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Abstract: The aim of this study was to examine the acute effect of backward running (BwR) during
warm-up on a 20-m sprint of boys’ performance, compared to forward running (FwR). Fourteen
recreationally active preadolescent boys (aged 12.5 + 0.5 years) were examined in 3 protocols: warm-up
(control condition), warm-up with 3 X 10 m additional BwR sprints and warm-up with 3 X 10 m
additional FwR sprints. Participants were evaluated 4 minutes after each protocol on a 20-m sprint
and intermediate distances, as well as the rate of perceived exertion (RPE). Sprint speed across
10-20 m was significantly higher for the BWR warm-up compared to the regular warm-up (p < 0.05)
and a significantly higher RPE after the BwR and FwR protocols compared to the control condition
was recorded (p < 0.05). No significant difference was detected across the distances 0-5, 5-10, 0-10
and 0-20 m. Although adding 3 X 10-m sprints of BwWR or FwR after the warm-up did not enhance
performance in a 20 m sprint of preadolescent boys, the positive effect of BwR across 10-20 m distance
suggests that BwR could be an alternative means for enhancing performance for certain phases of a
sprint for this age. However, preadolescent boys’ response to different sprint conditioning exercise
stimuli and the optimization of rest time to maximize performance remain to be determined.

Keywords: preadolescence; child; post-activation performance enhancement; sprint; warm-up; rate of
perceived exertion

1. Introduction

Warm-up, as a common practice applied prior to exercise and sports activities, has the potential
to improve performance [1]. There are several mechanisms that may contribute to this, such as
increased muscle temperature [2,3], the elevation of oxygen uptake kinetics [4] and changes in the
function of the neuromuscular system [5]. The inclusion of conditioning exercises in a warm-up,
i.e., high-intensity exercises, is widely thought to potentiate performance [6,7]. “Post-activation
performance enhancement” (PAPE) is a new term introduced by Cuenca-Fernandez et al. [8] and
describes such effects. In contrast to the classic post-activation potentiation, i.e., an increase in twitch
force and power after electrically or voluntarily induced intense contraction [9,10], PAPE has a longer
and weaker effect on performance, and is more likely attributed to different mechanisms [11]; the
former is attributed to the phosphorylation of the myosin regulatory light-chain and the latter to
changes in muscle temperature, muscle/cellular water content and/or muscle activation [11]. However,
the acute effects of different conditioning stimuli—especially during warm-up—on the performance of
tasks such as sprinting, is yet to be determined.
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The effects of conditioning stimuli on sprint performance have been previously tested in adults.
Effective PAPE effects have been reported using different types of conditioning stimulus, such as high
resistance loads [6,12,13] or jumping exercises [14]. Although it was previously emphasized that PAPE
stimulus is more effective when it is biomechanically similar to the subsequent activity [15], studies
using sprints as conditioning stimuli to enhance sprint performance are limited [16,17]. These studies
showed that adults did not improve their 60-m sprint speed after 2 x 60 m sprints [16], whereas young
male track and field athletes increased their speed in a 100 m sprint after 2 X 20 m resisted sprints, and
not after the same sprints as conditioning without resistance [17]. It seems therefore that the properties
of the conditioning stimulus might be critical for the outcome of the study.

Regarding young ages and development, PAPE has not been extensively investigated in children
prior to puberty. Although there are no differences in post-activation potentiation of the plantar flexor
muscles between men, adolescents and pre-adolescents [18], it has been shown that after maximal
half-squats, PAPE in terms of squat jump height was apparent in adult men but not in women, or
adolescents and children of both sexes [19]. Similarly, in preadolescent female gymnasts, high-intensity
task-specific (Rondat) or non-specific medium-intensity (double tuck jumps) conditioning contractions
were not adequate to induce PAPE on drop jumps [20]. Nonetheless, there are indications that young
adolescents can benefit from conditioning stimuli in the long-term. More specifically, resistance
exercise can cause PAPE effects in adolescents only after and not before 10 weeks of resistance and
sprint training [21]. Hence, it seems that the open question is not whether children are capable
of demonstrating PAPE, but which are the optimal conditions and the appropriate candidates of
conditioning stimuli to achieve it.

Running backwards (BwR) or forwards (FwR) are common types of movement in several
sports [22-24], but there are several functional differences between them. Compared to FwR, BwR
demonstrates greater lower limb muscle activation [25], higher rate of force development [26] and
lower mechanical stress on the knee [27]. These properties suggest that BwR could be a promising, safe
and efficient training stimulus. Furthermore, FWR and BwR differ in the type of contractions involved
during the task. More specifically, BWR is associated more with concentric and less with eccentric
work on the lower limbs [28]. This issue is of particular importance, because there is evidence that
children, are not efficient in tasks that incorporate eccentric contractions, such as vertical jumps [29,30]
and FwR [31], since they demonstrate prolonged contact time with the ground and hence inadequate
transfer of energy among the joints. On the other hand, BWR is an effective training method to improve
in the long-term children’s sprint speed [32], whilst there is no information regarding the acute effect
of BWR on sprinting. To our knowledge, it is still unknown whether PAPE in pre-adolescent children’s
sprinting performance could be induced by implementing BwR in a warm-up, i.e., a stimulus with a
greater concentric contraction profile than FwR. Therefore, it remains to be tested if this effect of BWR
would be greater than a warm-up protocol including FwR, which relies more on eccentric contractions.
Considering the above, the aim of this study was to examine the acute effect of 3 X 10 m BwR bouts
compared to FwR during a warm-up, on sprint performance, in pre-adolescent boys. We hypothesized
that BwR would potentiate performance in a 20 m sprint and intermittent distances more than a typical
warm-up program or a typical warm-up with FwR. This information could be useful for seeking
methods to optimize sprint performance in children after their warm-up.

