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Accommodating resistance is more effective than free weight resistance to 
induce post-activation performance enhancement in squat jump 
performance after a short rest interval 
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A B S T R A C T   

Background/objectives: Prior work regarding post-activation performance enhancement (PAPE) has shown that 
various resistance training methods and conditioning activities may induce a PAPE effect such as free weight 
resistance, accommodating resistance or isoinertial resistance. However, the accommodating resistance and 
other types of resistance have rarely been directly compared. Thus, the aim of this study was to compare the 
effects of two different conditioning activities (CA) - a trap bar deadlift with (FW + AR condition) or without (FW 
condition) accommodating resistance - on subsequent squat jump (SJ) performance after a short rest interval of 
90s. 
Methods: The study had a cross-over design and fifteen strength trained males (mean age: 22.9 ± 2.1 years; mean 
relative strength level 2.01 ± 0.27 kg/body mass) participated in one familiarization, two experimental and one 
control session (CNTR condition). Two CAs were implemented throughout the study - a single set of 3 repetitions 
of a trap bar deadlift at 80 % of 1RM using solely free weight resistance or with the addition of approximately 15 
% of 1RM elastic band tension. The SJ measurements were performed at the baseline and 90s after CAs. 
Results: The FW + AR condition significantly improved subsequent SJ performance (p < 0.05, effect size 0.34) 
whereas the FW and CNTR conditions were found to be ineffective to acutely enhance performance. 
Conclusions: Our results suggest that the addition of accommodating resistance is superior to free weight resis-
tance in order to acutely improve jump performance after a 90s rest interval. To observe the performance 
enhancement effect with solely free weight resistance it should be considered to introduce alteration in loading 
strategies or possibly lengthening the rest interval.   

1. Introduction 

One of the most frequently used training practices to improve 
explosive performance is to apply an intense conditioning activity (CA) 
prior to an explosive exercise such as sprinting or jumping. The phe-
nomenon of an increased power output during subsequent explosive 
exercise is called post-activation performance enhancement (PAPE).1 

This physiological mechanism has been previously called postactivation 
potentiation (PAP) but authors recently suggested that using the term 
PAPE is more appropriate to refer to the enhancement of measures of 
maximal strength, power and speed following conditioning contrac-
tions.2,3 A training method that is frequently implemented in sports 
training and incorporates the PAPE phenomenon is contrast training.4 

Although volume5,6 and intensity6,7 of the conditioning activity are 

common attributes that determine the level of performance enhance-
ment effect, other factors must also be considered,8 including muscle 
contraction type,9–12 force vector13 or range of motion.14 Nevertheless, 
the most important requirement for an effective PAPE protocol may be 
prescribing an appropriate rest interval between both exercises15 that 
can be influenced by the parameters of the CA and also characteristics of 
the individual (e.g. strength level).16 Despite multiple analyses, no 
consensus was achieved between the authors considering the optimal 
rest interval. Some authors suggest 5–7 min to have the biggest effect17 

whereas the others found 6–10 min18 or 3–7 min considering vertical 
jump performance.19 Strength and conditioning coaches tend to use 
different types of resistance to achieve the desired outcome. Apart from 
traditional free weight resistance the other commonly used are pneu-
matic resistance, isoinertial resistance and two types of accommodating 
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resistance - elastic bands and chains. Considering PAPE research, the 
authors show particular interest in a combination of free weight resis-
tance and accommodating resistance20–30 that was proven to be effective 
in generating muscle potentiation.31 However, the researchers seem to 
focus in their studies solely on accommodating resistance - a training 
method that involves using elastic bands or chains and challenges ath-
letes to constantly accelerate through a given range of motion.32 Only 
four studies compared the accommodating resistance with other types of 
resistance: two with isoinertial resistance22,25 and two with traditional 
free weight resistance.24,26 One additional study compared the 
sport-specific CAs28 where the participants used an elastic resistance CA 
or punch-specific isometric CA and the results of the study indicate that 
both types of CAs improved punch-specific performance. Each of the 
comparison studies22,24–26 proved that a combination of free weight and 
accommodating resistance was more effective than the other type of 
resistance (isoinertial or free weight) to induce the PAPE effect. Iso-
inertial resistance is an interesting subject for future research but it is 
worth mentioning that this type of resistance is expensive whereas free 
weight and accommodating resistance are more affordable for a general 
audience. Additionally, the use of accommodating resistance can be 
exceptional as it may also allow the reduction of the rest interval be-
tween two exercises to 90–120s and still produce a performance 
enhancement effect.20,21,23,26,29 According to meta-analysis by Wilson 
et al.18 the duration of the PAPE effect can last up to 10 min, which can 
be beneficial for some sport events that would require a delayed post 
warm-up PAPE effect (e.g. swimming or sprinting start). However, 
strength and conditioning coaches frequently have limited time for a 
session and implementing accommodating resistance may be beneficial 
in case of time management. Therefore, comparing the efficacy of these 
two types of resistance to induce the PAPE should be the main focus of 
the researchers as they are most commonly used in strength training. 

