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Abstract: Introduction. The aim of the study is to determine the optimal load for generating the highest 
value of force, power and the rate of power and force development (RFD and RPD) in the upper limb 
of mixed martial arts (MMA) fighters with the use of activation and explosive exercises. The training 
period of MMA players was included in the research. Material and Methods: Twenty-nine MMA fight-
ers participated in the study and were divided into two groups depending on the length of their train-
ing period (under and over 5 years). The subjects did 2 ballistic push-ups before the study and after-
wards they performed 5 repetitions of press dumbbells while lying down with an increasing load: 50% 
1RM, 65% 1RM and 80% 1RM. The rest was 4 minutes. All ballistic push-ups were performed on 
ForceDecks, and the data was analysed using the manufacturer’s software. To compare differences 
between the groups, one-way ANOVA and post-hoc test were used. T-Student test was used to deter-
mine the differences within the groups. Results: Amateurs obtained greater force and RPD results after 
the activation exercise performed at 50% 1RM, while power and RFD at 65% 1RM. For professionals, 
the highest force was achieved with a load of 80% 1RM, power at 50% 1RM, and RFD and RPD at 80% 
1RM. Statistically significant differences between the groups were observed before and after each trial 
in force and RPD. The power did not statistically differ only after the load of 65% 1RM. In RFD, no 
statistically significant differences were found between the studied groups. Conclusions: Competitors 
with longer training experience should use a greater load in an activation exercise than competitors 
with shorter training experience. 

Keywords: MMA, ballistic push-ups, Post Activation Potentiation, press dumbbells. 
 

1. Introduction 
Mixed Martial Arts (MMA) is one of the most popular and fastest growing sports in 

the world [1]. Despite its popularity, the form of martial arts in the area of training is still 
little studied, namely in the optimization of sports training, taking into account different 
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elements of the methodology of strength and muscle power training. Correct selection of 
external loads, rest breaks, the number of series and repetitions, exercises and the order 
of their implementation enables the coaches to effectively prepare an athlete to participate 
in the competition and achieve high sports results. The size of the force and power of 
skeletal muscles is of concern to coaches, athletes, and scientists in order to achieve train-
ing and research goals [2]. During an MMA fight, competitors must demonstrate both 
static and dynamic force, under no load (punch) and load (takedown) conditions [3]. Com-
petitors must be prepared to perform movements repeatedly without excessive fatigue, 
such as knocking down the opponent, turning or fleeing a ground fight, defending sub-
missions, and delivering punches with their hands and kicking legs. Training muscle 
strength and power is the foundation of motor preparation in MMA. Upper limb power 
output is a key aspect of athletic ability and performance [4]. Maximum pressing force 
(bench press) is also important for MMA fighters to increase their ability to push or hit 
opponents [5]. 

According to researchers, training programs aimed at improving muscle power in 
MMA should focus on explosive exercises [6]. Post-Activation Potentiation (PAP) im-
proves the explosive capacity of energized muscles through prior maximal or submaximal 
contractile activity [7]. The possibility of using the post-activation enhancement effect 
(PAP) in muscle strength training is a modern tool to increase the potential of motor train-
ing. In practice, this effect is used in comprehensive training, which consists in combining 
a series of activation exercises, a few minutes' rest break, and performing a series of ex-
plosive exercises [8]. 

In the literature on the subject, in order to determine the optimal motor profile of an 
MMA fighter, the athlete’s lower limbs have been most often studied [9–12]. However, no 
in-depth analysis of MMA fighters’ upper limbs was performed, especially in the compre-
hensive training of the upper limbs. 

The ballistic push-up (BPU) is a reliable measurement exercise for assessing the mus-
cle power and force of the upper limbs [4, 13, 14]. The effectiveness of plyometric push-
ups primarily depends on the rate of power development (RPD) and the rate of force de-
velopment (RFD). Performing very fast movements (e.g. strikes) takes place in the range 
of 50–200 ms, so for an MMA fighter it is crucial to have a high rate of power development 
[15]. Pressing dumbbells lying on a flat bench (activation exercise) and plyometric pump 
(explosive exercise) are commonly used exercises in training strength and muscle power 
of the upper limbs [16–18]. The optimal rest break with external loads of 50% 1RM, 65% 
1RM, 80% 1RM is 4 minutes [19–20]. 

