Ten people participated and 

completed all three test sessions. The inclusion criteria were that they should all have 

at least one year experience of strength training, at least one year experience of the 

bench press exercise and trained strength training three times a week on average. The 

exclusion criteria were injuries in the upper body that could affect bench press 

performance and time limitations. All participants were informed about the study and 

potential risks prior to giving their informed consent. Weight, height and age data was 

collected at the first test session (Table 1). 

 

Table 1. Participant characteristics (N=10) collected during first test session (Test 1)  

Variables Mean ± SD Median Min/Max 

Weight (kg) 89,5 ± 8,6 90,0 78/105 

Height (cm) 184,1 ± 7,1 182 175/194 

Age (years) 24,8 ± 2,6 24,5 21/29 
 

3.2  Equipment 
The equipment used for this study was an Eleiko competition barbell weighing 20kg, 

Eleiko competition weights, a lifting rack and a flat bench. To measure power output a 

linear encoder from MuscleLab (Ergotest, Langesund, Norway) was used, which has 

been validated as a reliable instrument to measure power (Ravier, 2011). The Linear 

Encoder was attached around the barbell and placed perpendicular to the ground next 

to the bench. The Linear Encoder associated software was used to analyze power 

output presented in Watt. The MuscleLab software calculates the velocity of the wire 

from the string displacement over time. By using the weight of the external barbell 

load, power was calculated as follows: 
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𝑃 = 𝑊
𝑡

, where P = power, W = work and t = time.  

Because work is 

 𝐹 𝑥 𝑑 (Force x displacement) and  
𝑑
𝑡

= 𝑣  (displacement / time = velocity), then 

𝑃 =
𝐹 𝑥 𝑑

𝑡 = 𝐹 𝑥 𝑣 

This means that power output depends on the weight of the barbell and the changes 

in velocity of the barbell (Tillin & Bishop, 2009).  

Tape and measuring tape was used to note grip width and a stopwatch to measure 

resting time.  

 

3.3  Procedure 

The participants attended three testing sessions. The first two sessions, Test 1 and Test 

2, was performed on the same day and Test 3 was performed between 4-7 days later. 

The participants were advised to not train at least 24h before the tests, not to drink 

alcohol the day before the tests and not to take any caffeine or other stimulants at the 

day of the tests. All test sessions started with a standardized warm up based on 

percentage of their 1RM and consisted of 5 sets with 1 minute rest between sets. The 

warm up session started with 10 repetitions with the bar (20kg), then 8 repetitions at 

40% of 1RM, 5 repetitions at 60%, 3 repetitions at 70% and 1 repetition at 80%. The 

warm up was inspired by Ferreira, Panissa, Miarka & Franchini (2012) but altered to fit 

the schedule due to time limitations. 

 

Test 1. At the first test session the participants’ 1RM in the bench press was evaluated. 

In the beginning of the test session the participants estimated their 1RM in order to 

determine the warm up setup and starting weight. The participants chose their 

preferred width of the grip. The width was noted to use the same grip width 

throughout the whole study. For the rest of the standardization a protocol technique 

from (Baechle & Earle, 2008) was used, where the head, shoulders and bottom would 

touch the bench at all times and the whole feet should touch the ground with knee 
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joint at 90°. The bar had to touch the chest to be counted as a repetition. If the 

participant bounced the bar off the chest or did not touch the chest, it would not be 

counted as no repetition and had to retry at the same weight, lower weight or count 

second best attempt as the best attempt. After the warm up the participants had 3 

minutes of rest before an increase of 1-10kg to reach their 1RM. After a successful 

attempt the weight increased again with 1-10kg. They were allowed 5 trials to reach 

1RM with 3 minutes of rest between sets. 