A back squat is the most frequently used training exercise in PAPE 
research and was used in all of the comparison studies.22,24–26 However, 
the authors suggest that a trap bar deadlift could be an effective training 
alternative to a back squat33 and there is growing evidence regarding the 
use of a trap bar deadlift as a CA.28,29,34–36 Three of the studies focused 
on comparing the performance enhancement effects between a back 
squat and a trap bar deadlift34–36 and all these studies used solely free 
weight resistance. One of the studies indicated no PAPE effect in both 
exercises,34 in the other study both exercises improved sprint perfor-
mance35 and the last one proved that a trap bar deadlift was superior to a 
back squat in improving subsequent vertical jump performance.36 Three 
other trap bar deadlift studies focused on the efficacy of a combination 
of free weight and accommodating resistance on the PAPE.28,29,36 The 
results of these studies are inconsistent as the first one showed no per-
formance enhancement effect,36 the other suggested that a trap bar 
deadlift may be more effective for squat jump than counter-movement 
jump28 and the last one indicated the performance enhancement effect 
in subsequent squat jump.29 Therefore, a trap bar deadlift was proved to 
be effective in inducing PAPE in both manners: using free weight 
resistance35,36 and a combination of free weight and accommodating 
resistance.29 

Even though a trap bar deadlift can be an effective CA, comparing the 
efficacy of free weight resistance and a combination of free weight and 
accommodating resistance was not the authors’ objective. So far, all of 
the comparison studies22,24–26 considering back squat indicated that a 
combination of free weight and accommodating resistance was superior 
to the other types of resistance. Our previous research29 showed that a 
trap bar deadlift with accommodating resistance can induce PAPE in 90s 
after CA. Thus, the main purpose of this study was to compare the ef-
ficacy of two CAs - a trap deadlift with or without accommodating 
resistance - on subsequent SJ performance. The meta-analysis suggests 
using rest intervals of at least 3 min considering vertical jump perfor-
mance19 but the performance enhancement effect may also occur in less 
than 3 min when accommodating resistance is added to free weight 
resistance.20,21,23,26,29 We hypothesized that both types of CAs could 

provide sufficient stimuli to subsequently enhance SJ performance. 

2. Methods 

2.1. Study design 

This study had a cross-over design and the participants took part in 
four sessions: one familiarization, two experimental and one control. 
The sessions were performed in the morning (from 8 a.m. to 12 a.m.) and 
an obligatory break between sessions of 48–72 h was introduced. The 
study began with a familiarization session that included somatic mea-
surements, one-repetition maximum determination (1RM) in a trap bar 
deadlift and familiarization with a SJ test. Afterwards, in the main part 
of the study, the participants took part in two experimental and one 
control session in a random order (Fig. 1). The experimental sessions 
included a standardized warm-up, baseline SJ, PAPE condition with CA 
(with or without accommodating resistance) and post-CA SJ after 90s, 
whereas the control one included a standardized warm-up, baseline SJ, 
control condition without CA and post-CA SJ after 90s. There were two 
types of conditioning activity used in the study - the first was a single set 
of 3 repetitions of a trap bar deadlift at 80 % of 1RM solely from free 
weight (named FW), whereas the second was a single set of 3 repetitions 
of a trap bar deadlift at 80 % of 1RM with approximately 15 % of 1RM of 
an elastic band and the rest of the load was provided by free weight 
(named FW + AR). 