The aim of the study is to determine the optimal load for generating the highest value 
of force, power and the rate of power and force development (RFD and RPD) in upper 
limbs of mixed martial arts (MMA) fighters with a use of activation and explosive exer-
cises. The training period of MMA players was included in the research.  

2. Materials and Methods 

2.1. Participants 
Twenty-nine (n = 29) MMA fighters participated in the study and were divided into 

two groups depending on the length of their training period. The first group consisted of 
amateurs with training experience of less than 5 years (n = 14), and the second group con-
sisted of professionals with training experience of more than 5 years (n = 15). The athletes’ 
classification was developed on the basis of the Ranking of Polish MMA Fighters.  

Only right-handed players took part in the study. Competitors had not participated in 
muscle strength training 72 hours prior to the study. All were informed verbally and in 
writing about the objectives of the intended study and the manner in which it was con-
ducted, as well as the possible health risks and benefits. Before starting the study, each par-
ticipant voluntarily signed consent to participate in the experiment. People who did not 
agree to cooperate or had been ill during the last 7 days before the study were excluded. The 



Balt J Health Phys Act. 2022;14(2):Article2.       3 of 11 
 

 

study was approved by the Bioethical Commission at the Academy of Physical Education 
in Katowice, Poland. Measurements were made at the Laboratory of Muscle Strength and 
Power at the Academy of Physical Education in Katowice.  

 
Table 1. Anthtopometric data of subjects (±SD). 

Variables Amateurs  
(n = 14) 

Professionals 
(n = 15) 

Summary 
(n = 29) 

Age [yrs] 25.0 ±7.3 26.4 ±4.4 25.7 ±5.9 
Training experience [yrs] 1.9 ±1,4 10.3 ±2.9 6.2 ±4.8 

Height (cm) 177.8 ±8.3 179.2 ±5.4 178.5 ±6.9 
Body mass (kg) 75.6 ±13.8 82.1 ±8.6 78.9 ±11.6 

BMI (kg/m²) 23.7 ±2.9 25.5 ±1.9 24.6 ±2.6 
Body fat (%) 13.9 ±10.6 10.0 ±4.2 11.9 ±8.1 

Muscle mass (kg) 37.1 ±8.2 42.6 ±5.3 39.9 ±7.3 
Fat mass (kg) 10.5 ±7.2 8.1 ±3.6 9.3 ±5.7 

2.2. Study Protocol 
The study was carried out in two sessions at the Muscle Strength and Power Labor-

atory at the Jerzy Kukuczka Academy of Physical Education in Katowice. One week be-
fore the main tests, the fasting mass was measured in the morning on the InBody 370 
measuring device, operating on the basis of electrical impedance. The competitors were 
thoroughly acquainted with the information about the test and how to perform the exer-
cises. A trainer of motor preparation presented a demonstration form. Each participant in 
the study had previously performed these two exercises regularly during their training. 
Before proceeding with the determination of the relative load for each competitor, a 20-
minute warm-up was performed. The warm-up consisted of the following elements: rid-
ing a bicycle ergometer (10 minutes), performing three series of push-ups of 10 repetitions 
(5 minutes) and dynamic stretching exercises involving the upper and lower body (5 
minutes). During the first session, the maximum weight (1 RM) of dumbbell press was 
determined for each competitor.  

In the second (main) session, after the above-mentioned 20-minute warm-up, the 
subjects did 2 ballistic push-ups. Then, the subjects performed successive attempts to 
press dumbbells while lying down with increasing load: 5 repetitions with a load of 50% 
1RM, 4-minute rest break (50% – 4), performing 2 ballistic push-ups; 5 repetitions at 65% 
1RM, 4-min. rest break (65% – 4) – 2 ballistic push-ups; 5 repetitions at 80% 1RM, 4-min. 
rest break (80% – 4) – 2 ballistic push-ups. All ballistic push-ups were performed on 
ForceDecks which is dual-force platform sampling at 1000 Hz (Force Decks FD4000, Lon-
don, UK). Data was analysed using the manufacturer’s software (Force Decks Dual Force 
Platform Hardware and Software Solutions). 

