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Abstract:
The purpose of the present study was to examine the effect of different conditioning activities (CAs) 

on short-term increase in sprint performance. In twelve male sprinters (21.1±2.6 years, 100 m performance: 
11.5±0.6 s) their body composition, half squat maximum strength, 100 m sprinting and countermovement 
jump performances were evaluated. The performance of a 50 m sprint (splits at 10 m, 30 m and 50 m) was 
evaluated before and 5, 10 and 15 min after four postactivation performance enhancement CAs on different 
occasions: [1] 3 sets x 4 s maximum isometric half squat (IHF), [2] 3 sets x 3 consecutive countermovement 
jumps (cCMJs), [3] 3 repetitions x 30 m overspeed sprinting (OVSP) and [4] dynamic submaximal half squat 
(2 sets x 2 reps x 90% of 1-RM half squat; HSQ). Significant improvements of sprinting performance were 
found 10 and 15 min following the cCMJs, OVSP and HSQ’s interventions, in all distances (p<.05; -2.14±1.21% 
and -3.56±2.47%), without any significant difference between these interventions and time points (p>.05). 
Significant inter-individual differences were found in the magnitude of sprint performance improvements as 
well as in the optimal time window (p<.05), with the stronger sprinters responding better after HSQs, while 
the more powerful sprinters after cCMJs and OVSPs. In conclusion, it seems that cCMJs, OVSP and HSQ 
can acutely increase sprinting performance after 10 min, but CA’s induced increases in sprinting performance 
are highly related to the strength and power characteristics of each sprinter.

Key words: postactivation potentiation, postactivation performance enhancement, plyometric exercises, 
ballistic exercises, overspeed sprinting, isometric exercises

Introduction
Coaches and sports scientists are seeking ways 

to improve athletes’ sprint performance. Nowadays, 
it is a common practice among athletes to use high 

intensity specific exercises following a warm-up 
in order to induce a short-term increase in their 
performance, prior to a competition. This practice 
is based on the phenomenon called postactivation 
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performance enhancement (PAPE) (Blazevich & 
Babault, 2019; Boullosa, 2021). PAPE seems to 
enhance athletes’ performance by the upregula-
tion of many biological parameters, including the 
increase in muscle temperature, neural function, 
recruitment of type II motor units and changes of 
muscle architecture structure (Blazevich & Babault, 
2019; Tillin & Bishop, 2009). The practical idea 
behind PAPE is that strength/power production may 
increase as a result of a preceded maximal, or near 
maximal muscle contraction that is called condi-
tioning activity (CA). However, the improvement 
of performance may be limited or diminished by 
fatigue which is induced after the CAs (Seitz & Haff, 
2016; Tillin & Bishop, 2009; Tsoukos, Veligekas, 
& Bogdanis, 2013). Fatigue and PAPE coexist in 
human muscle and the interaction between them 
determines the subsequent athlete’s performance. 
In addition, this interaction depends on the char-
acteristics of CA (volume, intensity, type of muscle 
action), the recovery period between the CA and 
performance and finally of athletes’ characteris-
tics (Bogdanis, Tsoukos, Veligekas, Tsolakis, & 
Terzis, 2014; Kontou, Berberidou, Pilianidis, Mant-
zouranis, & Methenitis, 2018; Seitz & Haff, 2016; 
Tillin & Bishop, 2009; Tsoukos, Bogdanis, Terzis, & 
Veligekas, 2016; Tsoukos, Brown, Veligekas, Terzis, 
& Bogdanis, 2019; Tsoukos, et al., 2013). It seems 
that athletes’ muscle fiber distribution, neuromus-
cular function, lean body mass, maximum strength 
and/or power and training background are impor-
tant determinant factors affecting the magnitude of 
PAPE after various types of CAs as well as are the 
needed time intervals between CAs and PAPE, in 
each individual separately (Blazevich & Babault, 
2019; Tillin & Bishop, 2009; Tsoukos, et al., 2013). 
Indeed, the PAPE induced performance increases 
are highly determined by each athlete’s strength, 
with the stronger athletes responding better 
compared to the weaker (Blazevich & Babault, 
2019; Kontou, et al., 2018; Tillin & Bishop, 2009; 
Tsoukos, et al., 2013). Furthermore, a systematic 
review concluded that the PAPE effect is stronger 
after resistance exercises, like squats, especially 
when heavier lifts are applied, or after sprints, 
whereas it is weaker after lower or upper body 
ballistic and power demanding activities (Seitz & 
Haff, 2016); yet ballistic exercises induce PAPE 
sooner compared to heavy resistance exercises 
(Blazevich & Babault, 2019; Boullosa, 2021; Seitz 
& Haff, 2016). However, until now it is question-
able if strength- or power-oriented CAs may lead 
to differential increases in performance between 
athletes of different strength and power characteris-
tics. Therefore, it is crucial to identify the optimum 
methodological intervention, in an effort to achieve 
the highest increase in performance, especially in 
events like sprints, where the differences between 
top athletes’ performances are narrow. 