2. Materials and Methods

2.1. Participants

Fourteen (n = 14) recreationally active preadolescent boys (age: 12.5 + 0.5 years; body mass:
50.2 £+ 10.5 kg; height: 159.4 + 10.1 cm) volunteered to participate in the study. This sample size for the
present experimental design corresponds to 0.8 power, for 0.65 effect size at a = 0.05 (G-power, v.3.1.9.4,
University of Kiel, Kiel, Germany). Maturity offset from peak height velocity was calculated according
to the prediction equation based on anthropometric measures, sex and age [33] and the participants



Sports 2020, 8, 55 3of11

were characterized as pre-adolescents with a maturity offset of —2.11 + 0.68 years. Body Mass Index
(BMI) was calculated by the ratio of body mass to the body standing height squared (19.6 + 2.8 kg/m?).
All of them were healthy, with no musculoskeletal or neurological disease or lower limb injury. They
joined two times a week for 90 min in a sports club, learning technical skills of team sports (soccer,
handball, volleyball, basketball), in addition to the physical education class at school (according to
school curriculum), two times per week for 45 min. Boys were asked to refrain from intense training
24 h prior to the testing days. Subjects’ parents/legal guardians were informed about the experimental
process and signed informed consent for the participation of their son/legal ward. The study was
conducted according to the Declaration of Helsinki and was approved by the institutional research
review board (EC-1/2020).

2.2. Experimental Design/Procedures

A randomized controlled design was used to investigate the acute effect of three warm-up
protocols on 20-m sprint performance in preadolescent boys. The intervention protocols consisted
of (a) a typical warm-up (control: CON), (b) 3 X 10-m maximal BwR bouts in addition to the typical
warm-up, and (c) 3 X 10-m maximal FwR bouts added to the typical warm-up. Each of these protocols
was assessed in random order, at three sessions carried out on non-consecutive days, separated by
72 h, at an indoor gym (wood parquet flooring), at a regular time of the day (14:00-16:00) in order
to minimize any possible impact of testing time [34]. Each protocol lasted approximately 8-9 min.
The participants wore light clothing and the same footwear during each session.

Rating of perceived exertion (RPE) was acquired immediately after the execution of each warm-up.
The participants were tested in a 20-m sprint 4 min after the completion of each warm-up, in order
to avoid fatigue [12,13,19]. Only one trial was performed since consecutive assessments could
affect the performance of each subsequent sprint. The same investigator supervised all procedures
and measurements.

One week before the first session, all participants were familiarized with the 20-m sprint and
BwR [35]. Special attention was focused on the correct BWR technique, by means of demonstration and
verbal feedback, following the guidelines of Uthoff et al. [32]. During the first session, anthropometric
data of all participants were collected. A digital scale (BC-543, TANITA, Tokyo, Japan) and a stadiometer
(Bodymeter 206, Seca, Ningbo, China) was used to measure body mass to the nearest 0.1 kg and body
height (standing and seated) to the nearest 0.1 cm, respectively.

2.3. Intervention

The control condition of the typical warm—up (CON), lasted approximately 8 min and consisted of
3 min jogging at a low—-medium tempo, followed by dynamic stretching exercises for the lower limbs
(Table 1). More specifically, the first 7 exercises were performed for a 10-m distance and after the end of
each exercise the participant walked back to the starting point. Dynamic stretching was preferred to
static, to eliminate any potential adverse effect in performance [36].

Table 1. The dynamic stretching exercises performed for 10 m after the 3 min jogging.

1. Hip in. 3. Heel kicks 5. Side steps (1 per side) 7. Knee hugs
2. Hip out 4. Speed skips 6. Karaoke (1 per side) 8. Front leg swings (10 per leg)

The two other conditions consisted of three additional sets of 10 m maximal BwR or FwR sprints.
Participants returned to the starting position running forward at a low pace. Subjects received verbal
encouragement during BwR and FwR to ensure that the conditioning stimulus was maximal.
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2.4. 20 m Sprint Test

Sprint time over 5, 10 and 20 m was measured during the 20 m sprint (Table S1). For this purpose,
three photocell timing gates (Witty Wireless Training Timer, Microgate, Bolzano, Italy) were placed at 5,
10, and 20 m. Photocells were adjusted to the pelvis height of each participant [37]. Participants were
instructed to start after the verbal signal “ready, go”. They stood on an upright stride stance position,
with their preferred foot forward, placed on the starting line over a pressure pad. Timing started
when participants’ foot was detached from the pressure pad. The assessor ensured no false steps
before starting and correct starting posture before the start. During the sprints verbal encouragement
motivated for maximal effort. Sprint speed was analyzed for the distances 0-5, 5-10, 0-10, 10-20,
and 0-20 m and was calculated by dividing the running distance by the time.

2.5. Rate of Perceived Exertion (RPE)

RPE was measured immediately after the completion of each intervention (Table S1), using the
10-degree Children’s OMNI scale [38]. Participants replied to the question “how tired do you feel?”, while
the investigator showed them the schematic OMNI scale. Participants had to declare the requisite
exertion by indicating a number on the scale from 0 (not tired at all) to 10 (very, very tired). During the
last two sessions at the sports club they were familiarized with the scale. This included a thorough
description and explanation of the scale and responding to any questions or doubts that they had.