During the two sessions, the experiment director and his assistants (motor prepara-
tion trainers) watched the proper execution of the exercises (belayed) to ensure that the 
technique was as effective as possible. 

 
Barbell press lying on a flat bench 

The exercise was performed while lying on the back on a flat bench in a stable posi-
tion, with the feet resting on the ground (starting position). The examined person held 
dumbbells over him in such a way that after lowering the barbell to the middle of the 
chest, the angle at the elbow joint was 90 degrees. The arms were shoulder-width apart, 
perpendicular to the floor. The wrists were turned so that the thumbs were pointing to-
wards each other. The test subject then inhaled, starting to slowly lower the dumbbells to 
the centre of the chest. After holding the dumbbell for a fraction of a second, the examined 
person returned to the starting position, breathing out slowly at the end of the movement. 
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When the arms were extended with dumbbells (elbows should not be hyperextended), 
the participant’s task was to tighten the pectoral muscle strongly and then to start lower-
ing the arms again. When performing the exercise, it was especially taken into account 
that the bench press should follow the effect of the muscles (pectoral muscle). Addition-
ally, the rate of lowering the dumbbells should be twice as slow as the rate of bench press. 

 
Ballistic push-up 

The starting position on the ground (as for a classic push-up) consisted of resting the 
hands with the fingers pointing forward at shoulder height. The body of the examined 
person in an upright position formed a straight line and rested on the toes. When starting 
to bend the elbows, the tested person lowered the chest until it was just above the ground. 
The participant then "exploded" with muscle power to push himself high up and lift his 
hands off the ground. 

2.3. Statistical analysis 
The obtained results were analysed statistically. In order to determine the differences 

between fighters depending on the training experience in terms of the generated force, 
power and rate of power and force development of the upper limbs, one-way ANOVA 
and post-hoc tests were used [21–23]. T-Student test was used to determine the differences 
within the groups. Statistical significance was set at p < 0.05. The calculations were made 
using the STATISTICA 10 statistical package by StatSoft. 

3. Results 
As can be observed from Table 1, professionals are characterized by smaller body fat, 

fat mass and bigger muscle mass than amateurs. Averaged values for the variables of in-
terest and their percent change across external load progression are reported in Table 2 
for the amateur group and in Table 3 for the professional group. 

 
Table 2. Average measurements of force, power, RFD and RPD for amateurs group. 

Amateurs 
 Force 

[N] 
%differ-
ence to 
0% 1RM 

Power 
[W] 

%differ-
ence to 
0% 1RM 

RFD 
[N/s] 

%differ-
ence to 
0% 1RM 

RPD 
[W/s] 

%differ-
ence to 
0% 1RM 0% 1RM 556 479 6518 6726 

50% RM 606 8,24% 513 6,59% 7264 10,26% 8016 16,09% 
65% RM 596 6,67% 549 12,68% 7923 17,73% 7807 13,84% 
80% RM 578 3,74% 548 12,52% 7281 10,47% 7365 8,68% 

 
Table 3. Average measurements of force, power, RFD and RPD for professionals group. 

Professionals 
 Force 

[N] 
%differ-
ence to 
0% 1RM 

Power 
[W] 

%differ-
ence to 
0% 1RM 

RFD 
[N/s] 

%differ-
ence to 
0% 1RM 

RPD 
[W/s] 

%differ-
ence to 
0% 1RM 0% 1RM 705 654 6962 9675 

50% RM 769 8,24% 729 10,34% 8204 15,14% 11675 17,14% 
65% RM 773 8,69% 633 -3,34% 8040 13,41% 11637 16,86% 
80% RM 799 11,76% 707 7,53% 8884 21,64% 12608 23,26% 

 
Analysing the results obtained by amateurs, the greatest force and RPD were ob-

tained at 50% of 1RM, while power and RFD were obtained at 65% of 1RM. The obtained 
differences were not statistically significant, but one should pay attention to the high val-
ues of the percentage difference in the results before and after activation exercises in 
power (12.68% after 65%RM and 12.52% after 80%RM), RFD (17.73 % after 65%RM) and 
RPD (16.09% after 50%RM and 13.84% after 65%RM). 