Regarding the effect of CAs on sprint running 
performance improvement, the results are highly 
controversial and until now they have not provided 
a clear conclusion whether sprinting performance 
is increased after CAs, or what CAs should be used 
for this scope. It has been reported that maximum 
voluntary isometric (MVI) knee extensions, MVI 
back squats, dynamic back squats, drop and coun-
termovement jumps did not enhance sprint perfor-
mance after 2-6 min of recovery (Lim & Kong, 
2013; Till & Cooke, 2009). In contrast, it has been 
reported that after dynamic protocols, including 
two sets of four repetitions at 60, 70 and 85% of 
1-RM, sprinting performance was significantly 
improved after four minutes of rest, with the higher 
intensity having induced the greatest improve-
ments (Rahimi, 2007). Furthermore, jumps with 
or without a weighted vest (10% of body mass) 
resulted in increased sprint performance after 4-8 
minutes of recovery, but it decreased after 12 and 16 
min (Turner, Bellhouse, Kilduff, & Russell, 2015). 
Recently, it has been reported that three sets of 
five continuous countermovement jumps (cCMJs) 
could also induce a significant increase in 30 m 
sprinting performance in well-trained sprinters 
after 2-4 minutes of rest (Zimmermann, Knihs, 
Diefenthaeler, MacIntosh, & Dal Pupo, 2021). 
Finally, according to the authors’ knowledge, only 
one study has investigated the effect of assisted 
sprinting (one set of 20 m assisted sprint running 
with 30% of body mass assistance), revealing a 
small but significant improvement only of 0-5 m 
sprint performance after 2 minutes of rest (Nealer, 
et al., 2017). Considering the mentioned results, 
it is still debatable if and how sprinting perfor-
mance may be acutely increased prior a compe-
tition. Furthermore, none of the existing studies 
have explored the responses to these CAs between 
athletes of different strength and power charac-
teristics. Finally, the mentioned CAs have never 
been compared between them until now, and thus 
coaches and athletes do not know which CA should 
be selected 

Probably, the reasons for these controversial 
results may rely on the methods that have been 
used until now. As it has been well documented, 
PAPE is highly affected by the type of CA, but 
also by the interaction of PAPE and CAs’ induced 
fatigue, which may affect the needed rest time for 
the optimal increase in atthletes’ performance 
(Blazevich & Babault, 2019; Bogdanis, et al., 2014; 
Boullosa, 2021; Kontou, et al., 2018; Seitz & Haff, 
2016; Tillin & Bishop, 2009; Tsoukos, et al., 2013). 
Furthermore, even if PAPE is generally considered 
to be effective for a limited time period (~20 min), 
the time intervals may vary between the different 
types of CAs, with plyometric exercises and sprints 
to induce earlier the increases in performance 
compared to high or moderate intensity resist-
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ance type CAs (Seitz & Haff, 2016; Till & Cooke, 
2009; Tillin & Bishop, 2009; Tsoukos, et al., 2013). 
However, the time frame needed to achieve peak 
increase in sprint performance after different types 
of CAs has not been addressed yet (until now these 
time intervals after the execution of CAs are limited 
to 6-10 min). Furthermore, the impact of individ-
uals’ characteristics on the PAPE induced increase 
in sprint performance after different CAs as well as 
on the needed time interval for peak increases have 
not been investigated until now. Thus it would be 
of interest to explore the effect of different types of 
CAs on the magnitude and the needed time inter-
vals between the execution of these CAs and the 
peak increases in sprint performance in sprinters of 
different strength and power characteristics. Finally, 
due to the fact that sprinters may have limited avail-
ability of resistance exercises equipment or time 
between attempts, before or during competitions, it 
is necessary to explore the effect of easily executed 
CAs (without heavy or specialized equipment), and 
to compare their effect with those of heavy-equip-
ment-needed CAs (like for the execution of dynamic 
back squats).

Considering the mentioned issues, the aim of the 
present study was to examine the effect of different 
CAs on short-term increases in sprint performance. 
Futhermore, the present study aimed to compare 
the effect of these CAs on acute increases in sprint 
performance between sprinters of different strength 
and power characteristics. It was hypothesized that 
dynamic and plyometric CAs will have a positive 
effect on sprint performance, while the peak sprint 
performance will be observed after 10 min from 
the execution of these CAs. Finally, the stronger 
participants will demonstrate a greater response 
after the HSQ protocol while the more explosive 
participants after the cCMJs and OVSP protocols.

Methods
Participants

Twelve male sprinters, with moderate expe-
rience and performance in sprinting events (n = 
12; age: 21.1±2.6 years, body height: 175.1±7.5 cm; 
body mass: 79.7±9.1 kg, body fat: 10.3±3.7%, lean 
body mass: 63.9±7.5 kg; 100 m sprint performance: 
11.5±0.6 seconds, training experience: 6.2±1.5 
years), gave their written consent to participate as 
volunteers in the study after being informed of the 
experimental procedures. All procedures were in 
accordance with the Declaration of Helsinki and 
approved by the local University ethics committee.

Experimental approach to the problem 
Participants were recruited via advertisements 

posted at local university-student societies and track 
and field clubs. Responders visited the laboratory 

and completed a weekly recall self-reported phys-
ical activity questionnaire. Those who fulfilled the 
inclusion criteria: 1) age range 18 to 30 years, 2) 
absence of any restraining orthopaedic or neuro-
muscular maladies, 3) at least one year of training 
experience in track and field sprints (100-400 m), 
4) weight stability (±2 kg) over ~3 months prior to 
the entry , and 5) absence of any drugs abuse or 
medications that affect the neuromuscular system, 
participated in the present study. One week later, 
participants had their medical examination, while 
the evaluations of body composition, counter-
movement jump (CMJ) performance and of half-
squat maximum strength in Smith machine (1-RM) 
were performed after a ten-minute warm-up on a 
stationary bicycle (30 min of rest was given between 
the evaluations). Three days after that the partici-
pants’ 100 m performances were evaluated outdoors 
on a track surface. After one week, participants 
started the main experimental procedure (4th – 7th 
visit; Figure 1), in which they performed, in each 
session, one of the four PAPE interventions in this 
order (one week time interval between each CA 
intervention): [1] 3 sets x 4 s maximum isometric 
half squat (IHF), [2] 3 sets x 3 consecutive coun-
termovement jumps (cCMJs), [3] 3 repetitions x 30 
m overspeed sprinting (OVSP), and [4] dynamic 
submaximal half squat (2 sets x 2 reps x 90% of 
1-RM half squat; HSQ). On each of these occa-
sions, participants started with a standard 10-min 
warm-up, including low-intensity running (5 min), 
and their warm-up routine. No passive-explosive 
stretching or exercises were allowed, in an effort 
to avoid any possible interactions (Seitz & Haff, 
2016; Tillin & Bishop, 2009; Tsoukos, et al., 2013). 
Then, each participant performed a 50 m sprint 
outdoors on a track surface, which served as a 
control, followed by one of the four interventions 
after 10 min of passive rest. After the execution of 
each PAPE intervention, each participant performed 
one maximum 50 m sprint at 5, 10 and 15 min post 
the CA (all participants rest between the trials). The 
selection of the time intervals between the post-
CAs’ attempts was based on the fact that during 
the official competition there is a time window, 
ranging from 5 to 20 min, between the warm-up/
preparation of sprinters and their race, as well as on 
the commonly used time intervals from the related 
studies (Lim & Kong, 2013; Nealer, et al., 2017; 
Rahimi, 2007; Till & Cooke, 2009; Turner, et al., 
2015) and on the suggestion of the recent reviews 
and metanalyses (Blazevich & Babault, 2019; Boul-
losa, 2021; Seitz & Haff, 2016; Seitz, Reyes, Tran, 
de Villarreal, & Haff, 2014; Tillin & Bishop, 2009; 
Turner, et al., 2015). During the period of the exper-
iment sprinters did not participate in any kind of 
strenuous training, events, or physical activity at 
least two days before each intervention, while they 
follow their regular training regimen.
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Procedures