To take part in the study, the participants were required to meet the 
following inclusion criteria: a) relative strength level in a trap bar 
deadlift ≥ 1.5 kg/body mass; b) regular participation in resistance 
training (at least 3 times a week); c) free from injuries or other muscu-
loskeletal disorders in the last 6 months. The participants were 
instructed to maintain their usual training, dietary and sleeping habits 
throughout the study. They voluntarily took part in the study and pro-
vided signed informed consent after being informed about the study 
protocol and potential risks and benefits of the study. The study protocol 
was accepted by the Bioethics Committee (Regional Medical Chamber in 
Kraków, opinion no: 1/KBL/OIL/2022) and was performed in accor-
dance with the ethical standards of the declaration of Helsinki in 2013. 
The sample size was calculated a priori using G*Power statistical soft-
ware (Dusseldorf, Germany). The calculation was based on the following 
variables: the ANOVA with repeated measures, an effect size (f) of 0.5, 
an alpha value of 0.05, a statistical power of 0.95 (95 %) and a corre-
lation between measurements of 0.50. A sample size of at least 15 in-
dividuals was obtained. 

2.2. Participants 

Fifteen strength-trained males participated in the study. The average 
age of the participants was 22.9 ± 2.1 years, body height 182 ± 6.5 cm, 
body mass: 80.4 ± 9.8 kg; body fat 15.8 ± 7.0 %; BMI 24.1 ± 2.8; lean 
body mass 67.5 ± 8.8 kg. The participants had an experience in various 
sports: 6 in volleyball, 3 in football, 1 in powerlifting, 1 in fencing, 1 in 
sprinting, 1 in cycling, 1 in crossfit, 1 in calisthenics. One additional 
participant was willing to participate in the study but his relative 
strength level (approximately 1.4 kg/body mass) was insufficient and 
was excluded from the study after 1RM measurements. 

2.3. Warm-up protocol 

The warm-up protocol was standardized and was performed at the 
beginning of each session. Total duration of the warm up was approxi-
mately 15 min and it consisted of two parts. The first part was a general 
warm-up to raise body temperature and it included 10 min of cycling on 
a cycle ergometer (Monark, Sweden) at a heart rate of 100–120 bpm. 
The second part took approximately 5 min and the participants per-
formed dynamic stretching. It consisted of a set of 3 exercises of 10 
repetitions each: knee to chest with calf raise; heel to buttocks with calf 
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raise; hip external rotation with calf raise. 

2.4. Familiarization session 

The familiarization session consisted of three parts - somatic mea-
surements, 1RM determination in a trap bar deadlift and familiarization 
with the SJ test. The somatic measurements were performed barefoot 
and participants were instructed to distribute their body weight evenly 
on the platform. Their body height was measured by a stadiometer 
(SECA, Germany), whereas body mass and body composition (body fat 
and lean body mass) were measured using the JAWON scale (Korea, 
bioelectrical impedance analysis). 

The second part of the familiarization session included 1RM deter-
mination in a trap bar deadlift. Participants performed a standardized 
warm-up and the subsequent 1RM determination was executed in the 
same manner as previously described.26 All repetitions were performed 
with high handles of a trap bar and the participants were instructed to 
perform each repetition with a maximal velocity in a concentric part of 
the lift and approximately 2s of the eccentric phase. The result of the 
1RM measurements was the mean relative of 2.01 ± 0.27 kg/body mass. 

The third part of that session was familiarization with the squat jump 
test. After the 1RM determination, the participants executed the SJ test 
several (3–5) times - the exact number of executions was based on the 
participant’s ability to learn the movement pattern with the correct 
technique. 