2.6. Statistical Analysis

All data are presented as means and standard deviations. The dependent variables were the sprint
speed for the distances of 0-5, 5-10, 0-10, 10-20, and 0-20 m and the RPE. The Shapiro-Wilk test was
used to confirm the normal distribution of the data (p-values ranging from 0.126 to 0.850 among all
variables), and Levene’s test for the equality of variances (p = 0.368-0.787). Furthermore, Mauchly’s test
was performed to confirm that the assumption for sphericity was satisfied (p = 0.067-0.641). One-way
Analysis of Variance (ANOVA) for repeated measurements was used for the statistical assessment to
examine the effect of warm-up protocol (three levels: CON, BwR and FwR). The level of significance o
was set at 0.05. Statistically significant effects were assessed with the Scheffé's post-hoc test. The effect
sizes were calculated using eta squared (n?). The one sample t-test was used to examine the change
in percent of sprint performance during the BwR or FwR relative to the CON condition compared
to baseline zero. Confidence intervals at 95% confidence level (Clgse,) were constructed. Statistical
analysis was performed with SPSS for Windows, version 25 (IBM Corp., Armonk, NY, USA) and
custom scripts in R, version 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria).

3. Results

3.1. Sprint Speed

Sprint speed was not affected by protocol for the distances 0-5 m (F(2,26) = 0.34, p > 0.05, 1 = 0.03),
5-10 m (F(2,26) = 0.27, p > 0.05, n% = 0.04), 0-10 m (F(2,26) = 0.46, p > 0.05, 1> = 0.10) and 0-20 m
(F(2,26) = 0.79, p > 0.05, 1> = 0.06) (Table 2). However, a statistically significant effect of protocol
on sprint speed was detected for the 10-20m distance (F(2,26) = 5.85, p = 0.008, n> = 0.31). More
specifically, post-hoc tests revealed significantly higher sprint speed over the 10-20m distance after the
BwR protocol compared to control (p = 0.019, Clyse,: 0.025 to 0.30).

The percent change in sprint speed after the BwR and FwR relative to the CON protocol was
highly variable among subjects for the distances 0-5 m, 5-10 m and 0-10 m, revealing participants
with either lower or higher performance than the CON protocol (Figure 1). More systematic trends
were observed for 10-20 m and 0-20 m distances. More specifically, for the distance 10-20 m the speed
after the BwR protocol was 2.4 + 2.9% higher than the CON and it was statistically different from zero
(Clgse,: 0.8 to 4.1% p = 0.008) while the increase by 1.6 + 2.9% for the FwR compared to the CON was
not significantly different from zero (Clyse,: —0.1 to 3.3%, p = 0.065). Regarding the 0—20 m distance
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speed after the BWR was 0.9 + 2.6% higher than the CON and 0.0 + 2.4% after the FWR protocol. Both
percentages were not significant from zero (BwR Clyse,: —0.6 to 2.4 p = 0.241, and FwR Clyse,: —1.4 to

1.4 p = 0.972, respectively).

Table 2. Mean and standard deviation (SD) values of sprint speed (m/s) for the 20 m sprint and its
intermittent distances for the warm-up protocols (CON: typical warm-up; BwR: typical warm-up

plus 3 x 10 m backward running bouts; FwR: typical warm—-up plus 3 X 10 m forward running bouts).
Significantly higher values compared to the CON protocol are designated with asterisks (*: p < 0.01).

Distance CON BwR FwR p-Value
0-5m 4.64 +0.28 4.66 + 0.38 458 +0.34 0.714
5-10 m 5.53 + 0.45 5.47 +0.29 5.47 +0.37 0.769
0-10 m 5.04 +£0.27 5.02 +0.28 498 +0.29 0.634
1020 m 6.15 + 0.50 6.31 +0.61* 6.25 + 0.56 0.008
0-20 m 5.53 +0.33 5.58 +0.37 5.54 + 0.38 0.465
0-5m 5-10m 0-10 m 10-20 m 0-20 m
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Figure 1. Percent change in 20 m sprint speed and its intermittent distances after the BwR and FwR
protocols relative to the control protocol. Gray area corresponds to the Clyse, and vertical lines to the

SD of mean, shown as a horizontal line in the middle of the gray area.

3.2. Rate of Perceived Exertion

A statistically significant effect of protocol was found on RPE (F(2,26) = 24.2, p < 0.001). Post-hoc
tests revealed a statistically significantly lower RPE in the CON protocol (1.9 + 0.8, p < 0.001) compared
to the BWR (4.1 + 1.5) and FwR (4.2 + 1.2) warm-up protocols. This indicates that implementing either
3 x 10 m BwR or FwR after a typical warm-up causes a similar RPE, which is higher relative to the

typical warm-up per se.

4. Discussion

Adding 3 x 10 m sprints after a regular warm-up, regardless of the direction of running (BwR
or FwR), caused a higher RPE but no significant improvement in the 20 m sprint speed compared to
the typical warm-up (CON). Similarly, no significant effect of the warm-up protocol was observed
for all intermittent distances of the sprint, except for the 1020 m, where only the BwR protocol was
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superior compared to the CON in terms of sprint speed. Although the initial hypothesis for improved
performance in 20 m sprint speed after the BwR compared to the FWR or CON protocols was not
confirmed, these findings may give some limited evidence, that BwR could be an alternative means for
enhancing performance for certain phases of a sprint in preadolescent boys.