Evaluation of body composition and 
anthropometric characteristics

Height was measured using a stadiometer with 
an accuracy of 0.5 cm (SECA 220, Seca Corpo-
ration, Columbia, USA). Body weight was meas-
ured bya calibrated digital scale with an accuracy 
of ±100 g (Seca 707, Seca Corporation, Columbia, 
USA). Body composition was evaluated via bioe-
lectrical impedance analysis (BIA; 50Hz; Body-
stat 1500, Bodystat Ltd, Ballakaap, Ballafletcher 
Road, Cronkbourne, Douglas, Isle of Man) and 
measurements were analyzed using Bodystat 1500 
computer software (Bodystat1500 Body Manager, 
version 3.16, 2002, Bodystat Ltd, Ballakaap, Ballaf-
letcher Road, Cronkbourne, Douglas, Isle of Man). 
Participants were instructed to remove unneces-
sary clothing and shoes. The BIA evaluation was 
performed according to previous recommendation 
for the estimation of body fat (percentage and kg) 
and free fat mass (FFM; percentage and kg) [ICC 
for body fat = 0.93, (95% CI: Lower = 0.89, Upper = 
0.97), LBM =0.98, (95% CI: Lower = 0.95, Upper = 
0.99), water = 0.94, (95% CI: Lower = 0.88, Upper 
= 0.98), p < 0.0001, n = 10] (Methenitis, et al., 2021; 
Papadopoulou, et al., 2017). 

Evaluation of muscular strength
Maximal half-squat strength was assessed in a 

Smith squat rack, as previously described (Methe-
nitis, et al., 2020). Specifically, after a 5-minute 
warm-up on a stationary bicycle at 50-60 Watt, 
participants performed 2-3 warm-up half-squat 
sets of 6-8 repetitions in a Smith machine with 
increasing loads. After that, they performed incre-
mental submaximal efforts with a 3-minute rest 

between them, until they were unable to lift a 
heavier load. Knee bending was allowed at 90°. 
Two of the authors were present at each trial and 
vocally encouraged participants. An adjustable iron 
rack was placed in the Smith machine to restrict the 
knee bending under 90o and for safety reasons. The 
ICC for 1-RM testing was 0.92.

Jumping performance
Counter movement jump (CMJ) performance 

was evaluated on a Optojump photoelectric cells 
kit (Microgate, Bolzano, Italy), according to the 
previously described protocols (Kostikiadis, et al., 
2018). Individuals started with a 5-min warm-up 
on a stationary bicycle and a 5-min stretching of 
the lower extremities’ major muscle groups. Then, 
three countermovement jumps with submaximal 
but progressively higher intensity were performed. 
Subsequently, three maximal efforts for each 
jumping technique were performed, with a 2-min 
rest between the attempts with the hands placed on 
hips. Jumping height and power were automatically 
calculated from the Optojump software, version 
3.01.0001, according to the following equations: 

Jump height (m) = (9.81 ∙ flight time)2 ∙ 8-1, and 
Power (W) = 60.7  jump height + 45.3  body 

weight - 2055 . 
The best effort was used in further analysis. The 

ICC for the CMJ was 0.91 (95% CI: Lower = 0.90, 
Upper = 0.99) n = 13.

Sprint running performance
Sprint running performance, i.e. sprinting time 

on 100 m and 50 m (in each trial before and after 
the PAPE interventions) was measured outdoors on 
a track surface at an ambient temperature between 
19-23oC and wind velocity between 0 to +0.8m∙s-1, 

Figure 1. The experimental design of the present study.
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as previously described (Methenitis, et al., 2016). 
Two pairs of wireless photocells (Brower Timing 
System, USA; accuracy 0.01 s), placed at 0 m and 
100 m, while for the evaluation of sprinting perfor-
mance before and after each PAPE interventions 
four pairs of wireless photocells were placed at 0 m, 
10 m, 30 m and 50 m. After a short warm-up, which 
included jogging and 2-3 submaximal sprints sepa-
rated by 6-8 min intervals, participants performed 
either the evaluation of 100 m or the control effort 
during each PAPE intervention. Each effort was 
maximum. ICC = 0.91, 95% CI: Lower = 0.88, 
Upper = 0.95; p<.0001. 

Conditioning activities
All the used CA interventions were matched as 

for the time needed to complete them (total effort 
time during each CA intervention ~10 s).