2.5. Squat jump measurements 

Squat jump measurements were executed in the same manner as 
previously described.28 The participants were instructed to perform a 
downward movement to reach approximately 90◦ of knee flexion, fol-
lowed by an isometric hold of 2 s (that were counted by the supervisor of 
the study) and a jump from an isometric position. The measurements 

were performed with OptoJump (Italy) - a measurement system that was 
proved to be valid and reliable in assessing vertical jump height.37 

2.6. Experimental and control sessions 

The participants performed two experimental sessions that took 
approximately 30 min and one control session that took approximately 
25 min. Each session began with the standardized warm-up (as in 
familiarization session) and 90s after the warm-up they performed 
baseline SJ. 90s after baseline SJ the participants performed a single set 
of 3 repetitions at 50 % of 1RM. During the control session (CNTR 
condition) they performed post-control SJ 90s after this set and it was 
the final part of the measurements for the day. During experimental 
sessions, after 180s of recovery after this set, the participants performed 
a CA of the study - a single set of 3 repetitions of a trap bar deadlift at 80 
% of 1RM. One day it was performed only with traditional resistance 
(FW condition) and on the other day with the use of accommodating 
resistance (FW + AR condition) - approximately 15 % of 1RM of an 
elastic band. Then, in both experimental protocols, the participants 
performed post-CA SJ after 90s (Fig. 2). Throughout the protocols, in all 
of the measurements, two repetitions of SJ were performed and the one 
with a higher value of jump height (JH) was kept for further statistical 
analysis. 

In the TR condition all the resistance was coming from traditional 
plates. In the TR + AR condition total resistance of the intended per-
centage of 1RM was divided into 65 % of 1RM of traditional resistance 
and approximately 15 % of 1RM of an elastic band. Four types of brand 
new elastic bands (Domyos, Germany) of different thickness were used 
throughout the study to assess an adequate accommodating resistance. 
The resistance of the band was calculated as the median of the range of 
the resistance suggested by the producer. 

Fig. 1. Study design. 1RM - one repetition maximum; CA - conditioning activity; SJ - squat jump; FW + AR - condition with the addition of accommodating 
resistance; FW - condition with solely free weight; CNTR - control condition. 
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2.7. Statistical methods 

All data is presented as mean and standard deviation (SD). The dis-
tribution of variables was checked with the Shapiro–Wilk test. To assess 
the significance of the CA used in the study on jump performance the 
three-way ANOVA with repeated measures was implemented (analyzed 
factors: condition [FW vs. FW + AR vs CNTR], time [pre vs. post] and 
interaction between these factors). Post hoc analysis was performed 
using the LSD test. Levene’s test was used to check the homogeneity of 
variance within the groups. The differences were considered statistically 
significant for p < 0.05. The effect size (Cohen’s d) was calculated and 
interpreted as small (0.20), medium (0.50), or large (0.80).38 The 
STATISTICA 13.1 PL (StatSoft, Inc., Tulsa, OK, United States) was 
implemented for statistical calculations. 

3. Results 

Analyzing the data, the FW + AR condition was found to induce 
PAPE response - all the parameters of the jump significantly improved 
after applying CA. Both FW and CNTR conditions were ineffective as pre 
to post-CA changes did not indicate a significant difference (Table 1 and 
Table 2). 

During an individual analysis, it was found that in FW + AR condi-
tion most of the participants acutely increased their performance in post- 
CA SJ. In FW + AR condition for 11 out of 15 participants (73 %) a CA 
was sufficient to induce PAPE, and additionally 2 of them had nearly the 
same performance (− 0.3 % and − 0.2 %). On the contrary, in CNTR 
condition only 9 of 15 (60 %) acutely improved their performance and in 
FW 8 of 15 (53 %) (Table 2). 

Fig. 2. Study flow.  

Table 1 
Results of jumping tests after applicated CA with 90s rest interval (presented as mean ± SD).  

