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ABStrACt
Purpose. the objective of the study was to analyse the effects of post-activation potentiation induced by single- and multi-
joint maximal voluntary isometric contractions (MVIC) on squat jump performance.
Methods. Overall, 13 resistance-training males volunteered to participate in the study. Isometric knee extension exercise 
was chosen to represent single-joint MVIC (MVIC_SJ) and isometric squat to represent multi-joint MVIC (MVIC_MJ). Four 
experimental protocols were implemented in a randomized order on different days as follows: P1: squat jump performed 
before and 3 minutes after MVIC_MJ; P2: squat jump performed before and 7 minutes after MVIC_MJ; P3: squat jump 
performed before and 3 minutes after MVIC_SJ; P4: squat jump performed before and 7 minutes after MVIC_SJ. Jump 
height, mean power output, peak power output, net impulse, and electromyographic activity of lower limbs were analysed 
in squat jump before and after the interventions.
Results. ANOVA showed that peak power output increased in P1 (p = 0.04). No difference was found for electromyographic 
activity in any of the protocols.
Conclusions. We concluded that MVIC_MJ performed 3 minutes before the main task (P1) was more effective than 
MVIC_SJ in optimizing squat jump performance and that the changes in performance were unrelated to muscle activation.
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Introduction

the capacity to maximize muscular power is an 
important outcome in a number of athletic events, such 
as running and jumping [1]. In the recent decades, 
several studies have demonstrated that muscle post-
activation potentiation (PAP) is a phenomenon that can 
acutely increase muscular power and, consequently, 
performance [2–4]. PAP is defined as an optimized 
muscle state that can enhance force production on 
subsequent contractions [5], and the activity respon-
sible for inducing PAP is referred to as conditioning 
contraction (CC) [4]. Utilizing CC is possible to manip-
ulate contractile history and take advantage of both 

myogenic and neurogenic mechanisms associated with 
PAP [6]; this may benefit subsequent explosive per-
formance [7].

CC can induce fatigue, which negatively impacts on 
performance, but can also induce PAP [8, 9]. the ef-
ficacy with which CC can stimulate PAP mechanisms 
and enhance muscular performance depends on the 
balance between fatigue and potentiation [1]. this bal-
ance is strongly influenced by the rest interval be-
tween the conditioning and main exercise [10]. the 
optimal rest time between these two elements remains 
unclear in the literature, but it seems to be dependent 
on the level of strength in individuals [11]. According 
to a meta-analysis [1], short (3–7 minutes) and moderate 
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(7–10 minutes) rest period lengths are adequate to 
optimally augment power output after CC in individ-
uals with resistance training experience. For exam-
ple, using a 5-repetition-maximum back squat as CC 
resulted in a significant improvement in standing long 
jump for up to 10 minutes in female collegiate vol-
leyball players [2]. In addition, a 3-second functional 
isometric squat performed at 150% of the 1-repeti-
tion-maximum resulted in a 5.1% increase in jump 
performance after 4 minutes and a 5.5% increase after 
5 minutes only in resistance-trained subjects [12], 
corroborating the meta-analysis.

the exercise selection is of primary significance for 
the efficacy with which CC can stimulate PAP [11]. 
regarding the type of muscle contraction, exercises 
involving the stretch-shortening cycle have been con-
sidered effective to stimulate PAP [11, 13]; however, 
isometric contractions appear to have greater efficiency 
(i.e., lower metabolic cost, less fatigue, and greater ex-
citability of the neural pool) compared with dynamic 
contractions [7, 14, 15]. the effect of isometric con-
traction as CC on vertical jump performance has al-
ready been verified in the literature [7, 14, 15] and it 
seems to be a good way to induce improvements in per-
formance. However, little attention has been given to 
the type of exercise used in these activities condition-
ing maximal voluntary isometric contractions (MVIC).

