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Abstract

Background: Implementing the post-activation potentiation phenomenon before a competition in the warm-up section may be
better than performing the usual warm-up.
Objectives: Therefore, the purpose of this study was to determine the effects of type and intensity of muscle contraction with dif-
ferent recovery periods on anaerobic power and peak torque in young trained girls.
Methods: Twelve female subjects (age: 22 ± 2.95 years; height: 165.42 ± 5.35 cm; weight: 57.33 ± 9.15 kg) who had at least two years
of continuous training experience were randomly selected. The subjects performed the contraction protocols (isometric (3×70/7s),
concentric (3 × 90/4), and eccentric (3 × 110/5)) or control conditions in eight sessions with at least 48 hours intervals between the
sessions. In this study, the countermovement jump test and Biodex isokinetic device (60°.S-1) model (ISO-1) were used for measuring
anaerobic power and maximum peak torque, respectively. Two-way repeated-measures ANOVA and one-way independent ANOVA
were used for analyzing the data (P < 0.05).
Results: The between-group comparisons showed that the highest anaerobic power and peak torque values in immediate and three-
minute recovery periods were seen in the concentric protocol, and the highest values in seven-minute recovery periods were seen
in the eccentric protocol (P < 0.05). These variables were also significant in concentric and eccentric contractions in within-group
comparisons (P < 0.05).
Conclusions: Eccentric contraction, similar to other contractions, can produce PAP. It seems that eccentric contractions due to a
higher intensity of contractions can maintain more consistency of PAP than do other contractions.
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1. Background

Warm-up, as a key element of a training session or com-
petition, is regularly used by athletes to avoid injuries and
achieve high performance. The warm-up consists of a gen-
eral section and a specific section (1).

The existence of proprietary movements relevant to
the type of the main activity in the content of the warm-
up program will prepare the body to perform basic move-
ments well, having the greatest impact on improving one’s
performance. It well prepares the body to perform ba-
sic movements, and it alone can have the greatest impact
on improving one’s performance (2). Implementing the
phenomenon of Post-Activation Potentiation (PAP) in the
warm-up section may be better than the usual warm-up
methods and could improve the performance of explosive
sports activities (3). PAP is caused by a voluntary contrac-

tion that is usually executed at or near-maximum intensity,
which is defined as the increase in force/torque after an op-
timum contraction (3).

Several factors have been proposed that may be respon-
sible for the discrepancy between PAP values, including op-
timum contraction volume and intensity, post-contraction
recovery period, type of contraction, type of activity after
contraction, and subject characteristics (4). On the other
hand, the findings regarding the type and severity of vol-
untary contractions during the specific warm-up period
are less consistent with those of eccentric contractions (5).
Koch et al. (2003) found no difference in long jump dis-
tance after a specific warm-up involving the execution of
a back squat motion equal to 40 or 80% of 1RM (5). Also,
Rixson et al. (2007) reported that vertical jump decreased
after executing back squat sets by 90% of 1RM in women
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(6). In addition, Rixson et al. (2007) compared the ef-
fect of static and dynamic voluntary contraction and sug-
gested that isometric contraction has more effects on sub-
sequent explosive performance than isotonic contraction
(6). In another study, Bogdanis et al. (2014) compared ver-
tical jump performance after both isometric and eccen-
tric contractions and concluded that eccentric contraction
was more effective in enhancing subsequent explosive per-
formance (4). Tsolakis et al. (2011) also compared the effect
of both isometric and plyometric contractions on subse-
quent explosive performance and reported that plyomet-
ric contraction had no effect on explosive performance and
that isometric contraction resulted in a decrease in peak
power (7).