Variable Condition Pre Post Effect: Group 
F p 
ƞp2 

Effect: Time 
F p 
ƞp2 

Interaction 
F p 
ƞp2 

Post hoc 
Pre vs. Post p 

Pre vs. Post ES 

JH FW 36.9 ± 4.8 37.2 ± 5.4 0.09 2.49 2.84 0.756 0.06 
FW + AR 36.6 ± 4.3 38.1 ± 4.4 0.91 0.12 0.69 0.007 0.34 
CNTR 36.7 ± 4.7 36.6 ± 5.0 0.004 0.055 0.119 0.694 0.02 

FT FW 0.547 ± 0.036 0.549 ± 0.040 0.09 2.49 2.84 0.756 0.05 
FW + AR 0.545 ± 0.032 0.557 ± 0.033 0.91 0.12 0.69 0.007 0.37 
CNTR 0.546 ± 0.036 0.544 ± 0.038 0.004 0.055 0.119 0.694 0.05 

RAP FW 15.3 ± 1.3 15.4 ± 1.5 0.175 4.696 2.704 0.554 0.07 
FW + AR 15.2 ± 1.0 15.8 ± 1.0 0.84 0.03 0.08 0.003 0.6 
CNTR 15.3 ± 1.0 15.3 ± 1.3 0.008 0.100 0.114 0.972 0 

JH - jump height; FT - flight time; RAP - relative average power. 
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4. Discussion 

The results of this study indicate that a short rest interval of 90s was 
sufficient to induce the performance enhancement effect in subsequent 
SJ in a trap bar deadlift with accommodating resistance. Our results are 
in agreement with other studies - a combination of free weight and ac-
commodating resistance is effective in inducing PAPE with a short rest 
interval of only 90s.20,21,23,29 However, a single set of a trap bar deadlift 
with free weight resistance and 90s rest interval was not effective in 
inducing PAPE. Thus, the combination of free weight and accommoda-
ting resistance is superior to solely free weight resistance in a trap bar 
deadlift when the short rest interval is applied. 

To our knowledge, this is the first study that has compared two types 
of resistance in a trap bar deadlift regarding PAPE response. So far, only 
two studies24,26 have compared free weight resistance and a combina-
tion of free weight and accommodation resistance, but the CA used in 
these studies was back squat. Different rest intervals were implemented 
by different authors - our study used a 90s rest interval, whereas the 
study by Mina et al.24 used various post-CA rest intervals (30s, 4, 8, 12 
min) and the study by Popp Marin et al.26 also used various rest intervals 
(within 15s, 2, 4, 6, 8 min). These studies provided similar results as ours 
- using accommodation resistance is superior to solely free weight 
resistance with a short rest interval. An interesting fact is that despite 
introducing various post-CA rest intervals a combination of free weight 
and accommodating resistance was found to be effective up to 
120s–30s24 or 120s.26 The training intensities of the CAs used in these 
studies were similar - 3 repetitions with 80 % of 1RM in our study, 3 
repetitions with 85 % in the other study24 and 5 repetitions with 85 % of 
1RM in the third study.26 The differentiating factor between the studies 
was the volume of the CA, as our study and the study by Mina et al.24 

used a single set whereas Popp Marin et al.26 used 3 sets of CA before 
implementing post-CA counter-movement jump. Even though the vol-
ume of the CA was high,26 it still allowed the athletes to express the 
performance enhancement effect in the subsequent counter-movement 
jump just after 120s in accommodating resistance condition, and the 
performance increase was spectacular - 5.8 % increase in CMJ height 
and 1.53 ES. 

So far, data regarding the influence of a trap bar deadlift with free 
weight resistance on subsequent explosive performance is limited - only 
3 studies have examined it.34–36 The conclusions of these studies are 
inconsistent - two of them indicated a beneficial effect of the CA on a 
subsequent 40 m sprint,35 or CMJ36, whereas the study by Leyva et al.34 

did not support it. All these studies, similarly to our study, used the same 

volume of the CA as 3 repetitions of a trap bar deadlift were performed. 
However, a higher training intensity was introduced during these in-
terventions - our study used 80 % of 1RM and others used 85 %,34 90 %35 