Considering the number of joints involved, the move-
ment can be classified as single- or multi-joint. Gener-
ally, multi-joint exercises are associated with a more 
complex activation than single-joint ones, with con-
trolled co-contractions of synergistic and antagonistic 
muscles [16]. Such characteristics may result in dis-
tinct activation patterns of the lower limb [17]; there-
fore, we speculate that single-joint MVIC (MVIC_SJ) 
and multi-joint MVIC (MVIC_MJ) may have a differ-
ent impact on the proposed mechanisms of PAP, like 
reflex potentiation [18] and phosphorylarion of myosin 
light chains [19]. In addition, it has been postulated that 
performing multi-joint exercises is advantageous ow-
ing to their closer relationship with functional move-
ments and sports events [16].

Several studies have found positive effects on ver-
tical jump performance when multi-joint exercises are 
used as conditioning activities [12, 14, 20–24]; how-
ever, to the best of our knowledge, only one study tested 
if single- or multi-joint isometric exercises translated 
into different results on voluntary performance [25]. 
In this study, the authors showed no enhancement of 
sprint performance 4 minutes after the conditioning 
activities composed of 3 repetitions of 3-second iso-
metric knee extension and 3 repetitions of 3-second 

isometric squat. In this context, it would be interesting 
to test if manipulating the exercise (single- vs. multi-
joint) during MVIC as a CC could lead to different 
results when the main performance is vertical jump.

thus, the purpose of this study was to analyse PAP 
effects induced by MVIC_SJ and MVIC_MJ exercises 
on squat jump performance. In addition, we aimed to 
test different recovery times (3 or 7 minutes) between 
CC and jump performance. the main hypothesis was 
that there would be a significant increase in vertical 
jump performance with MVIC_MJ because more 
muscles would be activated and myogenic and neural 
mechanisms would be optimized.

Material and methods

Participants

A total of 13 resistance-trained males volunteered 
to participate in this study (age: 24.0 ± 3.14 years; 
height: 1.77 ± 0.06 m; body mass: 80.72 ± 3.14 kg). 
the following inclusion criteria were adopted: no 
history of musculoskeletal injuries in the previous year; 
at least 2 years of experience in resistance training. 
the participants were asked to avoid caffeinated 
drinks for 24 hours before testing and not to perform 
training sessions involving the lower limbs for 48 
hours prior to the evaluations. All received a detailed 
explanation of the purpose and methods of the study.

Experimental design

In the present experimental study, we tested the 
influence of MVIC_SJ and MVIC_MJ (independent 
variables) on squat jump performance (jump height, 
power, impulse) and electromyographic (EMG) activity 
(dependent variables). For this, active individuals with 
resistance training experience implemented 4 experi-
mental protocols: P1: squat jump performed before 
and 3 minutes after MVIC_MJ; P2: squat jump per-
formed before and 7 minutes after MVIC_MJ; P3: squat 
jump performed before and 3 minutes after MVIC_SJ; 
P4: squat jump performed before and 7 minutes after 
MVIC_SJ. the time points were selected on the basis 
of a meta-analysis [1] showing that short (3–7 min-
utes) and moderate (7–10 minutes) rest period lengths 
were adequate to optimally augment power output 
after CC in individuals with resistance training ex-
perience.

the participants visited the laboratory on 4 days to 
perform the experiment. On the first day, familiarisa-
tion with the squat jump protocol and the conditioning 
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PAP exercises took place. the familiarisation con-
sisted of verbal explanations of the procedures and per-
forming submaximal exercises focusing on the learn-
ing of the squat jump, isometric back squat, and knee 
extensor chair exercise protocols (2 or 3 attempts per 
exercise were performed, aiming to avoid fatigue or 
potentiation). then, the order of protocols (P1 × P2 × 
P3 × P4) was randomly assigned with the use of the 
Latin square methodology. Each protocol was preceded 
by a warm-up, consisting of 5 minutes of low-inten-
sity cycling exercise (40 rPM; 50 W) and 3 sets of 10 
hops with a 30-second interval between the sets. the 
participants then performed one of the selected pro-
tocols, involving squat jumps in the precondition, fol-
lowed by the conditioning exercise and post-potenti-
ation squat jumps. An interval of 48 hours was 
determined to start a new protocol (Figure 1). We chose 
to test only one time point per day (3 or 7 minutes) so 
that the performance test (squat jump) would not in-
duce PAP in the subsequent time point, which could 
distort the results, leading to a misinterpretation.