The results in the professional group were also statistically insignificant; however, 
the greatest percentage change was observed for force at 80% 1RM (11.76%) and power at 
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50% 1RM (10.34%). The greatest changes occurred at the RFD, where the fighters achieved 
better results by 15.14% (50% 1RM), 13.41% (65% 1RM) and 21.64% (80% 1RM). In the case 
of RPD, the subjects from this group obtained better results by 17.14% (50% 1RM), 16.86% 
(65% 1RM) and 23.26% (80% 1RM). 

Comparing the results obtained by amateurs and professionals, statistically signifi-
cant differences were observed between the groups before and after each external load in 
force and RPD. The power did not differ statistically only after the activation exercise per-
formed on an external load of 65% 1RM. In the case of RFD, no statistically significant 
differences were found between the studied groups. The obtained results are presented in 
Figures 1–4. 

 

 
 Fig. 1. Comparison of force results obtained by amateurs and professionals. 

 
Fig. 2. Comparison of RFD results obtained by amateurs and professional. 
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Fig. 3. Comparison of power results obtained by amateurs and professional. 

 
Fig. 4. Comparison of RPD results obtained by amateurs and professionals. 
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In the literature on the subject, the reliability of research tools for determining the 
optimal load in generating force and muscle power of the lower and upper limbs has been 
thoroughly analysed. To determine the optimal load in generating force and muscle 
power of the lower limbs by means of multi-joint exercises, the following tests were used: 
squat jump [26], squat jump and vertical jump [27], half squat [28], barbell squat using 
a Smith machine [29], using a Keizer Leg Press A 420 machine [30–31]. The elbow flexion 
test [32] was used to determine the optimal load in generating strength and muscle power 
of the upper limbs with the use of isolated exercises, while for multi-joint (activation) ex-
ercises, the following tests were most often performed: bench press [33], throwing the 
barbell from a supine position [34] and bench press on a flat bench and throwing the bar-
bell from a lying position [35]. 

Studies with the use of plyometric (explosive) exercises for the upper limbs most of-
ten focused on the open kinetic chain in power generation and on the build-up of muscle 
power using such tests as: vertical throws with a medicine ball up [36], ballistic bench 
press [34,37], the upper limb stability test of a closed kinetic chain [38], training – a test 
consisting of six plyometric exercises, i.e. "ballistic six" [39], and different pump variations 
[40]. Therefore, there are few studies that have tested athletes with a comprehensive upper 
limb training combining activation and explosive exercises. Thanks to the use of compre-
hensive training of the upper limbs, MMA fighters can improve the technique of perform-
ing, in particular, punches (e.g. Pimp Slap, Hammer Fist, Backfist, Mongolian Chop), 
takedowns and throws (e.g. Piledriver, Slam), as well as faster prepare for situations re-
sulting from direct duels with the opponent. 

In the literature on the subject, the highest values of the rate of muscle power growth 
for the lower and upper limbs are extensive and are within a range of 10–85% 1RM [28, 
29, 41]. The extent of the results depends on the research area: lower or upper limbs, pol-
yarticular or isolated exercises, traditional or explosive ones, player’s experience, and 
training experience [26, 32, 42]. A review of studies by Kawamori et al. [43] showed that 
external loads for upper limbs, using isolated exercises and for untrained people, tend to 
be less than 30–45% 1RM, while for lower limbs, using multi-joint exercises and for trained 
people, external loads are usually greater 30–70 % 1RM. Also, the studies of other authors 
[44, 45] conducted with the participation of competitive athletes show the effectiveness of 
using higher external loads in conditioning exercises, ranging from 70% to 93% 1RM. 

Results of own research show that athletes with longer training experience achieve 
the highest values of force, RFD and RPD at 80% 1RM; only in the case of power, they 
achieve the highest values at 50% 1RM. Athletes with shorter training experience achieve 
the highest values of force and RPD at 50% and power and RFD at 65% 1RM. As in most 
external loading reviews, it has been shown that weights of 60–84% 1RM may be the most 
effective in producing PAP [46, 47]. 