To the best of our knowledge, this is the first study to examine the acute effect of running stimuli
on sprint performance in preadolescent boys. Thus, it is difficult to directly compare the results of
this study to those of other PAPE studies because of methodological differences. However, the fact
that in the present study BwR or FwR failed to trigger a PAPE effect on 20-m sprinting performance
in preadolescent boys is in accordance with previous research, regarding squat jumps with maximal
isometric half-squats as conditioning [19]. More specifically, Arabatzi et al. [19], showed that among
adults, adolescents and preadolescents of both sexes, jumping performance improved only in adult
males and not in the other age and sex groups. One possible reason for the absence of PAPE in
children could be their muscle fiber distribution [39], which is possibly lower in fast-twitch muscle
fiber content, that are more prone to post-activation potentiation [40]. Furthermore, the training level
seems to play a crucial role for the appearance of PAPE [21], and athletes with a high level of power
or strength show a greater PAPE effect than athletes with lower values of power or strength [41,42].
More particularly, regarding sprinting speed, increased muscle stiffness and improved capacity to
use effectively the stretch-shortening cycle are two factors linked to sprint performance and might
be affected by training [43,44]. On the other hand, children have more compliant musculotendinous
system [45,46], and insufficiently use their stretch-shortening cycle [29,30]. Recent studies indicate
training may improve the former [32] but not the latter [47] in young athletes (adolescents and
preadolescents, respectively). Hence, the existence of an immature neuromuscular system might also
explain why the children that participated in the current study, which were in principle untrained
(recreationally active), had no significant improvement in their 20 m sprint speed.

Beyond the age and training level, there are some additional factors that might have influenced
the amount of PAPE on the 20-m sprint speed after the tested protocols. One of these factors
could be the conditioning stimulus properties. The great variability of the effect of the conditioning
stimulus, especially during the first 10 m, suggests that the optimal conditioning stimulus should
be individualized as proposed by previous researchers [6,48]. This possibly explains the absence
of differences in sprint speed between the protocol during the first 10 m. Previous studies have
suggested that the reason for no positive effect of explosive conditioning stimuli on PAPE in 11- to
13-year-old gymnasts could be the relatively low volume and intensity [20]. In the present study, the
effort of the trials could not be further increased since it was maximal. However, although there are
possibilities to increase the load on the muscles, by adding resistance during the sprint, studies in
adults have shown that performing sprint with resistance (backward sled towing) as conditioning
did not improve their sprint speed for the first 5 m [49], which is in agreement with the current
study. Nonetheless, the increased RPE observed after the end of the BwR and FwR protocol should
be considered when planning future studies because in the presence of fatigue, adverse effects in
performance might be expected [50]. Therefore, attempts to further increase the number of repetitions
or the total covered distance, or the resistance during running (e.g., elastic bands), might have adverse
effects on performance. However, the optimal load to maximize performance is still unknown.

Moreover, sprints require anaerobic power [51], whereas children have a decreased capacity to
utilize their anaerobic metabolism [52,53]. Furthermore, sprinting, as a multi-joint, complex, circular
and dynamic motion [54], is a challenging task for untrained children that have limited capacity to
coordinate and activate optimally their muscles during complex movements [30,55]. In agreement
with other studies [56-58], the lack of lower limb neuromuscular coordination might also explain the
greater variability in percent change among the tested protocols, especially during the first 10 m of the
acceleration, when the coordination demands are higher [51]. It is possible though that a larger sample
size (n > 14) could reduce the probability for type II error in the case of 0-10 m distance. Alternatively,
the lower variability shown at the 10-20 m distance could reveal a statistical differentiation in the BwR
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compared to the CON warm-up protocol. Hence, not only the volume and intensity, but also the nature
of the conditioning stimulus could also play a role on the absence or presence of a PAPE effect.

This was also the main purpose of the study, i.e., to evaluate the PAPE effect of two protocols with
conditioning stimuli of different nature (BwR and FwR) compared to the CON condition. Indeed, for
the distance 10-20 m, a warm-up including the BwR was superior in terms of sprint speed compared
to the CON protocol (mean difference 0.16 m/s), whereas this was not the case for the FwR protocol.
One explanation for this limited but statistically significant difference could be that BwR might be a
better conditioning stimulus, since it involves more concentric contractions [28] and children are not
able to execute eccentric movements involving the stretch-shortening cycle, as effectively as adults
do [29,30]. However, considering that using eccentric contractions as conditioning stimulus is more
effective than concentric [59], suggesting BWR as a means of inducing PAPE is still a compromise.
Therefore, BWR could be suggested for novice athletes to improve their performance, but the main
goal of the strength and conditioning trainer should be to improve their technique and performance
using—among others—plyometric programs, which are effective in young ages [60,61].

Another factor that might contribute to the presence of PAPE, is the optimal timing between the
end of the conditioning stimulus and the test [7,41]. Immediately after the end of the conditioning
stimulus, fatigue may mask any PAPE effect [50]. The fact that in the present study the sprint speed
after the BWR or FwR was not lower than the CON protocol, shows that despite the increased RPE
values, a rest interval of 4 minutes after the conditioning was enough to maintain performance levels.
Nonetheless, considering previous findings showing that children, compared to adults, recover faster,
rely more on their aerobic mechanisms for energy production, and are more resistant to fatigue [53],
it is reasonable to argue that shorter rest intervals might have the potential for greater PAPE in children.
However, this requires further investigation.

Regarding RPE and metabolic cost, BWR at maximal intensity is considered to have greater energy
consumption than FwR [26]. Nonetheless, in a recently published paper, RPE and metabolic cost
during BwR and FwR, at self-pace speed, was similar [62]. Both of the previously mentioned studies
involved adults. Considering the above, it could be assumed that one of the reasons why children had
no significant difference in RPE between the BwR and FwR protocols in the present study, could be
their potential inability to perform the task maximally. However, this assumption requires further
investigation in the future to be verified.

From a practical point of view, the findings of this study support the inclusion of BwR sprints
in warm-up routines in preadolescent children, as a method to improve sprint performance across
10-20 m distance. This acute effect in performance may enhance performance during training or
competition. However, these findings regard recreationally active preadolescent children and cannot
be generalized to the population of any specific sport. Each sport has different demands and the
training stimuli may vary as well. Therefore, the existence and extent of improvement in sprinting
velocity after BWR sprints, remains to be verified, for distances that are of specific interest to each sport.