Conditioning exercises to induce PAP

the exercises consisted of the execution of MVIC_
MJ and MVIC_SJ. For MVIC_MJ, an isometric back 
squat exercise was performed with a barbell over the 
subject’s shoulders attached to a chain on a wooden 
platform on the ground (Figure 2a). the subjects per-
formed the exercise in an isometric squat position, 
with the trunk as upright as possible, with the knees 

at a 90° angle, determined by a goniometer [26]. the 
MVIC_SJ exercise was performed in a knee extensor 
chair (Progress®Max, trG Fitness, Brazil), with the 
arm equipment locked in a position where the sub-
ject’s knees remained at an angle of approximately 70° 
(Figure 2b). this angle was chosen because the peak 
torque is maximum in this position [27, 28]. three 
maximal isometric contractions were performed for 
each exercise, with a 5-second duration and a 1-minute 
interval between the sets, as suggested by French et 
al. [7]. After the isometric exercise, the vertical jumps 
were performed 3 or 7 minutes later, depending on 
the protocol.

Vertical jump assessment

the squat jump was the vertical jump type used in 
the present study owing to the better control of knee 
starting angle, which is considered a determinant as-
pect of the jump performance [26]. the participants 
performed the squat jump starting from a static posi-
tion, with the knees at an angle of 90°, the trunk as 
vertical as possible, and the hands on the waist. the 
jump was performed without any countermovement, 
and there was only the positive phase of the agonist 
muscles involved in the movement. the knee angle of 
90° was determined by using a goniometer. Afterward, 
a rigid bar was positioned under the participant’s hips 
(posterior thigh) and attached to a vertical support 
graduated every 1 cm, allowing the adjustment of the 
bar height in accordance with the specific knee-flexion 

Figure 1. Overview of the experimental protocol

SJ – squat jump 
MVIC_MJ – multi-joint maximal voluntary isometric 
contraction 
MVIC_SJ – single-joint maximal voluntary isometric 
contraction
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angle [26]. during the jumps, the subjects squatted 
until they could feel the bar on their posterior thigh, 
and then remained static some seconds before per-
forming the positive phase as fast as possible.

the squat jumps were performed on a force plat-
form (Quattro Jump, 9290 Ad, Kistler, Winterthur, 
Switzerland) sampling at 500 Hz. Ground reaction 
force (GrF) values measured by the platform were 
acquired by using the Quattro Jump® software. the 
following variables were calculated: (a) jump height: 
obtained with the method of double force integration 
of GrF; (b) power output: calculated by multiplying GrF 
by velocity (obtained by integration of GrF), and the 
peak power output and mean power output were con-
sidered for analysis; (c) relative net vertical impulse: 
obtained from the multiplication of GrF over time.

Overall, 5 trials were performed in the pre-condi-
tion, prior to each protocol. the coefficient of variation 
was calculated and 2 attempts with greater variability 
were disregarded. the average of the remaining 3 trials 
was considered to be representative of the baseline con-
dition. In the post-condition, only 3 attempts were con-
ducted in order to minimize the effects of recovery.

EMG assessment

Surface EMG activity of the vastus lateralis, vastus 
medialis, rectus femoris, and biceps femoris muscles 
was evaluated during the execution of pre- and post-in-

tervention squat jumps. the data collection followed 
the recommendations of the International Society of 
Electrophysiology and Kinesiology [29]. Bipolar sur-
face electrodes were positioned parallel to the muscle 
fibres and fixed with double-sided adhesive tape. 
trichotomy and abrasion with 70% alcohol were per-
formed on the skin before placing the electrodes. the 
electrodes were not removed.

the EMG signal was collected by using an 8-chan-
nel wireless electromyograph (trigno Wireless EMG 
System, delsys, USA) at 2000 Hz. raw signals were 
filtered with a combination of 5th order band-pass But-
terworth filters between 20 and 500 Hz. the root 
mean square values of each muscle were calculated 
during the propulsive phase of the jump. the begin-
ning of the squat jump was considered the moment 
when GrF was equal to body weight plus 5%, indi-
cating the point at which the jumper began to accel-
erate up. Pre- and post-intervention root mean square 
values were compared, with electrodes remaining 
undisturbed throughout each protocol.