 

Test 2. At the second test session there was a warm up followed by a performance test 

in the bench press at 80% of 1RM. Since Test 1 and Test 2 were performed on the 

same day, there was a rest period of 30 minutes between the sessions to ensure that 

the participant had fully recovered and that no PAP effect could theoretically affect the 

second session. Test session 2 used the same warm up protocol as in Test 1, but 

instead of 1 repetition on 80% of 1RM, the participant rested for 3 minutes, and then 

performed 3 maximum repetitions on 80% of 1RM. The focus was to lower the bar 

with control, then maximally press the bar to achieve the highest possible power. 

Every repetition started with a signal from the test leader. A Linear Encoder was 

attached to the bar to measure concentric power output.  

 

Test 3. The participants started with the warm up procedure, and then had 1 minute 

rest before 1 repetition of 85% of 1RM. After that repetition the participant rested for 

8 minutes to potentially obtain a PAP effect, and then performed the 3 repetitions on 

80% of 1RM, with maximal power. This was also recorded with Linear Encoder.  

 

During the performance tests, the participants were instructed to maximally accelerate 

the bar on the way up and to wait for the test leader's signal before every repetition. 

The repetition with the highest power was considered the best performance. One 

spotter was present at all test sessions and there were no verbal encouragements 

during any sets.  
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3.4  Statistical analysis 
The data is presented as the median with minimum and maximum values and also as 

the mean ± standard deviation (SD) to simplify if comparing with data from other 

studies. Data was analyzed using IBM SPSS statistics v.20. Because of the low number 

of participants (N=10) the data is assumed to not be normally distributed. Wilcoxon’s 

signed rang test was used to test for a potential difference in power output 

performance between Test 2 and Test 3. Since the linear encoder software could not 

measure peak power, only average power was used. To analyze the difference in 

performance for weaker and stronger participants, the group was divided at the 

median into two subgroups of five participants each; a weaker and a stronger group, 

based on their relative strength (1RM/body mass). Wilcoxon’s signed rank test was 

also used to compare the average power for each of the subgroups separately at Test 2 

and Test 3. The significance level was set at p<0,05. 

 

3.5  Ethical and social considerations 
To ensure integrity in this study, sensitive personal information was handled according 

to (Personuppgiftslagen, 1998). The participants signed a letter of informed consent 

before their participation in the study. Anonymity and confidentiality were respected 

and the participants had the chance to leave the study at any time without 

explanation. To minimize hazards, there were test leaders present to instruct and 

monitor safe lifts and a safe environment by making sure there was no disturbance by 

objects or other people.  

This study can be useful as guidance in enhancing power in several sports where 

power in the upper body is of importance. The study followed the declaration of 

Helsinki guidelines for human studies (World Medical Association [WMA], 2013). 

 

4  Results 
 

Ten participants completed all three testing sessions. Table 2 shows the results from 

the participants’ 1RM test and the relative strength with mean ± SD, median and 
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min/max values. Figure 3 shows individual test scores of the average power in the 

performance tests, Test 2 and Test 3 in relation to each person’s relative strength. 

Table 3 shows mean ± SD, median and min/max power output in Test 2 and Test 3. 

Table 4 shows the subgroup mean ± SD, median and min/max power output in Test 2 

and Test 3. 

 

Table 2. Result of Test 1(N=10) 
Variable Mean ± SD Median Min/Max 
1RM (Kg) 100,5 ± 22,7 100 65/130 

Relative Strength 1,12 ± 0,21 1,13 0,83/1,46 
 

 

 
Figure 3. Individual result of average power (W) in Test 2 and Test 3 and the relative 
strength (1RM per kg) 
 

No statistical significance (p = 0,80) was found between the performance in Test 2 and 

the PAP induced performance Test 3. The mean value of the average power during the 

lifts increased (+0,9 W), the median and the minimum values decreased (-10 W and -21 

W) and the maximum value increased (+21 W). When dividing into subgroups based on 

relative strength, no statistical significant difference was found between Test 2 and 

Test 3 in either the weak group (p = 0,22) or in the strong group (p = 0,35). The weak 

group had a decrease in mean and median values (-12,6W and -1W and the strong 

group had an increase in mean and median values (+15W and +37W). 
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Table 3. Average power output (W) in Test 2 and Test 3 (N=10) 
Variable  Test 2   Test 3  

