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The impact of cone drill training on reaction time and 30-meter
sprint performance in youth sprinters

Elimpacto del entrenamiento con conos en el tiempo de reaccion y el rendimiento en la
carrera de 30 metros en velocistas juveniles

Abstract
______________________________________________________________________________________|
Introduction: Reaction speed and maximum speed are two fundamental components in

influencing the performance of athletes in athletics, especially in the 100-meter sprint.
However, until now, effective training models in increasing reaction speed and maximum speed
have not been explored to the fullest.

Objective: This study aims to prove the effect of Cone Drill training on reaction speed and
maximum speed in 100-meter sprint athletes.

Methodology: This study involved a total of 16 youth sprinter athletes who were participants
aged 15-17 years and were given an intervention of Cone Drill training for 6 weeks. Data
collection was carried out by measuring 30-m sprint test, while reaction speed using whole
body reaction audio and visual carried out before and after the intervention. The parametric
paired sample t-test was applied to test the difference in data in each group, while the
independent sample t-test was applied to test the difference in data between groups with a
significant level of 5%.

Results: The results showed significantly higher 30-meter sprint test and reaction speed
between before and after exercise for 6 weeks (p < 0.001). In addition, we also observed an
increase in 30-meter sprint test and reaction speed between groups (p < 0.05).

Conclusions: These findings prove that the Cone Drill training has a positive impact on
increasing reaction speed and 30-meter sprint test, making it one of the training methods that
should be considered in the preparation and implementation of the 100-meter sprint athlete
training program.

Keywords
Athletics; 30-meter sprint test; physical components; reaction speed; training model.
Resumen

Introduccién: La velocidad de reacciéon y la velocidad méaxima son dos componentes
fundamentales que influyen en el rendimiento de los deportistas en el atletismo, especialmente
en los 100 metros lisos. Sin embargo, hasta ahora no se han explorado al maximo modelos de
entrenamiento eficaces para aumentar la velocidad de reaccién y la velocidad maxima.
Objetivo: Este estudio tiene como objetivo demostrar el efecto del entrenamiento I of Pain 5
Cone Drill sobre la velocidad de reacciéon y la velocidad maxima en atletas de velocidad de 100
metros.

Metodologia: En este estudio participaron un total de 16 atletas jévenes velocistas de entre 15
y 17 afios de edad que recibieron una intervencién de entrenamiento con taladro de 5 conos I
of Pain durante 6 semanas. La recopilaciéon de datos se llevé a cabo midiendo la velocidad
maxima mediante una prueba de sprint de 30 metros, mientras que la velocidad de reacciéon
mediante la reaccion audio y visual de todo el cuerpo se llev6 a cabo antes y después de la
intervencion. Se aplicé la prueba t paramétrica de muestras pareadas para probar la diferencia
de datos en cada grupo, mientras que se aplicé la prueba t de muestras independientes para
probar la diferencia de datos entre grupos con un nivel significativo del 5%.

Resultados: Los resultados mostraron una mayor velocidad de reaccién y en la prueba de sprint
de 30 metros entre antes y después del ejercicio durante 6 semanas (p < 0,001). Ademas, se
observé un aumento en la velocidad de reaccidn y en la prueba de sprint de 30 metros entre los
grupos (p < 0,05).

Conclusiones: Estos hallazgos demuestran que el ejercicio [ of Pain 5 Cone Drill tiene un impacto
positivo en el aumento de la velocidad de reacciéon y la prueba de sprint de 30 metros, por lo
que es uno de los métodos de entrenamiento que se deben considerar en la preparaciéon e
implementacién del programa de entrenamiento del atleta de sprint de 100 metros.

Palabras clave

Atletismo; prueba de 30 metros; componentes fisicos; velocidad de reaccién; modelo de
entrenamiento.
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Introduction
___________________________________________________________________________________________________________________________|
Reaction speed and maximum speed are two fundamental components in influencing the performance
of athletes in athletics, especially in the 100-meter sprint (Haugen et al., 2019). Sprint is a running race
in which all runners run at a very full speed (Bushnell et al., 2007). However, for running, both feet are
in a floating position (McDermott et al., 2017). The 100-meter sprint not only tests how fast an athlete
can run, but also tests their ability to respond to initial stimuli, such as the sound of a gun starting, as
well as their ability to manage acceleration and maintain maximum speed in a short span of time
(Tgnnessen et al., 2013). This sprint race can be divided into three main phases: the block start and
acceleration phase, the maximum speed phase, and the deceleration phase (Healy et al., 2022). In the
block start and acceleration phases, athletes strive to achieve optimal speed from a stationary position
as quickly as possible. Then, in the maximum speed phase, athletes try to maintain the highest speed
they have reached, while in the deceleration phase, they must effectively manage the speed drop until
they reach the finish line. The ability to navigate these three phases efficiently is often the main
determinant of success in a sprint race (Nagahara et al., 2014).