The interval between stimulation and evaluation
should be appropriate for the recovery of fatigue-induced
waste products and measuring muscle strength because
the PAP state disappears about 15 minutes after stimu-
lation. Comyns et al. (2006) reported that it takes four
minutes to obtain the PAP effect (8). Immediately after the
contraction, Gilbert et al. (2001) reported a decrease in
the amount of isometric force development, but after re-
covery (4.5 to 12.5 minutes), the rate of force development
increased significantly (9). French et al. (2003) did not use
the recovery period but observed a significant increase in
performance immediately after three sets of three-second
isometric contraction (10). Mangos et al. (2006) observed
no change in vertical jump performance 3 min after squat
back with 90% 1RM load (11). Immediately after three
sets of 10 seconds of isometric contraction, Bahm et al.
(2004) did not observe any change in peak force, but after
a 10 to 15-min recovery period, peak force decreased (12).
Among available studies, only the study by Bogdanis et
al. (2014) used eccentric contraction at 70% 1RM intensity
and in various recovery periods. Contradictory findings
have been obtained that indicate the appropriate interval
between stimulation and evaluation depends strongly on
the type of stimulation. Therefore, zero, three, and seven
minutes of recovery periods were used in this study (4).

2. Objectives

According to limited research on the effect of eccentric
contraction at intensities above 100% 1RMax, as well as var-
ious recovery courses afterward, we investigated the pos-
sible mechanisms of this method and compared it with
other training methods to determine whether this train-
ing method can be used as a substitute for other commonly
used methods and determine the mechanisms underlying
this effect. Therefore, the purpose of this study was to de-
termine the effects of type and intensity of muscle contrac-

tion with different recovery periods on anaerobic power
and peak torque in young trained girls.

3. Methods

The population of the study was 20 active girls. The in-
clusion criteria included having at least two years of con-
tinuous exercise activity and at least three to four training
sessions per week, as well as attending all the training ses-
sions (11). The subjects who did not meet these conditions
or did not participate in the practice or measurement of
variables during the research process or those who were
injured were excluded from the research. Thus, according
to the research conditions, 12 subjects were selected ran-
domly as the sample (Table 1). Subjects gave their written
and oral consent. Subjects were also monitored for injuries
that affected their performance (11). All the experimental
procedures performed in this study were approved by the
Ethics Committee of Razi University.

Table 1. Descriptive Characteristics of the Subjects

Variables Mean ±SD

Age (years) 22 ± 2.95

Height (cm) 165.42 ± 5.35

Weight (kg) 57.33 ± 9.15

Body Mass Index (kg/m2) 21.7 ± 1.23

Body fat (%) 14.75 ± 2.48

3.1. Training Protocol

To reduce the learning effects, all subjects in this study
performed six times of maximal torque test and Sargent
vertical jump test. Each session was performed separately
with a recovery time of 48 hours. On the first day, only
the maximum torque test (the first and second times)
was performed. In the following days (with 48 hours in-
tervals), the first pretest of maximum torque test (the
third time) was performed, followed by the correspond-
ing contraction protocol, including either isometric con-
traction (3×70/7s), concentric contraction (3×90/4), or ec-
centric contraction (3×110/5), or control conditions. Im-
mediately after, a maximum torque test (the fourth time)
was performed, which was repeated after recovery periods
of three minutes (the fifth time) and seven minutes (the
sixth time). This process was run for all the research vari-
ables (anaerobic power and maximum torque) with equal
intervals, respectively. To perform control conditions, sub-
jects only performed the pretest and posttest on different
days and did not perform contraction protocols. All sub-
jects also randomly performed all the contraction proto-
cols between the third and fourth sessions. Besides, all
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of them performed a standard warm-up protocol before
performing the third session. This protocol involved the
warm-up in all groups, including five minutes of running
with a heart rate of 120 to 140 beats per minute, approx-
imately equivalent to 30-40% of maximum oxygen con-
sumption. Then, a third measurement was performed im-
mediately, which included a Sargent vertical jump test to
measure anaerobic power and a knee-extension test with
the isokinetic gymnex dynamometer to measure maxi-
mum torque. Immediately after the pretest (the third
time), the subjects performed the contraction protocols
and then performed the posttest (the fourth, fifth, and
sixth times) (1, 11-16).