5. Conclusions

Although the implementation of 3 X 10 m sprints, either BwR or FwR, to a warm-up does not
enhance 20 m sprint speed in recreationally active preadolescent boys, after a recovery period of 4 min,
the positive effect of BWR on sprint speed during the distance 10-20 m suggests that BwR might
be an alternative means for enhancing performance in certain phases of a sprint speed. However,
preadolescent boys” response to different sprint conditioning exercises, optimal rest time and/or
conditioning stimuli remains to be determined on an individual basis, taking into account the basic
characteristics and limitations of children’s physiology.

Supplementary Materials: The following are available online at http://www.mdpi.com/2075-4663/8/4/55/s1,
Table S1: Speed and RPE Values of All Participants.


http://www.mdpi.com/2075-4663/8/4/55/s1

Sports 2020, 8, 55 8of 11

Author Contributions: Conceptualization, D.P. and E.B.; Methodology, D.P,, E.B., A.P. and D.A.P,; Validation,
E.B., A.X and D.A.P;; Data curation, D.P., E.B. and A.P.; Formal analysis, E.B. and D.A.P,; Investigation, D.P,,
E.B. and A.P; Visualization, D.A.P.; Writing—original draft, D.P., E.B., and D.A.P,; Writing—review & editing,
D.P, E.B., AP, AX. and D.A.P; Supervision, E.B.. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank the participants and their parents for their dedicated time
and collaboration.

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

References

1. Bishop, D.J. Warm Up II. Performance changes following active warm up and how to structure the warm up.
Sport. Med. 2003, 33, 483-498. [CrossRef]

2. Gray, S.R; Soderlund, K.; Watson, M.; Ferguson, R.A. Skeletal muscle ATP turnover and single fibre ATP
and PCr content during intense exercise at different muscle temperatures in humans. Pfliigers Arch. Eur. ].
Physiol. 2011, 462, 885-893. [CrossRef] [PubMed]

3.  Racinais, S.; Oksa, J. Temperature and neuromuscular function. Scand. J. Med. Sci. Sports 2010, 20, 1-18.
[CrossRef]

4. Jones, AM.; Burnley, M. Oxygen uptake kinetics: An underappreciated determinant of exercise performance.
Int. J. Sports Physiol. Perform. 2009, 4, 524-532. [CrossRef] [PubMed]

5. Wilson, J.M.; Duncan, N.M.; Marin, PJ.; Brown, L.E.; Loenneke, J.P.; Wilson, S.M.C.; Jo, E.; Lowery, R.P;
Ugrinowitsch, C. Meta-analysis of postactivation potentiation and power. J. Strength Cond. Res. 2013, 27,
854-859. [CrossRef] [PubMed]

6. McBride, J.M.; Nimphius, S.; Erickson, TM. The acute effects of heavy-load squats and loaded
countermovement jumps on sprint performance. J. Strength Cond. Res. 2005, 19, 893-897.

7. Kilduff, L.P,; Bevan, H.R.; Kingsley, M.I.C.; Owen, N.J.; Bennett, M.A_; Bunce, PJ.; Hore, AM.; Maw, J.R,;
Cunningham, D.J. Postactivation potentiation in professional rugby players: optimal recovery. J. Strength
Cond. Res. 2007, 21, 1134. [CrossRef] [PubMed]

8.  Cuenca-Fernandez, F,; Smith, I.C.; Jordan, M.].; Macintosh, B.R.; Lopez-contreras, G.; Arellano, R.; Herzog, W.
Nonlocalized postactivation performance enhancement (PAPE). Appl. Physiol. Nutr. Metab. 2017, 1125,
1122-1125. [CrossRef]

9. Sale, D.G. Postactivation potentiation: Role in human performance. Exerc. Sport Sci. Rev. 2002, 30, 138-143.
[CrossRef]

10. Hodgson, M.].; Docherty, D.; Robbins, D. Post-activation potentiation. Sport. Med. 2005, 35, 585-595.
[CrossRef]

11. Blazevich, AJ.; Babault, N. Post-activation potentiation versus post-activation performance enhancement in
humans: Historical perspective, underlying mechanisms, and current issues. Front. Physiol. 2019, 10, 1359.
[CrossRef] [PubMed]

12.  Chatzopoulos, D.E.; Michailidis, C.J.; Giannakos, A.K.; Alexiou, K.C.; Patikas, D.A.; Antonopoulos, C.B.;
Kotzamanidis, C.M. Postactivation potentiation effects after heavy resistance exercise on running speed. J.
Strength Cond. Res. 2007, 21, 1278-1281. [PubMed]

13. Rahimi, R. The acute effects of heavy versus light-load squats on sprint performance. Phys. Educ. Sport 2007,
5,163-169.