Isometric half squats (IHF). Isometric exer-
cises seem to induce greater increases in power 
performance compared to eccentric or concen-
tric CAs (Bogdanis, et al., 2014; Kontou, et al., 
2018). Furthermore, isometric half-squats have 
been used to acutely increase jumping perfor-
mance before (Tsoukos, et al., 2016). However, if 
this CA could also induce a significant increase 
in sprinting performance remains uncertain. For 
the purpose of the present study, a custom-made 
light equipment was created. Α heavy chain was 
adjusted in a leather lifting belt. Each participant 
wore the belt around his waist. The chain was bolted 
in the ground beneath the participants feet so that 
the participants were unable to move vertically. The 
length of the chain was adjusted for each partici-
pant so that the knee angle was set at 120o, since 
isometric squats at these knee angle leads to higher 
acute improvements of performance (Tsoukos, et 
al., 2016). Participants, after taking this position, 
isometrically contracted their lower-body muscles 
with maximall effort. Each participant performed 
three maximal efforts of 4 s each one, separated by 
a 2-min rest.

Overspeed (OVSP). Assisted sprint exercises are 
commonly used by coaches because they mechan-
ically increase stride length and rate, as well as 
they induce significant increases in neural activity 
of lower extremities’ muscularity, which in turn 
improve maximal sprinting velocity (Mero & Komi, 
1986). One variation of the assisted sprint exer-
cises that seems to induce significant improvement 
of sprint performance is the use of elastic cords 
(Bartolini, et al., 2011). However, this type of exer-
cise has never been investigated it could be used 
as a CA for the acute increase in sprinting perfor-
mance. Thus, it was of interesting to investigate if 
the use of elastic cord in an overspeed exercise could 
induce acute improvements of sprinting perfor-
mance. Each participant performed three repeti-
tions of 30 m overspeed sprinting with 3 minutes 

of rest intervals between them. Elastic cord (O’live 
Speed Resist Kit, EL12100, Aerobic & Fitness, S, 
Barcelona, Spain) was used in the present study. 
The kit’s harness was worn by each participant, 
while the opposite side of the kit was adjusted on 
a leather lifting belt, which was worn by one of 
the three very well trained sprinters (not partici-
pants in the present study) who assisted us (best 
performance in 100 m: 10.45±0.25 s). The same 
setting has been used in a previous study (Corn 
& Knudson, 2003). All participants were familiar 
with this type of training, as they performed it regu-
larly during their training routine. At its full length, 
12 m, O’live Speed Resist Kit provided an assis-
tive force on a participant equal to 35 kg, inten-
sity which ranged between 35 and 40% of our 
participants’ body weight. According to previous 
report, higher improvements of sprinting perfor-
mance were induced when the applied forces during 
the assisted maximal sprinting ranged between 30 
and 40% of athletes’ body weight, with no differ-
ence between them (Bartolini, et al., 2011). During 
this intervention, each participant took his starting 
position, while the assistant took his starting posi-
tion 12 meters in front of him (with the cord fully 
extended). Participants started sprinting upon a 
signal from a co-author. Each effort was maximum, 
for both the participants and assistants.

Consecutive countermovent jumps (cCMJs). 
CMJs are repeatedly used to induce PAPE, so their 
impact on acute increase in performance is well 
established (Karampatsos, Korfiatis, Zaras, Geor-
giadis, & Terzis, 2017; Karampatsos, Terzis, Poly-
chroniou, & Georgiadis, 2013; Kontou, et al., 2018; 
Terzis, Karampatsos, Kyriazis, Kavouras, & Geor-
giadis, 2012; Till & Cooke, 2009; Tsoukos, et al., 
2013). Finally, it has recently been reported that 
continuous vertical jumps could also be used as a 
potent CA for sprinting performance enhancement 
(Zimmermann, et al., 2021). However, a verifica-
tion of this conclusion is needed since until now 
the effect of continuous vertical jumping has never 
been compared to the other types of CAs. During 
this PAPE intervention, each participant performed 
three sets of three consecutive maximum CMJs 
with 2 min between the sets.

Submaximal half squat (HSQ). A commonly 
used protocol for acute increase in performance is 
the execution of maximal or submaximal half squats 
(Rahimi, 2007). In the present study HSQ was used 
as a control condition. The load for half squats was 
set at 90% of 1-RM, because it had been previ-
ously suggested that high loads during this type of 
action were needed to induce PAPE (Bogdanis, et 
al., 2014; Mcbride, Nimphius, & Erickson, 2005). 
During this PAPE intervention, each participant 
performed two sets of two repetitions at 90% of 
half squat 1-RM in a Smith machine, with a 3-min 
interval between the sets. 
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Statistical analyses 
A post-hoc power analysis (G*Power ver 

3.1; FrankFaul, Universität Kiel, Germany), was 
performed according to the study design, the 
number of the participants and the lower partial 
eta squared of the significant contrasts or the Pear-
son’s r correlation coefficients that were found, 
which revealed an actual power of 0.879 for the 
results of the present study. Accordingly, the power 
for the correlation coefficients when all the were 
included (n = 12) ranged between 0.815 and 0.889. 
All data are presented as means and standard devia-
tions (M±SD). A two-way analysis of variance (CAs 
x time; ANOVA; Bonferroni post-hoc) was used 
for the investigation of the difference between the 
percentage changes (changes of sprinting perfor-
mance after each CA compared to the control effort) 
of sprinting performance. A one-way ANOVA 
was used for the comparison between control 
trials performances (pre CAs sprint performance). 
Partial eta squared was also used as an indicator 
of effect size and it could be classified as small 
(0.01 to 0.059), moderate (0.06 to 0.137) and large 
(≥ 0.138). Student’s t-test was used for the compar-
ison between the participants who achieved the 
highest changes of their sprinting performance 
after either the overspeed/countermovement jumps 
or dynamic submaximal half squats interven-
tions. Pearson’s product moment correlation coef-
ficient was used to explore correlations between 
the variables. Adjusted R square was also used for 
all significant correlations to explore the explana-
tion proportion of each correlation. Statistical anal-
yses were performed with SPSS Statistics Ver. 20 
(IBM Corporation, USA). Two-tails significance 
was accepted at p≤.05.