3.2. Statistical Analysis

Descriptive statistics, such as mean and standard devi-
ation, were used to analyze the data. Two-way ANOVA with
repeated measures was used to determine within-group
and between-group differences. The Tukey post hoc test
was applied when the differences were significant. The
confidence interval of α< 0.05 was considered at all stages
of the test.

4. Results

The results of data analysis showed that there was a sig-
nificant change in anaerobic power in all the groups af-
ter the contraction protocols were performed compared
to the pretest; the anaerobic power increased in most con-
tractions (P < 0.05) (Figure 1). In the isometric contrac-
tion protocol, this difference was not significant immedi-
ately after the application of the protocol (P > 0.05) (Ta-
ble 2). The results of between-group comparisons showed
that the concentric contraction group (at three minutes
of recovery) and the isometric and eccentric contraction
groups (at seven minutes of recovery) after performing the
contraction protocols were significantly different from the
control group (P < 0.05) (Figure 1). On the other hand,
the results of the analysis of data on maximum torque per-
formance showed that there was a significant change in
within-group comparisons compared to the pretest in all
contraction groups, except for the isometric contraction
group, at seven minutes of recovery posttest (P < 0.05)
(Figure 2). The results of between-group comparisons also
showed that immediately and at three minutes of recov-
ery, there were significant differences between all the con-
traction groups with the control group (P < 0.05) (Figure
2). Also, the results of between-group comparisons showed
that at the recovery time of seven minutes, except for the
isometric contraction group, all other contraction groups
were significantly different from the control group (P <
0.05) (Figure 2). The results are summarized in Table 2.

5. Discussion

The most important findings of the study were that
the best results in vertical jump performance in the im-
mediate, three-minute post test were related to the con-
centric contraction protocol, but the best result in the
vertical jump at seven-minute posttest was seen in the
eccentric contraction protocol. Also, the results of the
analysis of variance with repeated measures on anaerobic
power performance using the vertical jump test showed
that the differences between the time effect and the time
and group effect (group × time) were significant (P <
0.05) (Figure 1). The results of comparing the time effects
showed that isometric, concentric, and eccentric contrac-
tions significantly altered anaerobic power performance
at the posttest, except for the immediate posttest in iso-
metric contraction (Table 2). The results also showed that
the highest changes in the vertical jump test were observed
at concentric contractions and at recovery times of imme-
diate and three-minute posttest (Table 2). The results of the
seven-minute posttest also showed that the highest level of
changes was observed at eccentric contraction (Figure 1).

The results of this study indicated that isometric, con-
centric, and eccentric contractions with short-term recov-
ery periods improved athletic anaerobic power perfor-
mance. The results are consistent with the results by Gour-
golis et al. (2003) and Bogdanis et al. (2014) (4, 17). How-
ever, most previous studies suggest that in adult male
trained subjects, maximal squat performance would pro-
duce the greatest improvement in vertical jump perfor-
mance, which can be concluded that any contraction that
stimulates muscle fibers can further improve subsequent
function and ultimately benefit more from the PAP phe-
nomenon. It should be noted, however, that there was no
significant difference between the present study and those
mentioned studies at the time of recovery following the
contraction protocol and the severity of contractions. Also,
the results of this study are inconsistent with the results
by Tsolakis et al. (2011), Bogdanis et al. (2014) (the result
of concentric contraction), and Petisco et al. (2019) (the re-
sult of the recovery period of seven-minute posttest) (4, 7,
18). The reasons for the inconsistency of the present study
with the mentioned studies may be the differences in sub-
jects’ characteristics (gender, mature or elite, etc.), the type
and intensity of the contraction applied, or the duration of
recovery time.