14. Byrne, PJ.; Kenny, J.; O’ Rourke, B. Acute pobloomtentiating effect of depth jumps on sprint performance. J.
Strength Cond. Res. 2014, 28, 610-615. [CrossRef]

15. van den Tillaar, R,; Lerberg, E.; von Heimburg, E. Comparison of three types of warm-up upon sprint ability
in experienced soccer players. J. Sport Heal. Sci. 2019, 8, 574-578. [CrossRef]

16. Yoshimoto, T.; Takai, Y.; Kanehisa, H. Acute effects of different conditioning activities on running performance
of sprinters. Springerplus 2016, 5, 1203. [CrossRef]

17. Ferreira-Junior, ].B.; Guttierres, A.P.M.; Encarnacao, .G.A.; Lima, J.R.P; Borba, D.A.; Freitas, E.D.S,;
Bemben, M.G.; Vieira, C.A.; Bottaro, M. Effects of different conditioning activities on 100-m dash performance
in high school track and field athletes. Percept. Mot. Skills 2018, 125, 003151251876449. [CrossRef]


http://dx.doi.org/10.2165/00007256-200333070-00002
http://dx.doi.org/10.1007/s00424-011-1032-4
http://www.ncbi.nlm.nih.gov/pubmed/21947579
http://dx.doi.org/10.1111/j.1600-0838.2010.01204.x
http://dx.doi.org/10.1123/ijspp.4.4.524
http://www.ncbi.nlm.nih.gov/pubmed/20029103
http://dx.doi.org/10.1519/JSC.0b013e31825c2bdb
http://www.ncbi.nlm.nih.gov/pubmed/22580978
http://dx.doi.org/10.1519/00124278-200711000-00026
http://www.ncbi.nlm.nih.gov/pubmed/18076243
http://dx.doi.org/10.1139/apnm-2017-0217
http://dx.doi.org/10.1097/00003677-200207000-00008
http://dx.doi.org/10.2165/00007256-200535070-00004
http://dx.doi.org/10.3389/fphys.2019.01359
http://www.ncbi.nlm.nih.gov/pubmed/31736781
http://www.ncbi.nlm.nih.gov/pubmed/18076255
http://dx.doi.org/10.1519/JSC.0b013e3182a0d8c1
http://dx.doi.org/10.1016/j.jshs.2016.05.006
http://dx.doi.org/10.1186/s40064-016-2860-7
http://dx.doi.org/10.1177/0031512518764494

Sports 2020, 8, 55 9of 11

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Paadsuke, M.; Ereline, J.; Gapeyeva, H. Twitch contraction properties of plantar flexor muscles in pre- and
post-pubertal boys and men. Eur. . Appl. Physiol. 2000, 82, 459-464. [CrossRef]

Arabatzi, F; Patikas, D.A.; Zafeiridis, A.; Giavroudis, K.; Kannas, T.; Gourgoulis, V.; Kotzamanidis, C.M. The
post-activation potentiation effect on squat jump performance: Age and sex effect. Pediatr. Exerc. Sci. 2014,
26, 187-194. [CrossRef]

Dallas, G. The post-activation effect with two different conditioning stimuli on drop jump performance in
pre-adolescent female gymnasts. Artic. |. Phys. Educ. Sport 2018, 18, 2368-2374.

Tsimachidis, C.; Patikas, D.A.; Galazoulas, C.; Bassa, E.I.; Kotzamanidis, C.M. The post-activation potentiation
effect on sprint performance after combined resistance/sprint training in junior basketball players. J. Sports
Sci. 2013, 31, 1117-1124. [CrossRef] [PubMed]

Karcher, C.; Buchheit, M. On-court demands of elite handball, with special reference to playing positions.
Sport. Med. 2014, 44, 797-814. [CrossRef] [PubMed]

Stojanovi¢, E.; Stojiljkovié, N.; Scanlan, A.T.; Dalbo, V.J.; Berkelmans, D.M.; Milanovi¢, Z. The activity
demands and physiological responses encountered during basketball match-play: A systematic review.
Sport. Med. 2018, 48, 111-135. [CrossRef] [PubMed]

Bloomfield, J.; Polman, R.; O’'Donoghue, P. Physical demands of different positions in FA premier league
soccer. J. Sport. Sci. Med. 2007, 6, 63-70.

Flynn, T.W.; Soutas-Little, R. W. Mechanical power and muscle action during forward and backward running.
J. Orthop. Sports Phys. Ther. 1993, 17, 108-112. [CrossRef]

Wright, S.; Weyand, P.G. The application of ground force explains the energetic cost of running backward
and forward. J. Exp. Biol. 2001, 204, 1805-1815.

Roos, PE.; Barton, N.; van Deursen, R.W.M. Patellofemoral joint compression forces in backward and forward
running. J. Biomech. 2012, 45, 1656-1660. [CrossRef]

Cavagna, G.A.; Legramandi, M.A_; La Torre, A. An analysis of the rebound of the body in backward human
running. |. Exp. Biol. 2012, 215, 75-84. [CrossRef]

Gillen, Z.M.; Jahn, L.E.; Shoemaker, M.E.; Mckay, B.D.; Mendez, A.L; Bohannon, N.A.; Cramer, ].T. Effects of
eccentric preloading on concentric vertical jump performance in youth athletes. J. Appl. Biomech. 2019, 35,
327-335. [CrossRef]

Lazaridis, S.N.; Bassa, E.I.; Patikas, D.A.; Hatzikotoulas, K.; Lazaridis, EK.; Kotzamanidis, C.M. Biomechanical
comparison in different jumping tasks between untrained boys and men. Pediatr. Exerc. Sci. 2013, 25,101-113.
[CrossRef]

Meyers, R.W.; Oliver, ].L.; Hughes, M.G.; Cronin, J.B.; Lloyd, R.S. Maximal sprint speed in boys of increasing
maturity. Pediatr. Exerc. Sci. 2015, 27, 85-94. [CrossRef] [PubMed]

Uthoff, A.; Oliver, ].; Cronin, J.; Harrison, C.; Winwood, P. Sprint-specific training in youth: Backward
running vs. forward running training on speed and power measures in adolescent male athletes. J. Strength
Cond. Res. 2020, 34, 1113-1122. [CrossRef] [PubMed]

Mirwald, R.L.; Baxter-Jones, A.D.G.; Bailey, D.A.; Beunen, G.P. An assessment of maturity from
anthropometric measurements. Med. Sci. Sports Exerc. 2002, 34, 689-694. [PubMed]