 Mean ± SD Median Min/Max Mean ± SD Median Min/Max 
Power (W) 333,8 ± 77,6 351 222/426 334,7 ± 89,8 341 201/447 

 
 

Table 4. Power output (W) in the subgroups in Test 2 and Test 3 (N=10) 
Group Variable Test 2 Test 3 

Weaker 
  

Mean ± SD (W) 306 ± 68,5 293,4 ± 77,4 
Median (W) 322 321 

Min/Max (W) 222/378 201/363 

Stronger 
  

Mean ± SD (W) 361 ± 83,2 376 ± 88,9 
Median (W) 395 432 

Min/Max (W) 225/426 252/447 
 

5  Discussion 
 

5.1  Discussion of results 
In this study, a pre-load at 85% of 1RM before a performance test at 80% of 1RM, did 

not improve the average power output performance in the bench press exercise. There 

was no statistical difference in the median power output between Test 2 and Test 3 

and there were no statistical difference in the two subgroups when analyzing weaker 

and stronger participants. The hypothesis was that the higher pre-load test would elicit 

greater power compared to the test without higher pre-load and that stronger subjects 

would elicit a better PAP effect. The results did not support the hypothesis. However, 

when visually observing the individual results, there were four out of five that 

improved their average power output in the group of stronger individuals. Among the 

five weaker participants there were only one that improved power and four that did 

not. There are no clear outliers in the result based on power output or performance 

differences. However, the participant with the highest relative strength was the only 

one that did not improve in the strong group.  

There was a large difference in muscular strength among the participants, were the 

1RM in the bench press varied from 65kg to 130kg, and a relative strength variation 



12 
 

from 0,83 to 1,46. The greatest improvements from the PAP effect have been seen in 

stronger athletes (Seitz & Haff, 2016; Wilson et al., 2013). It would be interesting to 

see if the result would be different if this study had a more homogenous group. A 

group with a higher relative strength would possibly improve more from PAP in this 

study and therefore change the result. 

 

The choice of the pre-load and performance load was based on the meta-analysis from 

Wilson et al. (2013) and a study by Seitz & Haff (2015). Wilson et al. (2013) showed 

that most research on PAP has been successful with pre-loads of 65-85% of 1RM, a few 

studies with less than 65% and a few with more than 85% of 1RM. Even though a 

potentiating effect has been found on various different pre-loads, the majority of all 

research points to a heavier pre-loading than to a lighter (Wilson et al., 2013). The 

theory behind a heavy pre-load comes from the size principle of motor unit 

recruitment (Conwit et al., 1999). When fully recovered, type II fibers are recruited at 

loads 80% of 1RM or more (Hirayama, 2014), which means that loads over 80% will 

recruit high-threshold motor units much faster (Spiegel, Stratton, Burke, Glendinning & 

Enoka, 2012). PAP has seen to enhance upper body performance with pre-loads 

between 65-87% of 1RM and performance loads at 63-87% of 1RM (Seitz & Haff, 

2015). Wilson et al. (2013) also argues that a more experience athlete should perform 

only one set at loads of 60-85% of 1RM as pre-load to elicit the most PAP. Since the 

load in this study was 85% I chose only 1 repetition as pre-load to minimize the 

potential fatigue and muscle damage, which can negatively impact the result (Wilson 

et al., 2013). Even if previous studies have reported improvements in power on 80% of 

1RM (Wilson et al., 2013; Seitz & Haff, 2016), the bench press is not a typical power 

exercise due to the slow eccentric phase, which could affect the non-significant 

differences in power improvements in this study.  