Results
The participants’ half squat maximum strength 

was 170.1±28.8 kg (a relative maximum strength: 
2.2±0.2 kg;kgbody weight-1), while CMJ power 
and relative power were 3973.6±542.2 W and 
51.5±4.4 W(kgbody weight-1), respectivelly. No 
significant differences were found between the 
control trials (i.e. the baseline sprinting perfor-
mances before each PAPE intervention; p>.05, 
η2: 0.015; Table 1). Significant positive changes in 
sprint running performance (i.e. the reduction of 
sprinting times ranged between -2.14±1.21% and 
-3.56±2.47%) were found at 10 and 15 minutes after 
cCMJs, OVSP and HSQ interventions in all sprint 
distances (p<.05; Time η2: 0.208 – 0.293; Table 2), 
without any significant difference between these 
interventions (p>.05). However, there was a signif-
icant variability between participants as to when 
they reached their maximum sprinting performance 
change with some individuals experiencing their 
maximum performance changes sooner than the 
others (Figure 2). Indeed, when the highest changes 
in sprinting performance were evaluated (inde-
pendently of the time interval at which they were 
achieved), it was found that cCMJs, OVSP and HSQ 
interventions could lead to a reduction of 10 m, 
30 m and 50 m sprinting time by -3.04±1.95% to 
-4.97±2.19% (Table 1). Significant differences were 
observed between IHF and cCMJs, OVSP, HSQ 
induced sprint performance changes, in all sprint 
distances, at 10 and 15 minutes post interventions 
(p<.01, time x trial interactions η2: 0.182 – 0.300; 
Table 1).

The HSQ induced changes in sprint running 
performance (time needed to cover each distance), 
in all sprint distances, were negatively related to 

Figure 2. (A) Percentage changes in 50-m sprinting time after the four post-activation performance enhancement interventions 
(higher decreases in sprinting time indicate higher increases in sprinting performance). Numbers and small letters denote 
statistically significant differences between the marked time interval within each intervention and the marked groups for the 
comparison between the interventions, respectively (p<.05). (B) Individuals’ highest changes in 50-m sprinting time after the four 
conditioning activities independent of the time intervals.
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Table 1. Baseline (control) and percentage changes from the control trials of sprinting performances at 0-10-m, 0-30-m and 0-50-m 
after the four postactivation potentiation enhancement interventions

Distance Intervention

Baseline 
evaluation 
(control; 
seconds)
5 minutes

Percentage sprinting time at time 
intervals post innervations (%)#

Factor time
(partial η2 / p 

values)

Highest 
percentage 

change 
(%; 

independently 
of the time 
achieved)

10 minutes 15 minutes

0-10 m

IHF 2.10±0.14 -0.32±0.15 -1.34±1.05 

CMJ, OVSP, HSQ
-1.18 ±1.51
 CMJ, OVSP, HSQ

0.208 / 0.028

-2.21±1.17 

cCMJs 2.11±0.25 -0.84±0.50
10,15

-2.36±1.22*
5, IHF

-2.14±1.21*
5, IHF -3.08±2.17 IHF

OVSP 2.10±0.15 -1.99±1.20
10,15

-2.84±1.14* 

5, IHF
-2.24±1.33* 

5, IHF -3.20±2.37 IHF

HSQ 2.12±0.16 -1.13±1.14
10,15

-2.57±1.65* 

5, IHF
-2.99±1.28* 

5, IHF -3.04 ±1.95 IHF

Partial η2 / 
p values of 

factors

Trials 0.015 / 0.256 0.030 / 0.266
0.278 / 0.012Time X 

trials 0.285 / 0.007

0-30 m

IHF 4.02±0.25 -0.79±0.50 -1.89±1.02
CMJ, OVSP, HSQ

-2.00 ±1.39
CMJ, OVSP, HSQ

0.267 / 0.000

-2.14±2.11

cCMJs 4.11±0.33 -1.15±1.22 

10,15
-3.12±1.47*

5, IHF
-3.32±2.47*

5, IHF -4.47±2.81 IHF

OVSP 3.95±0.34 -1.99±1.01
10,15

-3.44±2.20*
5, IHF

-3.64±2.00*
5, IHF -4.03±2.85 IHF

HSQ 3.97±0.28 -1.98±1.56 

10,15
-3.15±2.55*

5, IHF
-3.89±2.31* 

5, IHF -4.67±2.78 IHF

Partial η2 / 
p values of 

factors

Trials 0.085 / 0.247 0.090 / 0.055
0.664 / 0.000Time X 

trials 0.182 / 0.005

0-50 m

IHF 6.16±0.38 -0.89±0.31 -1.06±1.45
CMJ, OVSP, HSQ

-1.12±0.89
CMJ, OVSP, HSQ

0.293 / 0.000

-1.89±0.80

cCMJs 6.03±0.44 -1.10±1.29
10,15

-2.98±1.27*
5, IHF

-3.17±2.62*
5, IHF -4.11±1.93 IHF

OVSP 6.21±0.46 -1.56±1.00
10,15

-3.00±1.91*
5, IHF

-3.56±2.47*
5, IHF -4.20±2.85 IHF

HSQ 6.09±0.39 -1.78±0.89
10,15

-3.21±0.78*
5, IHF

-3.00±2.55*
5, IHF -4.97±2.19 IHF

Partial η2 / 
p values of 

factors

Trials 0.082 / 0.344 0.318 / 0.001
0.631 / 0.000Time X 

trials 0.300 / 0.000

Note. Values are mean±SD. IHF: 3 sets x 4 s maximum isometric half squat, cCMJs: 3 sets of 3 consecutive countermovement jumps, 
OVSP: 3 sets x 30 m overspeed sprinting, HSQ: 2 sets x 2 rep x 90% of 1RM half squat. 
# Higher decreases in sprinting time indicate higher increases in sprinting performance. 
(*) Denotes the significant reductions (expressed as percentage change) of sprinting performance in each time interval compared 
to the control trial in each intervention separately. Small letters denote statistical significant differences per variable, between the 
marked groups in each time interval (where IHF: maximum isometric half squat, CMJ: countermovement jumps, OVSP: overspeed 
sprinting, HSQ: 90% of 1RM half squat), while the differences between the time intervals in each intervention separately are denoted 
by the numbers of the time intervals in which the differences were found (5: 5 minutes post PAPE, 10: 10 minutes post PAPE, 15: 15 
minutes post PAPE).