Thun, E.; Bjorvatn, B.; Flo, E.; Harris, A.; Pallesen, S. Sleep, circadian rhythms, and athletic performance.
Sleep Med. Rev. 2015, 23, 1-9. [CrossRef]

Uthoff, A.; Oliver, J.; Cronin, J.; Winwood, P.; Harrison, C. Prescribing target running intensities for high-school
athletes: Can forward and backward running performance be autoregulated? Sports 2018, 6, 77. [CrossRef]
Behm, D.G.; Chaouachi, A. A review of the acute effects of static and dynamic stretching on performance.
Eur. J. Appl. Physiol. 2011, 111, 2633-2651. [CrossRef]

Yeadon, M.R;; Kato, T.; Kerwin, D.G. Measuring running speed using photocells. J. Sports Sci. 1999, 17,
249-257. [CrossRef]

Robertson, R.J.; Goss, FL.; Andreacdi, J.L.; Dubé, ].J.; Rutkowski, J.].; Snee, B.M.; Kowallis, R.A.; Crawford, K.;
Aaron, D.J.; Metz, K.F. Validation of the children’s OMNI RPE scale for stepping exercise. Med. Sci. Sports
Exerc. 2005, 37, 290-298. [CrossRef]


http://dx.doi.org/10.1007/s004210000236
http://dx.doi.org/10.1123/pes.2013-0052
http://dx.doi.org/10.1080/02640414.2013.771817
http://www.ncbi.nlm.nih.gov/pubmed/23409801
http://dx.doi.org/10.1007/s40279-014-0164-z
http://www.ncbi.nlm.nih.gov/pubmed/24682948
http://dx.doi.org/10.1007/s40279-017-0794-z
http://www.ncbi.nlm.nih.gov/pubmed/29039018
http://dx.doi.org/10.2519/jospt.1993.17.2.108
http://dx.doi.org/10.1016/j.jbiomech.2012.03.020
http://dx.doi.org/10.1242/jeb.057562
http://dx.doi.org/10.1123/jab.2018-0340
http://dx.doi.org/10.1123/pes.25.1.101
http://dx.doi.org/10.1123/pes.2013-0096
http://www.ncbi.nlm.nih.gov/pubmed/25054903
http://dx.doi.org/10.1519/JSC.0000000000002914
http://www.ncbi.nlm.nih.gov/pubmed/30358697
http://www.ncbi.nlm.nih.gov/pubmed/11932580
http://dx.doi.org/10.1016/j.smrv.2014.11.003
http://dx.doi.org/10.3390/sports6030077
http://dx.doi.org/10.1007/s00421-011-1879-2
http://dx.doi.org/10.1080/026404199366154
http://dx.doi.org/10.1249/01.MSS.0000149888.39928.9F

Sports 2020, 8, 55 10 of 11

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Lexell, J.; Sjostrom, M.; Nordlund, A.S.; Taylor, C.C. Growth and development of human muscle:
A quantitative morphological study of whole vastus lateralis from childhood to adult age. Muscle Nerve
1992, 15, 404-409. [CrossRef]

Hamada, T.; Sale, D.G.; MacDougall, ].D.; Tarnopolsky, M.A. Interaction of fibre type, potentiation and
fatigue in human knee extensor muscles. Acta Physiol. Scand. 2003, 178, 165-173. [CrossRef]

Jo, E.; Judelson, D.A.; Brown, L.E.; Coburn, JJW.; Dabbs, N.C. Influence of recovery duration after a
potentiating stimulus on muscular power in recreationally trained individuals. J. Strength Cond. Res. 2010,
24,343-347. [CrossRef]

Smilios, I.; Sotiropoulos, K.; Barzouka, K.; Christou, M.; Tokmakidis, S.P. Contrast loading increases upper
body power output in junior volleyball athletes. Pediatr. Exerc. Sci. 2017, 29, 103-108. [CrossRef] [PubMed]
Ross, A.; Leveritt, M.; Riek, S. Neural influences on sprint running: training adaptations and acute responses.
Sport. Med. 2001, 31, 409-425. [CrossRef] [PubMed]

Meyers, R.W.,; Oliver, J.L.; Hughes, M.G.; Lloyd, R.S.; Cronin, J.B. The influence of maturation on sprint
performance in boys over a 21-month period. Med. Sci. Sports Exerc. 2016, 48, 2555-2562. [CrossRef]
[PubMed]

Kubo, K,; Teshima, T.; Hirose, N.; Tsunoda, N. Growth changes in morphological and Mechanical properties
of human patellar tendon In Vivo. . Appl. Biomech. 2014, 30, 415-422. [CrossRef] [PubMed]

Waugh, C.M.; Blazevich, A ].; Fath, E; Korff, T. Age-related changes in mechanical properties of the Achilles
tendon. J. Anat. 2012, 220, 144-155. [CrossRef]

Katsikari, K.; Bassa, E.I.; Skoufas, D.; Lazaridis, S.N.; Kotzamanidis, C.; Patikas, D.A. Kinetic and kinematic
changes in vertical jump in prepubescent girls after 10 weeks of plyometric training. Pediatr. Exerc. Sci. 2020,
32,1-8. [CrossRef]

Till, K.A.; Cooke, C. The effects of postactivation potentiation on sprint and jump performance of male
academy soccer players. J. Strength Cond. Res. 2009, 23, 1960-1967. [CrossRef]

Monaghan, D.J.; Cochrane, D.]. Can backward sled towing potentiate sprint performance? J. Strength Cond.
Res. 2019, 34, 1. [CrossRef]

Tillin, N.A.; Bishop, D.]J. Factors modulating post-activation potentiation and its effect on performance of
subsequent explosive activities. Sport. Med. 2009, 39, 147-166. [CrossRef]

Piechota, K.; Pakosz, P,; Borysiuk, Z.; Wa, Z. Coordination aspects of an effective sprint start. Front. Physiol.
2018, 9, 1-7.