 

There have been many different attempts to find the perfect resting time. Sale (2002) 

speculated that a 3 minute rest could have an effect where the fatigue would have 

dissipated enough to be lower than the potentiating effect. Both Hodgson et al. (2005) 

and Robbins (2005) found no potentiating effect in 1, 2, 3 or 4 minutes of rest. Kilduff 

et al. (2007) tried to find the optimal resting time for rugby players. They tried 15 
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seconds rest and 4, 8, 12, 16 and 20 minutes of rest, and found that 8-12 minutes gave 

the best increase in peak power output. Ferreira et al. (2012) tried 1, 3, 5 and 7 

minutes of rest in the bench press and found an improvement with 7 minutes rest. 

Most recent studies points to a longer rest period. According to Wilson et al. (2013) 

the optimal resting time range is 7-10 minutes. These findings are substantiated by a 

recent meta-analysis by Seitz & Haff (2016). The resting time in this study was based 

on the Wilson et al. (2013) meta-analysis and other studies that had used 8 minutes 

with positive results (Kilduff et al., 2007; Evetovich, Conley & McCawley, 2014). But the 

PAP effect and optimal resting time seems to differ between trained and untrained 

individuals. Several researchers has seen a much higher potentiation effect on active, 

trained and athletic individuals than on recreationally trained and sedentary 

individuals (Chiu, Fry, Weiss, Schilling, Brown & Smith, 2003; Hamada, Sale & 

MacDougall, 2000b; Wilson et al., 2013; Rixon, Lamont & Bemben, 2007). The reason 

why active and stronger individuals have a greater potentiation effect has been 

speculated to depend on an increased density of type II muscle fibers, better ability to 

cope with and reduce fatigue, higher recruitment of motor units and higher rate of 

discharge in motor units (Kraemer et al., 2002). The athlete’s optimal time interval 

seems to be at 3-7 minutes and the trained individual at 7-10 minutes (Wilson et al., 

2013). A resting time of 8 minutes could be a contributory factor to a worse 

performance in some participants in this study, since participants could possibly have 

passed their individual point of peak power output and thus performed a worse result 

at the performance test. This also highlights that the PAP effect is very individual, and 

that it puts high demands on the coaches’ in-depth knowledge of their athletes if they 

want to implement PAP to enhance performance in training or competition. 

 

Many other factors that may affect the potentiation effect has been discussed and 

studied. Some factors are more frequently mentioned and others are more 

speculations. The muscle fiber type is often mentioned as a major factor for the 

potentiation effect. Hamada et al. (2000a); Tillin & Bishop (2009); Hodgson et al. 

(2005) has seen a greater potentiation effect in type II muscle fibers compared to type 

I muscle fibers. This is thought to be because muscle fiber type II compared to type I 

has a greater potentiation effect from the phosphorylation of MRLC. There is also a 
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difference in potentiation when strength varies. Gourgoulis, Aggeloussis, Kasimatis, 

Mavromatis & Garas (2003) studied the effect of different warm-up programs with 

half-squats on vertical jumping performance. When dividing the subjects into two 

groups, a stronger and a weaker group based on muscular strength, there was a better 

vertical jumping performance in the stronger group. Young, Jenner & Griffiths (1998) 

studied if half-squats could enhance jumping height in loaded countermovement 

jumps and found a significant correlation between performance enhancements and a 

higher 5RM half-squat load. This might point to an increased potentiation effect with 

increased strength (Tillin & Bishop, 2009; Robbins, 2005; Hodgson et al., 2005).  These 

findings could explain the trending results in this study. There was a small trend 

towards improvement in the stronger subjects, where 4/5 improved, which could be 

because of a combination of a larger amount of muscle fiber type II and a higher 

relative strength. 

 

There are also other factors that are speculated to have an impact on the potentiation 

effect. The first is the pennation angle of the muscle which, according to Tillin & 

Bishop, (2009), is a factor that contributes to the force transmission of the muscle. It 

has been showed that the vastus lateralis muscle changes the pennation angle after a 

3 second maximum voluntary isometric contraction and that the difference in 

pennation angle would be equivalent to 0.9% increase in force transmission.  