Statistical analysis

data are presented as mean ± standard deviation. 
the Shapiro-Wilk test was used to check data distribu-
tion. the reliability of vertical jump variables among 
the 4 pre-test conditions was evaluated by using the 
following tests: ANOVA for repeated measures, intra-

Figure 2. Conditioning exercises: a) isometric back squat; b) isometric knee extension
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class correlation coefficient, and standard error of 
measurement. ANOVA for repeated measures served 
to compare the vertical jump variables and EMG be-
tween the pre- and post-potentiation conditions for all 
protocols (P1, P2, P3, P4). Bonferroni’s test was applied 
for post-hoc analysis (pairwise comparison). Statisti-
cal significance of the results was set for p < 0.05 and 
the statistical power was calculated with the G*Power 
software. the effect size was calculated confronting 
pre- vs. post-experimental conditions and classified 
as small (  0.40), moderate (0.41–0.80), and large (> 
0.80) [30].

Ethical approval
the research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the declara-
tion of Helsinki, and has been approved by the Ethics 
Committee of the Federal University of Santa Catarina.

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Results

table 1 shows the inter-day reliability of the base-
line jump parameters measured before the 4 experi-
mental protocols. there was no significant difference 
among the measures of pre-protocols 1, 2, 3, and 4 

for any variable analysed. High intra-class correlation 
coefficient values were obtained, indicating consist-
ency among measurements; moreover, the standard 
error of measurement was less than 5% in all varia-
bles. Considering the high reliability found, the average 
of the 4 pre-tests was used to represent the pre-con-
dition.

table 2 presents the jump variables assessed be-
fore and after the implementation of the PAP protocols. 
ANOVA showed the effect for peak power output (F = 
2.7; p = 0.04; power = 0.84), and the post-hoc revealed 
higher peak power output values after PAP for P1 (p = 
0.01) compared with baseline.

table 3 shows the effect size and mean differences 
(absolute and percentage values) for the PAP protocols. 
In P1, there was a small effect for jump height, mean 
power output, and peak power output, and moderate 
effect for net vertical impulse. the percentage changes 
of the variables for P1 ranged from 2.7% to 4.4%. In re-
lation to the other protocols (P2, P3, and P4), only small 
effects were observed, with percentage changes below 
1%, except for net vertical impulse for P2 (1.5%) and 
P4 (1.88%).

Figure 3 depicts the EMG activity (root mean square 
values) of the vastus lateralis, vastus medialis, rectus 
femoris, and biceps femoris during the squat jump 
for the 4 experimental protocols. No significant dif-
ference was found in any of the protocols when compar-
ing pre- vs. post-PAP in any of the muscles analysed.

table 1. Inter-day reliability of baseline jump parameters before the PAP protocols

Parameter Pre_P1 Pre_P2 Pre_P3 Pre_P4 Mean ± SD F (p) ICC SEM (%)

JH (cm) 47.90 ± 5.88 47.17 ± 5.53 47.53 ± 5.23 47.02 ± 5.71 47.4 ± 5.26 0.42 (0.74) 0.99 3.5
MPO (W ∙ kg–1) 21.22 ± 2.85 21.35 ± 2.48 21.29 ± 2.65 21.29 ± 2.65 21.29 ± 2.65 0.34 (0.57) 0.99 5.0
PPO (W ∙ kg–1) 50.63 ± 5.94 50.85 ± 5.31 50.73 ± 6.75 50.74 ± 5.81 50.74 ± 5.81 0.04 (0.99) 0.96 4.5
NI (N ∙ m) 2.62 ± 0.22 2.59 ± 0.25 2.61 ± 0.24 2.57 ± 0.19 2.60 ± 0.20 0.43 (0.74) 0.90 5.1