5. Conclusions 
1. Competitors with longer training experience achieve the highest value of upper limb 

force at 80% 1RM, while competitors with shorter training experience at 50% 1RM. 
2. Competitors with longer training experience achieve the highest value of RFD at 

80% 1RM, while competitors with shorter training experience at 65% 1RM. 
3. Competitors with longer training experience achieve the highest value of upper limb 

RPD at 80% 1RM, while competitors with shorter training experience at 50% 1RM. 
 

Practical applications 
Competitors with longer training experience and at a higher sport level should use 

a greater load in an activation exercise than competitors with shorter training experience. 
 
 
 



Balt J Health Phys Act. 2022;14(2):Article2.       8 of 11 
 

 

References 
1. Adam M, Pujszo R, Kuźmicki S, Szymański M, Tabakov S. MMA fighters’ technical-tactical prep-

aration – fight analysis. J Combat Sport Mart Arts. 2015;6:35–41. DOI: 10.5604/20815735.1174229 
2. Żołądź JA. Co warunkuje siłę, moc i wytrzymałość mięśni szkieletowych człowieka? Statsoft 

Polska; 2013: 23–27. 
3. James LP, Kelly VG, Beckman EM. Periodization for Mixed Martial Arts. Strength Cond J. 

2013;35: 34–45. DOI: 10.1519/SSC.0000000000000017 
4. Hogarth LW, Deakin G, Sinclair W. Are plyometric push-ups a reliable power assessment 

toll? J Austr Strength Cond. 2013;21:67–69. 
5. Baker D, Newton RU. Methods to increase the effectiveness of maximal power training for 

the upper body. Strength Cond J. 2005;27:24–32. DOI: 10.1519/00126548-200512000-00004 
6. La Bounty P, Campbell BI, Galvan E, Cooke M, Antonio J. Strength and conditioning considera-

tions for mixed martial arts. Strength Cond J. 2005;33:56–67. DOI:  10.1519/SSC.0b013e3182044304 
7. Docherty D, Hodgson MJ. The application of postactivation to elite sport. Int J Sport Physiol 

Perform. 2007;4:439–444. DOI: 10.1123/ijspp.2.4.439 
8. Gołaś A, Maszczyk A, Zajac A, Mikołajec K, Stastny P. Optimizing post activation potentia-

tion for explosive activities in competitive sports. J Hum Kinetics. 2016;52:95–106. DOI: 
10.1515/hukin-2015-0197 

9. Beato M, Stiff A, Coratella G. Effects of postactivation potentiation after an eccentric overload 
bout on countermovement jump and lower-limb muscle strength. J Strength Cond Res. 
2021;35(7):1825–1832. 

10. James LP, Haff G, Vince K, Beckman E. Towards a determination of the physiological charac-
teristics distinguishing successful mixed martial arts athletes: A systematic review of combat 
sport literature. Sport Med. 2016;46:525–1527. DOI: 10.1007/s40279-016-0493-1 

11. Lockie RG, Risso FG, Lazar A, Giuliano DV, Stage AA, Liu TM, et al. Between-leg mechanical 
differences as measured by the Bulgarian split-squat: Exploring asymmetries and relation-
ships with sprint acceleration. Sports. 2017;5(3):65. DOI: 10.3390/sports5030065 

12. James LP, Beckman EM, Kelly VG, Haff GG. The neuromuscular qualities of higher- and 
lower-level mixed-martial-arts competitors. Int J Sport Physiol Perform. 2017;12:612–620. 
DOI: 10.1123/ijspp.2016-0373 

13. Hyrsomalis C, Kidgell D. Effect of Heavy Dynamic Resistive Exercise on Acute Upper-Body 
Power. National Strength and Conditioning Association. 2001; 15:426–430. DOI: 
10.1519/00124278-200111000-00005 

14. Wang R Hoffman J, Sadres E, Bartolomei S, Muddle T, Fukuda D, Stout J. Evaluating upper-
body strength and power from a single test: The ballistic push-up. J Strength Cond Res. 
2017;35:1338–1345. DOI: 10.1519/JSC.0000000000001832 

15. Aagaard PS, Simonsen EB, Andersen JN, Magnusson P, Dyhre-Poulsen P. Increased rate of 
force development and neural drive of human skeletal muscle following resistance training. 
J Appl Physiol. 2002; 93:1318–1326. DOI: 10.1152/japplphysiol.00283.2002 