 

5.2  Method discussion 
The participants were advised beforehand not to take any caffeine or other stimulants 

at the day of the test and also asked at the test if caffeine had been ingested. Most 

research on caffeine and physical performance has been done on aerobic endurance 

and suggests that caffeine may have positive effect on aerobic performance (Ganio, 

Klau, Casa, Armstrong & Maresh, 2009). The evidence for short-term resistance 

exercises is mixed and inconclusive. Duncan & Oxford (2011) did a bench press study 

with caffeine ingestion (5mg/kg bodyweight) and found a significant increase in 

repetitions to failure and amount of weight lifted, indicating a possible enhancement 

on the short-term performance. 
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Test 1 and Test 2 were performed on the same day due to time limitations. The rest 

interval between the test sessions was determined to 30 minutes. This was to ensure 

that the strength would fully recover and that the subject would not be enhanced due 

to any PAP effect. Willardson (2006) concludes in a review that when doing maximum 

effort movements, a 3 minute rest is all you need to regain full strength. If the load is 

lower and number of sets is higher, longer resting periods is needed (3-5 min). This is 

speculated to be because of the accumulation of H+ which would inhibit the capacity to 

generate ATP. Depending on the load, number of sets, type of exercise and individual 

differences, the optimal PAP resting interval varies (Seitz & Haff, 2016). Gouveâ, 

Fernandes, César, Silva & Gomes (2013) saw no PAP effect after 16 minutes and Kilduff 

et al. (2007) saw no PAP effect after 20 minutes. Wilson et al. (2013) says that the 

length of PAP is unknown but is likely to have dissipated after 30 minutes. This 

indicates that the PAP effect has dissipated enough after 20-30 minutes to equal the 

level of fatigue and therefore no longer able to enhance baseline performance (Sale, 

2002). Based on previous research the resting time of 30 minutes would be enough to 

eliminate affecting factors, but cannot completely rule out the effect of warm up on 

performance. Although there are many studies that have shown a positive effect of 

warm up on athletic performance, there are to the author’s knowledge no study that 

have looked at how long the warm up effect is present. This warm up effect is a 

possible error source and could generate greater power due to higher muscle core 

temperature, or it could increase the fatigue and generate less power (Mohr, Krustrup, 

Nybo, Nielsen & Bangsbo, 2004), thus distorting the results. This is why I chose a 

standardized warm up and the same resting period in both Test 2 and Test 3. 

 

Even though this study did evaluate 1RM in bench press, factors like current fitness 

level and not using their preferred setup due to the standardized technique could 

affect the outcome of the 1RM test, which could also have affected the result. The 

bench press exercise and variations like bench press throws has been used many times 

in other upper body studies to elicit PAP (Baker, 2003; Bevan, Owen, Cunningham, 

Kingsley & Kilduff, 2009; Brandenburg, 2005; Ferreira, 2012). The upper body PAP 

studies are giving inconsistent results. Baker (2003) did bench press throws at 65% of 
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1RM and saw an increase in power, but Brandenburg (2005) tried bench press throws 

with different loads and found no increase in power. This might depend on the large 

variety of exercise variations, loads, rest lengths and the use of the same or switching 

exercise to elicit PAP as on the performance test. Some studies used bench press as a 

pre-exercise, and then switched to another exercise for the performance test. For 

example Hrysomallis & Kidgel (2001) used 5 repetitions at 5RM in bench press as pre-

load, and then switched to 3 explosive push-ups as performance test. My study used 

moderately heavy pre-load and performance load in the same exercise. The outcome 

from the combination in this study is difficult to predict due to the large exercise 

variations and the many load and rest combinations that gives mixed results and 

complicates the comparison with other studies.  

The measuring device used to measure power in this study, the linear encoder, could 

also be a source of error. Although it has been validated as a reliable and accurate way 

of measuring power output in vertical axis movements, there are still possibilities that 

it did not register everything correctly. For example, the wire may not always have 

been pulled straight and the encoder might not have been placed perpendicular to the 

ground at all times. Furthermore, this version of linear encoder from MuscleLab could 

not measure peak power, only average power, which lowers the power output and 

could hide a high peak and thereby affecting the results. 