lean body mass and half squat maximum strength, 
and positively with 100 m sprint running perfor-
mance (r: -0.569 – 0.889, R2: 0.27 – 0.79, p<.05; 
Table 2). The highest percentage changes irrespec-
tive of sprinting performance time after cCMJs and 
OVSP were correlated with CMJ relative power (r: 
-0.525 – -0.661, R2: 0.22 – 0.31, p<.05; Table 2).

It must be pointed out that negative correlations 
indicate that participants, for example, with greater 
LBM were those with the highest reductions in 
sprinting times after the HSQ intervention. On 
the other hand, the positive correlations that were 
found for the 100 m best performance implied that 
participants with lower 100 m sprint times (higher 
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performances) were those achieving the highest 
increases in 0-10 m, 0-30 m and 0-50 m sprinting 
performances after the HSQ intervention. No signif-
icant correlations were found for IHF induced sprint 
performance changes (p>.05)

Taking into consideration previous studies 
reporting that there are significant inter-individual 
differences in PAPE induced changes in sprinting or 
throwing performances (Kontou, et al., 2018; Lim 
& Kong, 2013), it was of interest to explore indi-
viduals’ responses to each PAPE intervention of the 
present study. All participants responded positively 
to the cCMJs, OVSP, and HSQ PAPE protocols; 
however, large between-participant variations were 

observed. According to individuals’ responses, six 
participants had their highest changes after the HSQ 
intervention (HSQ group), while the rest six seemed 
to respond better after the cCMJs and/or OVSP 
interventions (cCMJs/OVSP group). The compar-
ison of these two groups revealed significant differ-
ences in their characteristics (p<.05; Table 3). Group 
HSQ had significantly higher values of body mass, 
lean body mass, half squat maximum strength and 
better 100 m sprint performance (time). In contrast, 
the CMJ height as well as maximum and relative 
power were higher in the cCMJs /OVSP group 
(p<.05; Table 3).

Table 2. Pearsons’ r correlation coefficients and adjusted R squares between lean body mass, 1RM half squat, countermovement 
jump, 100 m performances and the highest percentage changes in sprinting time (independently of time interval at which they 
were achieved) after the four postactivation potentiation interventions over each sprint distance. Only the significant correlations 
are presented (p<.05).

Distance Intervention Lean body mass 
(kg)

100 m sprint 
performance (s)

Half squat 
maximum 

strength (kg)

Countermovement jump 
relative power 

(W·kg body weight-1)

H
ig

he
st

 p
er

ce
nt

ag
e 

ch
an

ge
 o

f s
pr

in
t 

tim
e 

in
 e

ac
h 

in
te

rv
en

tio
n 

(%
) 0-10 m

IHF
cCMJs -.525 (.22)

OVSP -.542 (.23)

HSQ -.569 (.27) .578 (.28) -.722 (.60)

0-30 m

IHF
cCMJs -.637 (.36)

OVSP -.577 (.25)

HSQ -.700 (.45) .654 (.38) -.772 (.64)

0-50 m

IHF
cCMJs -.661 (.31)

OVSP -.558 (.25)

HSQ -.726 (.49) .899 (.41) -.877 (.79)

Note. IHF: 3 sets x 4 s maximum isometric half squat, cCMJs: 3 sets of 3 consecutive countermovement jumps, OVSP: 3 sets x 30 
m overspeed sprinting, HSQ: 2 sets x 2 rep x 90% of 1RM half squat. 

Table 3. Comparison of characteristics between the participants achieving the highest changes in their sprinting performances 
after either overspeed/countermovement jumps (n = 6) or half squat interventions (n = 6).

Participants achieving the highest change in their sprinting 
performance Partial η2 / 

p valuesOverspeed / Consecutive 
countermovement jumps (n = 6)

Dynamic submaximal half 
squats (n = 6)

Body mass (kg) 67.7±7.8* 82.9±8.6* 0.539 / 0.006

Lean body mass (kg) 58.9±5.9* 66.8±5.8* 0.672 / 0.001

Sprint training experience (year) 1.9±1.0 2.3±1.3 0.008 / 0.469

100 m Sprint Time (s) 11.8±0.3* 11.3±0.2* 0.609 / 0.003

Half squat maximum strength (kg) 142.8±14.7* 183.3±24.4* 0.547 / 0.006

Half squat relative maximum strength 
(kg·kg body weight-1) 2.1±0.3 2.3±0.2 0.003 / 0.489

Countermovement jump height (cm) 51.8±4.8* 41.2±4.2* 0.628 / 0.002

Countermovement jump power (W) 4664.7±673.8* 3282.6±598.6* 0.585 / 0.004

Countermovement jump relative power 
(W·kg body weight-1) 54.8±2.3* 48.2±3.4* 0.609 / 0.003

Note. (*) denotes the significant difference between the two groups.
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Discussion and conclusions 
The main findings of the present study were: (i) 

cCMJs, OVSP, and HSQ seemed to potentiate the 
10 m, 30 m, and 50 m sprint performance, without 
any significant difference between them, while 
IHF did not induce any improvement; (ii) the rest 
period after the execution of cCMJs, OVSP, and 
HSQ needed for the improvement of sprint perfor-
mance was 10-15 minutes; and (iii) high variabili-
ties of inter-individual responses were observed for 
the cCMJs, OVSP, and HSQ conditions with the 
stronger and more muscular participants responded 
to a greater extent after the HSQ protocol, while the 
more explosive participants did the same after the 
cCMJs and OVSP protocols. In addition, according 
to the results of the present study, it seems that the 
highest percentage changes in sprint performance 
after the HSQ intervention were negatively corre-
lated with lean body mass and half squat maximum 
strength, whereas they were positively correlated 
with the 100 m sprint running performance, as 
well as the highest increases in sprinting sprint 
performance after the cCMJs and OVSP condi-
tions were observed in athletes with higher CMJ 
relative power. 