On the other hand, the results of the analysis of vari-
ance with repeated measures on maximum torque perfor-
mance by the knee extension test showed a significant dif-
ference in the time effect and the interaction of time and
group effect (group × time) (P < 0.05). The result of the
one-way analysis of variance showed a significant differ-
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Figure 1. Anaerobic power changes in experimental and control groups, *Significant difference with pretest of each group (P < 0.05), †Significant difference with the control
group (P < 0.05).

Table 2. Results of Research Variables after Applying Different Contraction Protocols

Contractions Anaerobic Power (Watts) Maximum Torque (Nm)

Pretest Immediately 3-min 7-min Pretest Immediately 3-min 7-min

Isometric 730 ± 146 721 ± 132 752 ± 144a , b 762 ± 148a , b , c 87.5 ± 9.1 89 ± 11.8a , b , d 88.4 ± 8.1a , b , d 86.5 ± 8

Concentric 736 ± 160 761 ± 160a , b 776 ± 160a , b , c 756 ± 156a , b 88 ± 4.6 96.7 ± 4.9a , b , d 100.4 ± 5.6a , b , d 98 ± 5.2a , b , d

Eccentric 735 ± 151 753 ± 139a , b 761 ± 131a , b 768 ± 135a , b , c 88 ± 8.6 95 ± 5abd 96 ± 4.5a , b , d 99 ± 4.4a , b , d

Control 733 ± 162 730 ± 153- 728 ± 150- 738 ± 143- 89 ± 6.5 88 ± 5.9- 87 ± 8.7- 89 ± 9.1-

aSignificant difference with pretest.
bIncrease.
cSignificant difference with the control group due to interaction.
dSignificant difference with the control group.

ence between all contraction protocols and control condi-
tions in all recovery periods (P < 0.05) (Table 2). The re-
sult of the Bonferroni post hoc test showed no significant
difference between isometric contraction in the seven-
minute posttest with the control conditions (P > 0.05) (Fig-
ure 2). The results also showed that at recovery times of im-
mediate and three-minute posttest, most changes were ob-
served in concentric contractions, but at the seven-minute

posttest, most changes were observed in eccentric contrac-
tion (Table 2).

The results of this study indicate that isometric, con-
centric, and eccentric contractions with short-term recov-
ery periods improved maximal torque performance. The
results of this study are in line with the results by Buadry
and Duchateau (2007) and Lima et al. (2014) regarding
the effect of isometric and concentric contractions (14, 19).
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Figure 2. Maximum torque changes in experimental and control groups, *Significant difference with pretest of each group (P < 0.05), #Significant difference with the control
group (P < 0.05).

However, no research was found to contradict our findings.
Among the reasons that can be suggested for increasing
both anaerobic power performance and maximum torque
performance during immediate and three-minute recov-
ery periods in isometric, concentric, and eccentric con-
tractions are the advantages of the PAP warming method,
which involves the use of a motor unit, phosphorylation
of the regulatory light chain, and the change in the angle
of force (10, 14, 20, 21). Warming-up with the PAP method
can increase the force output while the amount of mo-
tor unit with sub-maximal contractions is continuously
decreasing; therefore, the PAP method acts by reducing
the threshold required to reactivate motor units (e.g., de-
creased transmitter error and/or increased phase after hy-
perpolarizing motor neurons) (22). In addition, the re-
sults obtained from eccentric contraction data can be at-
tributed to the high intensity of the selected contraction
because the best functional response can be observed dur-
ing longer recovery (seven minutes) (22).

Overall, in the light of the findings of this study, it
seems that isometric, concentric, and eccentric contrac-

tions with short intervals are helpful for pre-explosive re-
covery. Considering the specificity of the subsequent activ-
ity, it can be more efficient than warming alone. The eccen-
tric contraction, due to the use of higher intensity, makes
this phenomenon more effective in recovery periods, espe-
cially after three minutes. Therefore, it is proposed to use
eccentric contractions with an intensity of more than 100%
in the warm-up period to benefit more from the PAP phe-
nomenon.
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