 

5.3  Limitations 
A major limitation of this study is that the study design was not a randomized trial. All 

participants completed Test 1 before Test 2 and after that completed Test 3. Most, but 

not all of the PAP studies have used randomized trials in their method. The reason why 

randomized trials are made is to evade the learning problem, where the subjects learn 

what the study wants to find out or learn the technique of the tests, which can modify 

the behavior of the subject (Scott & Docherty, 2004). Even though this study did not 

investigate the number of repetitions, there could still be a learning effect combined 

with that some subjects could be very competitive and wanting to beat previous 

results, which could be a limitation when comparing with other studies. Because the 

study was performed at the Halmstad University and the participants were recruited in 
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surrounding area, there is a high chance of subjects knowing each other and as a 

consequence wanting to beat each other’s result.   

   

In this study the number of participants was only ten. Due to the small number a 

normal distribution could not be assumed, making the statistical test less sensitive 

Furthermore, because of the low number of participants, no conclusions can be drawn 

from the results because of the high risk of type 1 error, meaning you falsely reject the 

null hypothesis. In addition, the limitations of time and area caused the number of 

possible participants to decrease. A larger group with more participants with a higher 

relative strength and shorter resting time, in a randomized trial using the same 

methodology would perhaps get better and more accurate valid results. 

 

Due to the limitations of time the study setup had to be revised from the original 

setup, where the intervals between the test sessions were to be separated with seven 

days. This was revised down to four days and in the end Test 1 and Test 2 had to be 

conducted on the same day and Test 3 was separated with between 4-7 days 

depending on availability of the subjects and the testing facilities. This time limitation 

made randomization harder to implement.  

 

It is hard to control all external factors when studying humans, even if the group is 

homogenous. Whether subjects drank or not drank alcohol 24 hours before any of the 

tests or ingested any caffeine or other stimulants were only asked but could not be 

determined. Other limitations due to stress, rest, minor injuries, nutrition and other 

personal factors were not controlled and could possibly affect the result. Even if the 

test leaders tried to repeat every test as accurately as possible, monitor technique, 

instruct correctly and make sure the measuring equipment worked properly, there is 

always a possibility that something went wrong. Factors like current physical fitness 

level, that the subjects did not fully accelerate the bar or that the measuring 

equipment did not function properly could affect the result. 
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5.4  Conclusion 
From the results in this study we could not find an effect of PAP that increased average 

power output in bench press among ten male participants. Furthermore, no significant 

effect was observed in the weaker or stronger subgroup. The use of PAP for acute 

performance enhancements in upper body and its use in training and competition 

situations could be questioned, however previous studies have found some more 

promising results. A larger sample size with stronger athletes and shorter resting 

intervals could have a potential effect and needs to be researched further. The 

information from this study does not give any directions of applications for athletes 

and coaches when designing training programs and competition protocols, other than 

that PAP effect seem to be highly individual. The PAP phenomenon needs to be 

studied more closely before it can be applied to upper body performance 

enhancements.  
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7  Appendices 
 

7.1  Appendix 1 
 

Letter of consent 
 
 

Informationsblankett för deltagande i C-uppsats 
 

Information till deltagare 
Hej mitt namn är Dennis Hedin och läser tredje året på Biomedicin – inriktning fysisk träning på 

Högskolan i Halmstad. Just nu gör jag mitt examensarbete  och undrar om du skulle vilja vara med i min 

studie som handlar om post-activation potentiation i bänkpress.  

 

Post-activation potentiation går ut på att det uppstår en förstärkt effekt, en sk potentiering, när man utför ett 

belastande arbete.  Syftet med studien är att se om en tidigare tyngre repetition kan ge en bättre 

efterföljande prestation (mätt i kraftutveckling) vid en lägre belastning.  