16. Koch J, Bryan L, Davies GJ. Ground reaction force patterns in plyometric push-ups. J Strength 
Cond Res. 2012;26:2220–2227. DOI: 10.1519/JSC.0b013e318239f867 

17. Patterson JM, Vigotsky AD, Oppenheimer NE, Feser E. Differences in unilateral chest press 
muscle activation and kinematics on a stable versus unstable surface while holding one ver-
sus two dumbbells. Peer J. 2015;3:1365. DOI: 10.7717/peerj.1365 

18. Nibali ML, Chapman DW, Robergs RA, Drinkwater EJ. Considerations for determining the 
time course of post-activation potentiation. Applied physiology, nutrition, and metabolism. 
2015;40:1163–1170. DOI: 10.1139/apnm-2015-0175 

19. Liossis LD, Forsyth J, Liossis C, Tsolakis C. The acute effect of upper-body complex training 
on power output of martial art athletes as measured by the bench press throw exercise. J Hum 
Kinetics. 2013;39:167–175. DOI: 10.2478/hukin-2013-0079 

20. McCann MR, Flanagan PS. The effects of exercise selection and rest interval on postactivation 
potentiation of vertical jump performance. J Strength Cond Res. 2010;5:1285–1291. DOI:  
10.1519/JSC.0b013e3181d6867c 

21. Maestas C, Preuhs R. Modeling volatility in political time series. Electoral Stud. 2010;19:95–
110. DOI: 10.1016/S0261-3794(99)00038-4 

22. Greene W.H. Econometric Analysis. New Jersey: Prentice Hall, 2003. 
23. Keele L, Kelly NJ. Dynamic models for dynamic theories: the ins and outs of legged depend-

ent variables. Politic Analys. 2006;14:186–205. DOI: 10.1093/pan/mpj006 

https://doi.org/10.5604/20815735.1174229
https://doi.org/10.1519/SSC.0000000000000017
https://doi.org/10.1519/00126548-200512000-00004
https://doi.org/10.1519/SSC.0b013e3182044304
https://doi.org/10.1123/ijspp.2.4.439
https://doi.org/10.1515/hukin-2015-0197
https://doi.org/10.1007/s40279-016-0493-1
https://doi.org/10.3390/sports5030065
https://doi.org/10.1123/ijspp.2016-0373
https://doi.org/10.1519/00124278-200111000-00005
https://doi.org/10.1519/JSC.0000000000001832
https://doi.org/10.1152/japplphysiol.00283.2002
https://doi.org/10.1519/JSC.0b013e318239f867
https://doi.org/10.7717/peerj.1365
https://doi.org/10.1139/apnm-2015-0175
https://doi.org/10.2478/hukin-2013-0079
https://doi.org/10.1519/JSC.0b013e3181d6867c
https://doi.org/10.1016/S0261-3794(99)00038-4
https://doi.org/10.1093/pan/mpj006


Balt J Health Phys Act. 2022;14(2):Article2.       9 of 11 
 

 

24. Stone MH, O’Bryant HS, McCoy L, Coglianese R, Lehmkuhl M, Shillin B. Power and maxi-
mum strength relationships during performance of dynamic and static weighted jumps. J 
Strength Cond Res. 2003;17:140–147. DOI: 10.1519/00124278-200302000-00022 

25. Davies G, Matheson D. Shoulder plyometrics. Sport Med Arthroscopy Rev. 2001;9:1–18. DOI: 
10.1097/00132585-200101000-00001 

26. Baker D, Nance S, Moore M. The load that maximizes the average mechanical power output 
during jump squats in power-trained athletes. J Strength Cond Res. 2001;15:92–97. DOI: 
10.1519/00124278-200102000-00016 

27. Stone M, Plisk S, Collins D. Training principles: Evaluation of modes and methods of re-
sistance training – A coaching perspective. Sport Biomech. 2002;1:79–103. DOI: 
10.1080/14763140208522788 

28. Izquierdo M, Hakkinen K, Gonzalez-Badillo JJ, Ibanez J, Gorostiag Em. Effects of long-term 
training specificity on maximal strength and power of the upper and lower extremities in 
athletes from different sports. Eur J Appl Physiol. 2002;87:264–271. DOI: 10.1007/s00421-002-
0628-y 