or 93 % of 1RM.36 In our study a rest interval of 90s was introduced 
before post-CA measurements and other authors used different rest in-
tervals – 735 or 8 min34 and Scott et al.36 used a wide range of rest in-
tervals - 2, 4, 6, 8, 10, 12, 14, 16 min. Despite implementing various rest 
intervals, the performance of an explosive exercise increased exclusively 
after 2, 636 or 7 min.35 The appropriate rest interval was indicated to be 
the most important factor to be determined while projecting a PAPE 
protocol19 and the original recommendations suggest using prolonged 
rest intervals such as 5–7,17 6–1018 or 3–7 min considering vertical jump 
performance.19 However, in this study we decided to use the rest in-
terval of 90s for both types of CAs because in one of the studies36 120s 
was sufficient to induce PAPE despite very high training intensity of the 
CA (1 set of 3 repetitions at 93 % of 1RM). Thus, we used the rest interval 
of 90s as the volume of the CA was the same and the intensity introduced 
was lower - 80 % of 1RM in our study versus 93 % of 1RM in the study by 
Scott et al.36 These two protocols had visible similarities but our 
approach was inappropriate as no improvement in post-CA SJ was 
observed. Therefore, more research is needed to optimise PAPE response 
in a trap bar deadlift using solely free weight resistance. 

Our study confirmed that the addition of accommodating resistance 
is efficient when the short rest interval is introduced between the CA and 
a subsequent explosive exercise. Strength and conditioning coaches, 
especially in team sports, frequently have limited time for sessions and 
proper time management is particularly important. Therefore, when the 
PAPE protocols are implemented to develop muscle power the addition 
of accommodating resistance seems to be rational, as it may allow 
avoidance of prolonged rest intervals that could negatively influence 
both training motivation and duration of the training session. Despite 
the time management benefit we can also expect performance 
enhancement regarding a whole training block.39 Apart from the PAPE 
protocols the addition of accommodating resistance was also found to be 
more effective than solely free weight resistance training to develop 
lower body power40 or maximal strength.41 Additionally, several sys-
tematic reviews and meta-analyses42–44 proved that the accommodating 
resistance may be superior or equally effective in improving maximal 
muscle strength and power. Wallace and Bergstrom45 also highlighted 
other benefits of the accommodating resistance such as matching 
strength curves of multi-joint resistance exercises, greater eccentric 
loading or reducing the large deceleration of the concentric phase of the 
lift. Another benefit of accommodating resistance is to force an 

Table 2 
Individual analysis of jump height changes through various conditions.  

N◦ FW + AR Pre to post 
change in cm 

Change in 
% 

CNTR Pre to post 
change in cm 

Change in 
% 

FW Pre to post 
change in cm 

Change in 
% 

pre JH 
(cm) 

post JH 
(cm) 

pre JH 
(cm) 

post JH 
(cm) 

pre JH 
(cm) 

post JH 
(cm) 

1 35.2 37.1 1.9 5.4 % 32.9 31.1 − 1.8 − 5.5 % 34.3 35.7 1.4 4.1 % 
2 30.2 30.4 0.2 0.7 % 28.6 29.6 1 3.5 % 29.7 30.9 1.2 4.0 % 
3 33.7 38.2 4.5 13.4 % 36.5 37.6 1.1 3.0 % 37.6 38.4 0.8 2.1 % 
4 37.6 38.9 1.3 3.5 % 37.9 38.6 0.7 1.8 % 38.3 36.5 − 1.8 − 4.7 % 
5 38.3 39.6 1.3 3.4 % 41.4 37.2 − 4.2 − 10.1 % 38.2 37.4 − 0.8 − 2.1 % 
6 36.8 39.1 2.3 6.3 % 36.7 40 3.3 9.0 % 41 41.8 0.8 2.0 % 
7 44 44.7 0.7 1.6 % 44.1 45.6 1.5 3.4 % 43.8 45.8 2 4.6 % 
8 44.6 43.7 − 0.9 − 2.0 % 42.4 44.3 1.9 4.5 % 43.4 42 − 1.4 − 3.2 % 
9 35.9 34 − 1.9 − 5.3 % 36.7 35 − 1.7 − 4.6 % 35.2 33.8 − 1.4 − 4.0 % 
10 31.5 33.6 2.1 6.7 % 31.4 32.4 1 3.2 % 34.3 33.1 − 1.2 − 3.5 % 
11 37.4 42.4 5 13.4 % 37.8 40.2 2.4 6.3 % 40.4 43.5 3.1 7.7 % 
12 39.5 41.9 2.4 6.1 % 41.8 40.5 − 1.3 − 3.1 % 41 41.7 0.7 1.7 % 
13 34.6 39.1 4.5 13.0 % 34.3 31.1 − 3.2 − 9.3 % 31.5 29.8 − 1.7 − 5.4 % 
14 29.2 29.1 − 0.1 − 0.3 % 28.2 28.6 0.4 1.4 % 26.8 26.5 − 0.3 − 1.1 % 
15 40.1 40 − 0.1 − 0.2 % 40 36.8 − 3.2 − 8.0 % 38 40.8 2.8 7.4 % 
x 36.6 38.1 1.5 4.4 % 36.7 36.6 − 0.1 − 0.3 % 36.9 37.2 0.3 0.6 % 
sd 4.3 4.4 1.9 5.5 % 4.7 5.0 2.2 5.8 % 4.8 5.4 1.6 4.2 % 