Kaczor, J.J.; Ziolkowski, W.; Popinigis, J.; Tarnopolsky, M.A. Anaerobic and aerobic enzyme activities in
human skeletal muscle from children and adults. Pediatr. Res. 2005, 57, 331-335. [CrossRef] [PubMed]
Ratel, S.; Blazevich, A.]. Are prepubertal children metabolically comparable to well-trained adult endurance
athletes? Sport. Med. 2017, 47, 1477-1485. [CrossRef] [PubMed]

Cochrane, D. The sports performance application of vibration exercise for warm-up, flexibility and sprint
speed. Eur. J. Sport Sci. 2013, 13, 256-271. [CrossRef]

Lazaridis, S.N.; Bassa, E.I.; Patikas, D.A.; Giakas, G.; Gollhofer, A.; Kotzamanidis, C.M. Neuromuscular
differences between prepubescents boys and adult men during drop jump. Eur. J. Appl. Physiol. 2010, 110,
67-74. [CrossRef]

Cortis, C.; Tessitore, A.; Perroni, F.; Lupo, C.; Pesce, C.; Ammendolia, A.; Capranica, L. Interlimb coordination,
strength, and power in soccer players across the lifespan. ]. Strength Cond. Res. 2009, 23, 2458-2466.
[CrossRef]

Cortis, C.; Tessitore, A.; Lupo, C.; Pesce, C.; Fossile, E.; Figura, F.; Capranica, L. Inter-limb coordination,
strength, jump, and sprint performances ollowing a youth men’s basketball game. |. Strength Cond. Res.
2011, 25, 135-142. [CrossRef]

Lupo, C.; Ungureanu, A.N.; Varalda, M.; Brustio, P.R. Running technique is more effective than soccer-specific
training for improving the sprint and agility performances with ball possession of prepubescent soccer
players. Biol. Sport 2019, 36, 249-255. [CrossRef]

Seitz, L.B.; Haff, G.G. Factors modulating post-activation potentiation of jump, sprint, throw, and upper-body
ballistic performances: A systematic review with meta-analysis. Sport. Med. 2016, 46, 231-240. [CrossRef]
Johnson, B.A ; Salzberg, C.L.; Stevenson, D.A. A systematic review: Plyometric training programs for young
children. J. Strength Cond. Res. 2011, 25, 2623-2633. [CrossRef]


http://dx.doi.org/10.1002/mus.880150323
http://dx.doi.org/10.1046/j.1365-201X.2003.01121.x
http://dx.doi.org/10.1519/JSC.0b013e3181cc22a4
http://dx.doi.org/10.1123/pes.2016-0095
http://www.ncbi.nlm.nih.gov/pubmed/27618471
http://dx.doi.org/10.2165/00007256-200131060-00002
http://www.ncbi.nlm.nih.gov/pubmed/11394561
http://dx.doi.org/10.1249/MSS.0000000000001049
http://www.ncbi.nlm.nih.gov/pubmed/27434083
http://dx.doi.org/10.1123/jab.2013-0220
http://www.ncbi.nlm.nih.gov/pubmed/24610231
http://dx.doi.org/10.1111/j.1469-7580.2011.01461.x
http://dx.doi.org/10.1123/pes.2019-0188
http://dx.doi.org/10.1519/JSC.0b013e3181b8666e
http://dx.doi.org/10.1519/JSC.0000000000003322
http://dx.doi.org/10.2165/00007256-200939020-00004
http://dx.doi.org/10.1203/01.PDR.0000150799.77094.DE
http://www.ncbi.nlm.nih.gov/pubmed/15611348
http://dx.doi.org/10.1007/s40279-016-0671-1
http://www.ncbi.nlm.nih.gov/pubmed/28044282
http://dx.doi.org/10.1080/17461391.2011.606837
http://dx.doi.org/10.1007/s00421-010-1452-4
http://dx.doi.org/10.1519/JSC.0b013e3181bc1b39
http://dx.doi.org/10.1519/JSC.0b013e3181bde2ec
http://dx.doi.org/10.5114/biolsport.2019.87046
http://dx.doi.org/10.1007/s40279-015-0415-7
http://dx.doi.org/10.1519/JSC.0b013e318204caa0

Sports 2020, 8, 55 11 of 11

61. Chaouachi, A.; Ben, O.A,; Hammami, R.; Drinkwater, E.J.; Behm, D.G. The combination of plyometric and
balance training improves sprint and shuttle run performances more often than plyometric-only training
with children. J. Strength Cond. Res. 2014, 28, 401-412. [CrossRef] [PubMed]

62. Masumoto, K.; Galor, K.; Craig-Jones, A.; Mercer, ].A. Metabolic costs during backward running with body
weight support. Int. J. Sports Med. 2019, 40, 269-275. [CrossRef] [PubMed]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1519/JSC.0b013e3182987059
http://www.ncbi.nlm.nih.gov/pubmed/23669821
http://dx.doi.org/10.1055/a-0806-7537
http://www.ncbi.nlm.nih.gov/pubmed/30716782
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Experimental Design/Procedures 
	Intervention 
	20 m Sprint Test 
	Rate of Perceived Exertion (RPE) 
	Statistical Analysis 

	Results 
	Sprint Speed 
	Rate of Perceived Exertion 

	Discussion 
	Conclusions 
	References