29. Siegel JA, Gilders RM, Staron RS, Hagerman FC. Human muscle power output during upper- 
and lower-body exercises. J Strength Cond Res. 2002;16:173–178. DOI: 10.1519/00124278-
200205000-00002 

30. LeBrasseur NK, Bhasin S, Miciek R, Storer TW. Tests of muscle strength and physical func-
tion: Reliability and discrimination of performance in younger and older men and older men 
with mobility limitations. J Am Geriatr Soc. 2008;56:2118–2123. DOI: 10.1111/j.1532-
5415.2008.01953.x 

31. Redden J, Stokes K, Williams S. Establishing the Reliability and Limits of Meaningful Change 
of Lower Limb Strength and Power Measures during Seated Leg Press in Elite Soccer Players. 
J Sport Sci Med. 2018;17: 539–546.  

32. Moss BM, Refsnes PE, Ablidgaard A, Nicolaysen K, Jensen J. Effects of maximal effort strength 
training with different loads on dynamic strength, cross-sectional area, load-power and load-
velocity relationships. Eur J Appl Phys. 1997;75:193–199. DOI:  10.1007/s004210050147 

33. Mayhew JL, Ware JS, Johns RA, Bemben MG. Changes in upper body power following heavy-
resistance strength training in college men. Int J Sport Med. 1997;18:516–520. DOI: 10.1055/s-
2007-972674 

34. Newton R, Murphy A, Humphries B, Wilson G, Kramer W, Hakkine K. Influence of load 
stretch shortening cycle on kinematics, kinetics, and muscle activation that occurs during  
explosive upper-body movements. Eur J Appl Physiol. 1997;75:333–342. DOI:  
10.1007/s004210050169 

35. Cronin J, McNair PJ, Marshall RM. Developing explosive power: A comparison of technique 
and training. J Scie Med Sport. 2001;4:59–70. DOI: 10.1016/S1440-2440(01)80008-6 

36. Ebben W, Blackard , Jensen R. Quantification of medicine ball vertical impact forces: Estimat-
ing effective training loads. J Strength Cond Res. 1999; 13:271–274. DOI: 10.1519/00124278-
199908000-00015 

37. Frost D, Cronin B, Newton R. A novel approach to identify the end of the concentric phase 
during ballistic upper-body movements. J Strength Cond Res. 2010; 24:282–286. DOI: 
10.1519/JSC.0b013e31819f1e7e 

38. Schulte-Edelmann JA, Davies GJ, Kernozek TW, Gerberding ED. The effects of plyometric 
training of the posterior shoulder and elbow. J Strength Cond Res. 2005;19(1):129–34. DOI: 
10.1519/00124278-200502000-00022 

39. Carter RT. Racism and psychological and emotional injury: Recognizing and assessing race-
based traumatic stress. Counsel Psychol. 2007;35(1):13–105. DOI: 10.1177/ 0011000006292033 

40. Freeman S, Karpowicz A, Gray J, McGill S. Quantifying muscle patterns and spine load dur-
ing various forms of the push-up. Med Sci Spot Exerc. 2005;38:570–577. DOI:  
10.1249/01.mss.0000189317.08635.1b 

41. Jones K, Bishop P, Hunter G, Fleisig G. The effects varying resistance-training loads on inter-
mediate- and high-velocity-specific adaptations. J Strength Cond Res. 2001; 15:349–356. DOI: 
10.1519/00124278-200108000-00016 

42. Newton RU, Dugan E. Application of strength diagnosis. J Strength Cond Res. 2002; 24:50–59. 
DOI: 10.1519/00126548-200210000-00014 

43. Kawamori N Haff GG. The optimal training load for the development of muscular power.   
J Strength Cond Res. 2004;18:675–684. DOI: 10.1519/00124278-200408000-00051 