JH - jump height; FW + AR - a condition with free weight and accommodating resistance; CNTR - a control condition; FW - a condition with solely free weight. 
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individual to a higher force production as total resistance of the lift in-
creases in concentric phase with the lengthening of an elastic band.46 

This can apply not only to typical exercises used in resistance training 
but also to sport-specific actions where elastic resistance is implemented 
in addition to body-weight dynamic movements e.g. punch,30 round-
house kick47 or arm-pull thrust in swimming.48 Thus, the practitioners 
should seriously consider adding accommodating resistance to free 
weight resistance while projecting the training protocols to improve 
muscle power. 

Even though the FW protocol was ineffective, the researchers should 
consider designing various protocols with a trap bar deadlift and free 
weight resistance as some authors found that they can also potentiate 
subsequent explosive performance.35,36 Because the PAPE response is 
highly individual, manipulating variables of the CA such as volume, 
intensity and rest interval seem to be crucial for optimal PAPE effect. It 
may be possible that within the same training intensity the addition of 
accommodating resistance may generate lesser fatigue.26 Therefore, in 
future research the authors could focus on prescribing different volumes 
and intensities of CAs or solely manipulating the rest interval. So far, the 
rest intervals of 2, 6 or 7 min were found to be effective for a trap bar 
deadlift with free weight35,36 so there is a broad area to seek other 
waysto implement this type of CA successfully. Lengthening the rest 
interval after introducing a CA with solely free weight resistance could 
be the first suggestion to be introduced. Various types of resistance, 
volume and intensity within a CA could potentially lead to the 
enhancement effect after a proper implementation of an adequate rest 
interval. This allows more efficient control of the fatigue generated by a 
CA to not inhibit the enhancement effect of a given CA. Thus, both re-
searchers and practitioners should place special interest in implement-
ing proper rest intervals based on a CA introduced to a given individual. 

As the PAPE response is highly individual and dependent on many 
factors6 we decided to introduce an additional individual analysis of the 
results of this study. We found different numbers of participants acutely 
enhancing their post-CA SJ performance in different conditions (73 % in 
FW + AR, 60 % in CNTR, 53 % in FW). Also, the highest percentage of 
performance varies between the conditions - in FW + AR the highest 
reported increase was 13.4 %, in CNTR 9 % and in FW 7.4 %. An 
interesting observation is that nearly all of the participants (7 out of 8) 
who improved their performance in FW condition also improved their 
performance in FW + AR condition. One could speculate that if an in-
dividual can improve their performance with a given rest interval and 
volume and intensity of a CA they should also expect an improvement 
when accommodating resistance is introduced within the same param-
eters of a CA. Additionally, it was observed that 60 % of the participants 
(9 out of 15) responded positively to various conditions - 33 % of the 
participants (5 out of 15) responded positively to all three conditions 
and 27 % (4 out of 15) to two conditions. Therefore, it could be possible 
that having a performance increase with one type of CA could increase 
the likelihood of having the same effect in another CA. 