PAP – post-activation potentiation, P1–P4 – PAP protocols, SD – standard deviation, ICC – intra-class correlation coefficient, 
SEM – standard error of measurement, JH – jump height, MPO – mean power output, PPO – peak power output,  
NI – net vertical impulse

table 2. Vertical jump variables before and after the PAP protocols

Parameter Pre Post_P1 Post_P2 Post_P3 Post_P4 F (p)

JH (cm) 47.4 ± 5.26 49.07 ± 5.26 47.36 ± 5.4 47.47 ± 6.9 47.7 ± 5.8 2.42 (0.07)
MPO (W ∙ kg–1) 21.29 ± 2.65 22.05 ± 2.9 21.42 ± 2.5 21.3 ± 2.8 21.3 ± 2.4 1.71 (0.17)
PPO (W ∙ kg–1) 50.74 ± 5.81 52.15 ± 6.3* 50.5 ± 5.3 50.8 ± 6.2 50.5 ± 5.0 2.7 (0.04)
NI (N ∙ m) 2.60 ± 0.20 2.72 ± 0.23 2.64 ± 0.27 2.58 ± 0.17 2.65 ± 0.3 1.83 (0.11)

PAP – post-activation potentiation, P1–P4 – PAP protocols, JH – jump height, MPO – mean power output,  
PPO – peak power output, NI – net vertical impulse
* difference from the pre-condition revealed by post-hoc analysis
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Discussion

the main goal of the present study was to analyse 
two MVIC interventions (3 repetitions of 5 seconds) 
performed in different configurations (single- and 
multi-joint) in the manifestation of positive effects 
associated with PAP on vertical jump performance. 
Inferential statistics showed significant effects of P1 
(i.e., applying multi-joint MVIC as CC 3 minutes be-
fore the squat jump) on peak power output (p = 0.04). 

therefore, the results of the present study suggest that 
multi-joint conditioning exercise is more effective than 
single-joint one to induce PAP in vertical jump through 
MVIC, thus corroborating the main hypothesis of the 
study.

One of the main reasons that may explain these 
findings is that multi-joint conditioning exercises have 
greater specificity with the vertical jump task. Consid-
ering that both CC (PAP inductor exercise) and the squat 
jump task (performance measure) are multi-joint, they 

table 3. Effect size and mean differences (absolute and %) for the PAP protocols compared with pre-condition

Parameter
Pre × P1 Pre × P2 Pre × P3 Pre × P4

ES (CI) ES (CI) ES (CI) ES (CI)

JH (cm)
0.31

(–0.47–1.08)
1.67

(3.4%)
0.01

(–0.76–0.78)
–0.04

(0.08%)
0.01

(–0.76–0.78)
0.07

(0.14%)
0.05

(–0.72–0.82)
0.3

(0.62%)

MPO (W ∙ kg–1)
0.27

(–0.51–1.04)
0.76

(3.4%)
0.05

(–0.72–0.82)
0.13

(0.6%)
0.04

(–0.77–0.77)
0.01

(0.04%)
0.04

(–0.77–0.77)
0.01

(0.04%)

PPO (W ∙ kg–1)
0.22

(–0.55–1.00)
1.41

(2.7%)
0.04

(–0.73–0.81)
–0.24

(0.47%)
0.01

(–0.76–0.78)
0.06

(0.11%)
0.04

(–0.73–0.81)
–0.24

(0.47%)

NI (N ∙ m)
0.56

(–0.24–1.32)
0.12

(4.4%)
0.17

(–0.61–0.93)
0.04

(1.5%)
0.11

(–0.66–0.87)
–0.02

(0.77%)
0.20

(–0.58–0.96)
0.05

(1.88%)

PAP – post-activation potentiation, P1–P4 – PAP protocols, ES – effect size, CI – confidence intervals, JH – jump height, 
MPO – mean power output, PPO – peak power output, NI – net vertical impulse

EMG – electromyography, RMS – root mean square, P1 – post-activation potentiation (PAP) using multi-joint conditioning exercise at 3 minutes,  
P2 – PAP using multi-joint conditioning exercise at 7 minutes, P3 – PAP using single-joint conditioning exercise at 3 minutes,  
P4 – PAP using single-joint conditioning exercise at 7 minutes, VL – vastus lateralis, VM – vastus medialis, RF – rectus femoris, BF – biceps femoris