44. Lowery RP, Duncan NM, Loenneke JP, Sikorski EM, Naimo MA, Brown LE, Wilson FG, 
Wilson J. The effects of potentiating stimuli intensity under varying rest periods on vertical 

https://doi.org/10.1519/00124278-200302000-00022
https://doi.org/10.1097/00132585-200101000-00001
https://doi.org/10.1519/00124278-200102000-00016
https://doi.org/10.1080/14763140208522788
https://doi.org/10.1007/s00421-002-0628-y
https://doi.org/10.1007/s00421-002-0628-y
https://doi.org/10.1519/00124278-200205000-00002
https://doi.org/10.1519/00124278-200205000-00002
https://doi.org/10.1111/j.1532-5415.2008.01953.x
https://doi.org/10.1111/j.1532-5415.2008.01953.x
https://doi.org/10.1007/s004210050147
https://doi.org/10.1055/s-2007-972674
https://doi.org/10.1055/s-2007-972674
https://doi.org/10.1007/s004210050169
https://doi.org/10.1007/s004210050169
https://doi.org/10.1016/S1440-2440(01)80008-6
https://doi.org/10.1519/00124278-199908000-00015
https://doi.org/10.1519/00124278-199908000-00015
https://doi.org/10.1519/JSC.0b013e31819f1e7e
https://doi.org/10.1519/00124278-200502000-00022
https://doi.org/10.1177/0011000006292033
https://doi.org/10.1249/01.mss.0000189317.08635.1b
https://doi.org/10.1249/01.mss.0000189317.08635.1b
https://doi.org/10.1519/00124278-200108000-00016
https://doi.org/10.1519/00126548-200210000-00014
https://doi.org/10.1519/00124278-200408000-00051


Balt J Health Phys Act. 2022;14(2):Article2.       10 of 11 
 

 

jump performance and power. J Strength Cond Res. 2012;26:3320–5. DOI: 10.1519/ 
JSC.0b013e318270fc56 

45. Gołaś , Wilk , Stastny P, Maszczyk A, Pajerska K, Zając A. Optimizing half squat post activa-
tion potentiation load in squat jump training for eliciting relative maximal power in ski jump-
ers. J Strength Cond Res. 2017; 31:3010–3017. DOI: 10.1519/JSC.0000000000001917 

46. Wilson MJ, Duncan NM, Marin PJ, Brown LE, Loenneke JP., Wilson SM, Jo E, Lowery RP, 
Ugrinowitsch C. Meta-analysis of postactivation potentation and power: Effects of conditioning 
activity, volume, gender, rest periods and training status. J Strength Cond Res. 2013;27:854–9. 

47. Lesinski M, Muehlbauer T, Büsch D, Granacher U. Acute effects of postactivation potentiation 
on strength and speed performance in athletes. Sportverletz Sportschaden. 2013;27:147–55.  
DOI: 10.1055/s-0033-1335414  

https://doi.org/10.1519/JSC.0b013e318270fc56
https://doi.org/10.1519/JSC.0b013e318270fc56
https://doi.org/10.1519/JSC.0000000000001917
https://doi.org/10.1055/s-0033-1335414


Balt J Health Phys Act. 2022;14(2):Article2.       11 of 11 
 

 

Author Contributions: Study Design, AL, AI, AG, AM; Data Collection, AL, AI, PF, MN, AG, AM; Statistical Analysis, AL, AI, 
PF, MN, AG, AM; Data Interpretation, AL, AI, PF, MN, AG, AM; Manuscript Preparation, AL, AI, PF, MN, AG, AM; Literature 
Search,  AL, AI, PF, MN, AG, AM; Funding Acquisition, AM . All authors have read and agreed to the published version of the 
manuscript.  

Funding: The study was supported and funded by the statutory research of the Jerzy Kukuczka Academy of Physical Education 
in Katowice, Poland. 

Institutional Review Board Statement: The study was approved by the Bioethical Commission at the Jerzy Kukuczka Academy 
of Physical Education in Katowice, Poland.     

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study. 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflict of interest.  

 


	Effect of post-activation potentiation on the force, power and rate of power and force development of the upper limbs in mixed martial arts (MMA) fighters, taking into account training experience
	Recommended Citation

	Effect of post-activation potentiation on the force, power and rate of power and force development of the upper limbs in mixed martial arts (MMA) fighters, taking into account training experience
	Abstract
	Keywords
	Creative Commons License
	Authors

	1. Introduction
	2. Materials and Methods
	2.1. Participants
	2.2. Study Protocol
	2.3. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusions
	References