Our study provided a practical recommendation in implementing the 
addition of accommodating resistance to free weight resistance in order 
to enhance explosive performance after a relatively short rest interval of 
90s. However, strength and conditioning coaches should apply the re-
sults of this study with caution as the participants were not professional 
athletes and had different sport backgrounds. Before implementing 
successful protocol of this study to the training routine of the athletes, 
they should check if the athletes respond to these kind of stimuli in a 
similar way. Also, to appropriately implement PAPE protocols, a coach 
should be aware that they fulfill various objectives49 e.g. warming up 
before a swimming competition or complex training during a strength 
and conditioning session. Thus, one must decide what kind of CA is 
optimal for a given individual to achieve the enhancement effect. Every 
effort should be made to have a better understanding of a given situation 
and use the PAPE phenomenon appropriately. 

5. Limitations of the study 

The study protocol did not involve professional athletes that are 
usually a target group to implement the PAPE protocols. Additionally, 
only two types of CAs with the same volume, intensity and rest interval 
were compared throughout the study. A further investigation could 
compare various loading strategies with a special interest in multiple 
free weight resistance protocols and relatively short rest intervals. Even 
slightly lengthening the rest interval could be the first suggestion for 
future research. Also, in order to achieve a desired band tension of the 
accommodating resistance, the investigators should introduce force 
plates measurements to calculate vertical ground reaction force. 

6. Conclusions 

A single set of 3 repetitions of a trap bar deadlift with 80 % of 1RM 
with the addition of accommodating resistance was found to be superior 
in enhancing SJ performance to free weight resistance after a 90s rest 
interval. In order to acutely improve explosive performance using solely 
free weight resistance, different loading strategies or lengthening the 
rest interval could be introduced. 
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15. Gołaś A, Maszczyk A, Zajac A, et al. Optimizing post activation potentiation for 
explosive activities in competitive sports. J Hum Kinet. 2016;52(1):95–106. https:// 
doi.org/10.1515/hukin-2015-0197. 

16. Seitz LB, de Villarreal ES, Haff GG. The temporal profile of postactivation 
potentiation is related to strength level. J Strength Condit Res. 2014;28(3):706–715. 
https://doi.org/10.1519/jsc.0b013e3182a73ea3. 

17. Seitz LB, Haff GG. Factors modulating post-activation potentiation of jump, sprint, 
throw, and upper-body ballistic performances: a systematic review with meta- 
analysis. Sports Med. 2015;46(2):231–240. https://doi.org/10.1007/s40279-015- 
0415-7. 

18. Wilson JM, Duncan NM, Marin PJ, et al. Meta-analysis of postactivation potentiation 
and power. J Strength Condit Res. 2013;27(3):854–859. https://doi.org/10.1519/ 
jsc.0b013e31825c2bdb. 

19. Dobbs WC, Tolusso DV, Fedewa MV, et al. Effect of postactivation potentiation on 
explosive vertical jump: a systematic review and meta-analysis. J Strength Condit Res. 
2019;33(7):2009–2018. https://doi.org/10.1519/jsc.0000000000002750. 

20. Baker D. Increases in jump squat peak external power output when combined with 
accommodating resistance box squats during contrasting resistance complex 
training with short rest periods. J Aust Strength Cond. 2008;6:10–18. 

21. Baker D. Increases in bench throw power output when combined with heavier bench 
press plus accommodating chains resistance during complex training. J Aust Strength 
Cond. 2009;16:10–18. 

22. Wyland TP, Van Dorin JD, Reyes GFC. Postactivation potentation effects from 
accommodating resistance combined with heavy back squats on short sprint 
performance. J Strength Condit Res. 2015;29(11):3115–3123. https://doi.org/ 
10.1519/jsc.0000000000000991. 

23. Strokosch A, Louit L, Seitz L, et al. Impact of accommodating resistance in 
potentiating horizontal-jump performance in professional rugby league players. Int J 
Sports Physiol. 2018;13(9):1223–1229. https://doi.org/10.1123/ijspp.2017-0697. 

24. Mina MA, Blazevich AJ, Tsatalas T, et al. Variable, but not free-weight, resistance 
back squat exercise potentiates jump performance following a comprehensive task- 
specific warm-up. Scand J Med Sci Sports. 2019;29(3):380–392. https://doi.org/ 
10.1111/sms.13341. 
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