Figure 3. EMG (rMS) activity of the investigated muscles during squat jump before and after the PAP protocols
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will have a similar muscle recruitment pattern and 
thus a greater transfer of potentiation may be expected 
[31]. Additionally, while the multi-joint exercise recruits 
quadriceps, hamstrings, and gastrocnemius muscles, 
the single-joint exercise focuses only on the quadri-
ceps muscle group; therefore, the effect of PAP tends 
to be higher when more muscles are involved, possibly 
owing to the greater number of phosphorylated fibres 
during multi-joint exercise. On the basis of the prin-
ciple of specificity, Fletcher [32] recommends that ex-
ercises used in the PAP conditioning strategy should 
mimic the main task as closely as possible. Many stud-
ies have already shown that training that applies more 
specific exercises in terms of motor pattern is more 
effective to improve performances [33–35].

In the present study, a methodological design was 
used to test the effect of the type of MVIC as CC on 
PAP-related improvements. In general, previous studies 
that used multi-joint interventions as CC found posi-
tive results in vertical jump performance [2, 12, 14, 
15, 21–23]. On the other hand, when applying single-
joint exercises in PAP induction, the responses do not 
seem well established [36]. Consequently, the litera-
ture provides evidence showing that multi-joint exer-
cises seem to be more appropriate in PAP induction. 
We highlight that this was the first study aiming to 
investigate jump performance after 2 different MVIC 
as CC, matched in volume, but manipulating the joints 
involved (multi-joint vs. single-joint) at different recov-
ery time points.

Most studies verified positive effects on vertical 
jump variables after using squat conditioning exercises. 
Bogdanis et al. [14] and rixon et al. [15], for example, 
found a significant increase in vertical jump height 
after subjects performed 3 sets of maximum isomet-
ric squatting as CC. A similar study was conducted 
by Seitz et al. [23], but the authors showed that the 
increase in jump performance (peak power and jump 
height) after PAP was dependent on the individual 
strength level. In addition, Esformes and Bampouras 
[21] stated that squat exercise induced increases in 
jump height, peak power, and impulse in the vertical 
jump, but the squat jump exercise was more effective 
to induce potentiation when performed from a deep-
er squat position. Comparing different types of jumps 
as CC (squat jumps and plyometric jumps), Esformes 
et al. [20] also evidenced that the squat exercise was 
the most effective to provide vertical jump perfor-
mance improvements. this is in agreement with our 
findings with regard to comparison between squat-
ting and knee extension as possible CC, indicating 

that the best way to induce improvements is with 
a multi-joint (squat) exercise.

Exercises involving the stretch-shortening cycle 
have been considered effective strategies to stimulate 
PAP [11]. However, isometric contractions with short 
duration (3–5 seconds) are associated with lower met-
abolic cost and less fatigue compared with dynamic 
contractions of the same duration, as well as induce 
greater excitability of the neural pool [7, 14, 15]. there-
fore, despite the lower specificity with most of the sports 
movements, conditioning exercises involving isometric 
contractions may be considered good strategies for 
PAP induction [22, 24, 32, 37]. the negative results 
obtained in previous research using isometric con-
tractions may be possibly explained by an inaccurate 
balance between PAP and fatigue over the recovery 
interval [25].

the optimal rest time between the CC and the main 
performance measure has been extensively studied, 
but it still remains unclear in the literature. the 
findings of the present study indicate that the time of 
3 minutes is more effective than 7 minutes. Some au-
thors suggest that this interval is subject-dependent 
[1, 14, 24]; however, a minimum interval of 3 minutes 
for highly trained athletes and 7 minutes for moder-
ately trained subjects has been suggested for PAP to 
compensate the fatigue effects [1]. As for the relation 
between experience time in strength training and the 
influence of this on PAP, overall, studies have shown 
that PAP has greater effects in individuals involved in 
strength training [1, 11, 12, 14, 15, 23, 38]. As a re-
sult, subjects with an advanced level of strength tend to 
demonstrate the effects of potentiation earlier (3–9 
minutes) than untrained subjects (6–9 minutes) [11, 14]. 
Comparing trained and untrained men, Berning et al. 
[12] found improvements in jump performance only 
in the trained subjects, demonstrating that the poten-
tial for using PAP protocols was greater for individuals 
with training experience.