This is the first time that these types of CAs, 
commonly used by coaches and athletes during 
training, have been compared in a study with the 
same participants for their effect on the 10 m, 30 
m, and 50 m sprint performance. Interestingly, 
in the present study, the applied cCMJs, OVSP, 
and HSQ protocols induced similar increases in 
sprinting performance. Probably, the reason for 
the almost identical effect of the cCMJs, OVSP, 
and HSQ protocols on sprinting performance and 
for the absence of any change in sprinting perfor-
mance after IHF may be the type of muscle action 
in each one of the CAs used in the present study. 
Indeed, it is well described that for inducing PAPE, 
the selected CA should be very similar to the type 
of muscle action that will be evaluated (Bogdanis, 
et al., 2014; Seitz & Haff, 2016; Till & Cooke, 2009; 
Tillin & Bishop, 2009; Tsoukos, et al., 2013; Turner, 
et al., 2015). cCMJs, OVSP, and HSQ have many 
common neural, mechanical and metabolic proper-
ties with sprint running (Lim & Kong, 2013; Mero & 
Komi, 1986). Thus, based on the mentioned reports, 
it seems that cCMJs, OVSP and HSQ exercises have 
all the needed characteristics to induce PAPE, so 
all the three CAs are good alternative methods for 
accomplishing significant acute increases in sprint 
performances after 10 to 15 min of rest. 

The present study reinforces the results of a 
recent study (Zimmermann, et al., 2021) indicating 
that continuous CMJs are a potent stimulus for an 
acute increase in sprinting performance. Compared 
to the CA used by Zimmermann et al. (2021; 5 sets 
of 5 cCMJs), the present study provided strong 
evidence that almost similar increases in sprinting 

performance could be achieved after only 3 sets of 3 
cCMJs. However, sprinting performance improve-
ment in the study by Zimmermann et al. (2021) was 
achieved after only 2 and 4 min of rest, while in 
the present study after 10 min. The reason for these 
differential results probably rely on the different 
training backgrounds that participants of these two 
studies had. In the study by Zimmermann et al. 
(2021), highly trained sprint athletes participated, 
while the participants in the present study had only 
moderate experience and performance in sprinting 
events. It is well described that the training history/
background is a very important factor affecting the 
magnitude and the time of PAPE induced increases 
in power performance, with the highly trained indi-
viduals to achieve greater increases in their perfor-
mances in shorter time compared to novice or 
moderately trained athletes (Blazevich & Babault, 
2019; Boullosa, 2021; Seitz & Haff, 2016; Tillin & 
Bishop, 2009; Tsoukos, et al., 2013). Further, CMJ 
has been repeatedly used as a CA that successfully 
increases throwing performance (Karampatsos, et 
al., 2013, 2017; Kontou, et al., 2018; Terzis, et al., 
2012). CMJs and sprints are activities which incor-
porate the stretch-shortening cycle in a very similar 
way, while all these activities have almost the same 
metabolic and neuro-mechanical capacities (Wilson 
& Flanagan, 2008). Futhermore, CMJ performance 
is highly related to sprint performance compared to 
other type of horizontal or vertical jumps (Maulder, 
Bradshaw, & Keogh, 2006), while, according to 
the force-vector theory, this exercise seems to be 
more appropriate to use in an effort to improve 
sprinting performance, especially when increases 
in short distance performance (< 100 m) are targeted 
(Loturco, et al., 2018). Thus, we could argue that 
the plyometric protocol used in the present study, 
which consisted of 3 sets of 3 consecutive CMJs as 
a CA, is sufficient to induce a PAPE effect on sprint 
running performance in sprinters.

In the present study OVSP was adapted as a 
potent CA to induce PAPE. As expected, OVSP 
induced significant increases in sprinting perfo-
mance, result which is in accordance with the 
previous report (Nealer, et al., 2017). However, 
in the study by Nealer et al. (2017), sprint perfro-
mance increased only during the first 5 m and only 
after 1 and 2 min post-intervention. In contrast, 
in the present study sprint perfromance increased 
significantly after OVSP in all distance intervals, 
but only after 10 min of rest. This delay effect may 
be related to the total volume (Seitz & Haff, 2016; 
Tillin & Bishop, 2009; Tsoukos, et al., 2013) of the 
OVSP protocol used in the present study, which 
was greater than the volume used in the study by 
Nealer et al. (2017; present study: 3 sets x 30 m 
overspeed running; Nealer et al.: 1 set x 20 m over-
speed running). Indeed, according to the hypo-
thetical model of PAPE-CA induced fatigue rela-
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tionship, proposed by Tillin and Bishop (2009), 
there is a reverse relationship between them, with 
the low volume CAs to induce PAPE earlier than 
the high volume CAs. According to this model, 
it was expected to find a delayed increase in 
the present study. However, the use of a higher 
volume during OVSP in the present study induced 
a delayed but stronger increase in sprinting perfor-
mance compared to the reported one in the study 
by Nealer et al. (2017). Taking into consideration 
the mentioned, it seems that when a sprinter has 
enough time before the race, a high volume OVSP 
CA should preferably be used, while when the time 
period is short, a lower volume OVSP should be 
preferred.