 

Deltagande 
Du som tillfrågas har minst 2 års erfarenhet av regelbunden styrketräning och tränar minst 3 dagar i veckan. 

Du har även minst 1 års erfarenhet av bänkpress och tränar bänkpress i snitt en gång i veckan. Vid 

testtillfället så krävs det även att du är frisk och skadefri. Avstå från att både träna och att dricka alkohol 24 

timmar innan testtillfälle, samt undvik koffein eller andra stimulerande ämnen på testdagen. 
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Studieupplägg 
Studien kommer att bestå av 3 testtillfällen, där tillfälle 1 och 2 är under samma dag och tillfälle 3 är ca 4 

dagar senare. Test 1 och 2 kommer totalt ta ca 60 min och test 3 ca 15 minuter och kommer att genomföras 

i laborationssalen vid Högskolan i Halmstad. Ta med bekväma kläder att träna i. Studien kommer att 

genomföras med ett tunnt plagg på överkroppen för att kunna säkerställa teknik. 

 

Under testtillfälle 1 kommer du att bli instruerad för önskat utförande och övrig information kring studien. 

Du kommer att utföra en standardiserad uppvärmning för att sedan ta reda på din maximala belastning vid 

1 repetition (1RM). 

 

Vid testtillfälle 2 så kommer det att utföras samma uppvärmning följt av ett prestationstest på 80% av 

1RM. Till detta används en Linear Encoder för att mäta kraftutvecklingen.  

 

Testtillfälle 3 kommer att inledas med uppvärmning, sedan ett potentieringslyft på 85% av 1RM, följt av en 

längre vila innan prestationstest på 80% av 1RM. 

 

Potentiella risker och obehag 
Det finns alltid en potentiell skaderisk vid fysisk aktivitet och maximal ansträngning. För att minimera risk 

så kommer det att finnas testledare som övervakar och instruerar säkra lyft. Liknande protokoll har utförts i 

tidigare studier och har inte resulterat i skador eller olyckor.  

 

Viktigt att poängtera: det är helt frivilligt att deltaga i studien och du kan när som helst välja att avbryta 

din medverkan utan förklaring.  

 

Sekretess 
Information om deltagare kommer att hanteras konfidentiellt. Presentation av uppgifter kommer att göras 

på gruppnivå, vilket innebär att ingen personlig information kan utläsas. Huvudman är Högskolan i 

Halmstad som lyder under personuppgiftslagen, vilket betyder att du har tillgång till resultatet om så önskas 

och därmed kräva rättelse av uppgifter som handlar om dig. För information kring studien, dina uppgifter 

eller andra frågor, vänligen kontakta mig enligt uppgifterna nedan. 
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Dennis Hedin 

Biomedicin – inriktning fysisk träning 

Högskolan i Halmstad 

0762327881 

denhed13@student.hh.se 

 
Samtycke till deltagande i forskningsstudie 
 

Nedan ger du ditt samtycke att delta i den studien som utvärderar effekten av post-activation potentiation 

på bänkpressförmågan. Läs igenom informationen noga och ge ditt medgivande genom att signera ditt 

namn nederst på sidan.  

 

Jag medgiver att jag: 

 
x Har tagit del av informationen kring studien förstår vad den innebär.  

 
x Har fått ställa de frågor jag önskar och vet vem som är ansvarig huvudman om jag har fler frågor.  

 
x Deltar frivilligt i studien och förstår varför jag har blivit tillfrågad.  

 
x Vet att jag när som helst kan avbryta mitt deltagande i studien utan att ange orsak. 

 
x Jag intygar att jag har läst det informerade samtycket och tagit del av informationen kring studien. Jag förstår vad 

deltagande i studien innebär och ställer upp frivilligt.   

 

 

 

 

Ort och datum_______________________________________________________________  

  

Namn______________________________________________________________________ 

 

Underskrift__________________________________________________________________ 
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