Our results corroborate previous studies with re-
gard to PAP-fatigue relationship. French et al. [7] ob-
served that there was an increase of drop jump (5%) 
and isokinetic knee extension (6.1%) immediately after 
3 sets of 3-second MVIC; however, they also noted 
jump performance decrement immediately after 3 sets 
of 5-second MVIC, possibly owing to the greater fatigue 
generated in this CC, suppressing the effects of PAP. 
In the present study, using 3 sets of 5-second MVIC, 
we found improvements of peak power output at the 
3-minute recovery time point, which is in agreement 
with our initial expectations. Likewise, Lim and Kong 
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[25], applying 3 sets of 3-second MVIC, did not report 
improvements in the performance of short sprints after 
any protocol 4 minutes after the CC. It can be thus 
speculated that the CC used by the mentioned authors 
did not generate enough PAP, possibly because of 
a lower volume or too long recovery time, since our 
results showed improvement in performance after 
3 sets of 5-second MVIC at the 3-minute recovery time 
point. Collectively, these results demonstrate the influ-
ence of CC volume and optimal recovery time on the ex-
pression of positive results associated with PAP effects.

the results of the present study showed that there 
were no effects of potentiation on muscle activation 
in any of the muscles evaluated. It was hypothesised 
that there would be an increase in EMG activity dur-
ing the squat jump after the CC, since one of the pos-
sible mechanisms of muscle potentiation is an in-
crease in recruitment of motor units [39]. Some studies 
in the literature corroborate our findings. French et al. 
[7], for example, verified that the vastus medialis muscle 
activation did not change during knee extension be-
tween the pre- and post-intervention through MVIC. 
Esformes et al. [40], despite analysing different mus-
culature, also did not observe changes in the EMG 
activity of the pectoralis major and brachial triceps 
during the ballistic bench press throw after CC by 4 
different types of contractions: concentric, isometric, 
eccentric, and concentric-eccentric. On the other hand, 
some studies have shown divergent results. Fletcher 
[32] found an increase in the EMG activity of the biceps 
femoris, rectus femoris, and gastrocnemius during 
countermovement, squat, and drop jumps after a proto-
col consisting of warm-up exercises on cycle ergometer, 
dynamic stretching, and squat exercises (CC). Hence, 
the inconclusive results of EMG after CC indicate 
that the increase in jump performance is not always 
caused by an increase in recruitment of motor units 
[40]. It is suggested here that the potentiation may 
induce efficiency in the vertical jump task, i.e., increase 
the performance (jump height, power) without the 
need to raise the level of muscle activation, probably 
because of intramuscular changes associated with phos-
phorylation of myosin regulatory light chains and a 
more effective cross bridge cycling [19]. It has been 
proposed that this phosphorylation would lead to an 
increase in the rate of transition from a non-force-
generating state to a force-generating state of the cy-
cling cross bridges [41] and that would result in an 
optimized force and power production in the subse-
quent activity [22].

thus, on the basis of our results, coaches and ath-
letes are advised to use isometric multi-joint exercises 

for increasing vertical jumping performance, provid-
ing more specificity and greater transfer to the main 
task. For future investigations, it is recommended to 
evaluate the effect of specificity of PAP-inducing ex-
ercises on different types of power sports modalities, 
such as horizontal jumps, sprints, and throws.

Conclusions

In conclusion, the results of the present study in-
dicate that a multi-joint conditioning exercise, using 
maximal isometric squatting, is more effective than 
a single-joint isometric knee extension exercise to in-
duce improvement in squat jump performance (i.e., 
peak power output). No changes were observed in 
muscular activity, which indicates that the increase in 
squat jump performance observed for P1 was unre-
lated to neural activation. In addition, for resistance-
trained subjects, adopting a shorter time interval 
(3 minutes) between the CC and main activity (squat 
jump) seems to be more effective than a longer interval 
(7 minutes).
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