The third possible CA to induce a significant 
increase insprint perfromance seems to be the HSQ 
condition (2 sets of one repetition at 90% of half 
squat 1-RM). The use of high intensity resistance 
exercises (2-3 sets of 80-95% of 1-RM) as CAs 
for the acute increases insprint performance have 
been examined in several studies, and their posi-
tive effects are well established (Lim & Kong, 2013; 
Linder, et al., 2010; Mcbride, et al., 2005; Rahimi, 
2007; Seitz & Haff, 2016; Seitz et al., 2014). Thus, 
in the present study this intervention was used as 
a control condition to compare its effect with those 
of cCMJs, OVSP, and IHF. In the present study, 
the HSQ intervention increased sprint perfor-
mance only at 10 and 15 min post CA, and not at 5 
min. Intense resistance exercises have systemati-
cally been reported to increase sprint performance 
between 7 and 10 min after the execution of these 
CA, but not earlier (Lim & Kong, 2013; Linder, 
et al., 2010; Mcbride, et al., 2005; Rahimi, 2007; 
Seitz, et al., 2014; Till & Cooke, 2009), as was also 
observed in the present study. Therefore, we could 
speculate that PAPE requires over 7 minutes of 
recovery after intense resistance exercise to occur. 

A significant finding of the present study is a 
large individual variability of performance enhance-
ment. This variability is evident in the significant 
differences in responses which were observed as for 
the needed type of CA and rest intervals between 
our participants. It has been suggested that “one 
size does not fit all” (Terzis, et al., 2009; Tillin & 
Bishop, 2009; Tsoukos, et al., 2013). This means 
that coaches should consider the peak individual 
responses after a particular CA for the optimiza-
tion of their athletes’ sprint performance prior a 
competition. According to the results of the present 
study, it seems that stronger and the most muscular 
athletes tend to increase their performance to a 
greater extent after intense/heavy resistance exer-
cises, while the weaker but more powerful athletes, 
with lower LBM, seem to be favored after the 
execution of more power (explosive) demanding 
activities. Probably, the reason for these differential 
responses between the stronger and weaker partic-

ipants may be the specific neuromuscular adapta-
tions that these athletes have acquired from their 
training routines. After a thorough evaluation of 
athletes’ training routines, it seems the stronger 
participants tended to perform a strength-type 
resistance training, while the weaker followed a 
more power-requiring training routine. It is well 
described that different types of resistance training 
induce differential neuromuscular adaptations, with 
strength trained participants to have higher muscu-
larity, a greater size of type IIA fibers, but a lower 
percentage of type IIx fibers, while power trained 
athletes to have higher neural function, lower 
muscularity and a higher proportion of type IIX 
fibers (Methenitis, et al., 2016, 2019). Considering 
that PAPE is highly affected by all the mentioned 
biological parameters (Terzis, et al., 2009; Tillin & 
Bishop, 2009; Tsoukos, et al., 2013), it is expected 
that strength trained participants, having all the 
specific neuromuscular adaptations that were 
presented above, to respond better after intense/
heavy resistance exercises, in contrast to the more 
powerful subjects who seems to perform better after 
a more powerful activity. This proposed mecha-
nism could be supported by the correlations that 
were found in the present study and by the differ-
ential responses between the stronger (strength-
trained) and weaker (power-trained) participants. 
Unfortunately, electromyographic activity and fiber 
type composition were not evaluated in the present 
study, thus the above suggestion should be veri-
fied by future studies. Another limitation of the 
present study was that CAs induced physiolog-
ical and metabolic stresses were not evaluated in 
the present study, which are known to affect CAs’ 
induced fatigue and thus the needed rest time and 
the magnitude of PAPE performance enhancement 
(Blazevich & Babault, 2019; Boullosa, 2021; Seitz 
& Haff, 2016; Tillin & Bishop, 2009; Tsoukos, et 
al., 2013). For example, it has recently been reported 
that even between top-class sprinters, with the same 
sprinting performances, the physiological stress 
and metabolic responses after short-termed power 
and strength demanding activities are highly indi-
vidualized (Santos et al., 2021). Thus, perhaps one 
more explanation for the differential individualized 
responses, between and within each group, may 
also be the individualized CAs induced physiolog-
ical stress and metabolic responses, but this is some-
thing that should be investigated by future studies.

In conclusion, the results of the present study 
suggest that either three sets of three consecu-
tive CMJs or three repetitions of 30 m of assisted 
sprinting with an intensity ranged between 35 and 
40% of body weight or two sets of two repetitions 
at 90% of half squat of 1-RM could increase short 
distance sprint running performance after 10-15 
min from the execution of these CAs in moder-
ately trained sprinters. In contrast, three sets of 
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4-second maximum isometric contractions from 
a half squat position did not alter performance 
compared with baseline. When taking into account 
the best individual responses (independently of the 
time when they were achieved) the improvements 
were greater, while participants’ characteristics are 
of high importance for the selection of the type of 
CA that should be used, but also for the time needed 
for achieving the highest increases in sprint perfor-
mance. The results of the present study suggest 
to the coaches that short-distance sprint perfor-
mance could be acutely and similarly increased 
after performing either consecutive countermove-
ment jumps, overspeed sprints or submaximal half 
squats. In contrast, it seems that isometric exercises 
should be avoided. However, strength and condi-
tioning coaches should be aware that the character-

istics of their sprinters have a significant impact on 
the CA selection as well as on the needed rest time. 
Indeed, according to the results of the present study, 
stronger sprinters seem to benefit from the intense/
heavy resistance exercise CA, while the weaker/
more powerful athletes seem to need a more power 
demanding CA, like consecutive countermovement 
jumps and/or overspeed sprints. Finally, coaches 
should determine athletes’ individual responses 
to these CAs, as well as time point in which each 
sprinter achieves his/her highest sprint performance 
increase (needed rest time after the application of 
CAs) prior to competitions. It remains to be inves-
tigated whether these PAPE interventions have the 
same effectiveness in high-level sprinters consid-
ering their higher level of muscle strength/power 
and training experience.
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