Reaction speed refers to the time an athlete takes to respond to an external stimulus such as a starting
signal, playing a critical role in sprint events (Tgnnessen etal., 2013). Even minimal delays in reaction—
measured in milliseconds—can significantly affect race outcomes, particularly in high-level
competitions. A slow start can hinder optimal acceleration, which is challenging to compensate for in
later phases. In contrast, maximum speed involves the athlete’s ability to reach and sustain high velocity,
requiring a synergy of muscular strength, neuromuscular coordination, and refined technique (Tam &
Yao, 2024). Both aspects—reaction speed and maximum speed—are influenced by training programs,
which continue to evolve alongside advancements in sports science and technology (Neviantoko et al.,
2020). As noted by Maksum & Indahwati (Maksum et al., 2023), athletic achievement is the cumulative
outcome of various supporting factors, one of which is the training method. Modern training approaches
now emphasize not only strength and endurance but also include agility and coordination exercises
(Neviantoko et al,, 2020).

One such approach attracting attention is the Five Cone Drill (5CD), an agility-based exercise designed
to improve acceleration, deceleration, and directional speed (Diputra et al., 2015). Although the specific
use of this drill in sprinting has not been extensively documented, it is characterized by rapid directional
changes around five cones, requiring agility, coordination, and fast neuromuscular responses. Some
literature suggests that agility training may lead to neurophysiological benefits that could support
improvements in reaction and maximum speed. For instance, while Lichtenstein et al. (2023) examined
training in older adults, their findings on neuromuscular responsiveness and coordination offer
conceptual parallels, although their direct applicability to youth sprint athletes is limited. Similarly, Wu
et al. (2024) explored two neural response models, highlighting the role of training in modulating
neuroplasticity—insights which, though general, may inform the design of motor control interventions.

The Five Cone Drill (5CD) may potentially work through neurophysiological mechanisms such as
increased plasticity in the motor cortex, triggered by exercise-induced calcium ion (Ca**) dynamics in
neurons (Zhou, 2021; Shahrezaei et al, 2006). These processes could accelerate communication
between the brain and muscles, as indicated by faster neural signal transmission (Yeom et al., 2020). In
addition, this drill might enhance recruitment of type Il muscle fibers, known for their rapid contraction
capabilities, and increase the efficiency of actin-myosin interactions during muscular contraction
(Plotkin et al., 2021). Proprioceptive adaptations—improvements in body position awareness—may
also allow athletes to respond more efficiently to directional changes. Furthermore, metabolic
enhancements such as increased glycolytic capacity can support faster energy availability during sprints
(Yilmaz et al,, 2024). While these physiological mechanisms are indirectly associated with reaction
speed, more evidence is needed to confirm direct effects on reaction to specific auditory or visual
stimuli.

Given the importance of reaction speed and maximum sprint speed for athletic success, exploring
effective training methods is essential. The Five Cone Drill (5CD) has been introduced as a method to
optimize movement quality through neurophysiological and biomechanical pathways. Although this
drill does not directly involve training responses to auditory or visual cues, it may still contribute to
improvements in reaction-related performance through enhanced sensorimotor integration. Agility
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exercises, particularly those involving complex patterns, are known to stimulate rapid central nervous
system (CNS) activation and improve the efficiency of neural signal transmission to muscles (Yeom et
al,, 2020). Previous studies have noted that agility training may improve decision-making speed and
proprioceptive response—factors relevant to the sprint start (Lichtenstein et al., 2023). Furthermore,
repetitive movement patterns in agility drills are believed to enhance motor cortex plasticity, which
could facilitate faster response times across multiple stimulus types, including auditory ones such as the
starting gun (Wu et al,, 2024). However, limited empirical evidence exists regarding the effectiveness of
agility-based drills like the Five Cone Drill for improving reaction time and sprint-specific performance,
particularly among youth athletes in their developmental stages. Therefore aims to analyze the effects
of Five Cone Drill training on reaction time and 30-meter sprint performance in youth sprinters. It is
hypothesized that this agility-based intervention will significantly enhance both variables compared
with conventional sprint training. The findings are expected to contribute to the growing body of
literature by providing empirical evidence on the neurophysiological mechanisms and practical
applications of agility-based training for sprint performance development in young athletes.

Methods
[

Study design and participants

This study was a true-experimental research with a pretest-posttest control group design. A total of
sixteen youth sprinter athletes participated in the study. The inclusion criteria were: age between 15-
17 years; body mass index (BMI) between 20-22 kg/m?; normal systolic and diastolic blood pressure
(120-110/90-80 mmHg); resting heart rate (RHR) 60-80 bpm; oxygen saturation 96-100%; and body
temperature 36.1-37.0 °C. All participants were verified to have no history of smoking, alcohol
consumption, hypertension, or diabetes. Additionally, none of the participants were undergoing any
medical treatment or therapy that could influence physiological performance variables. After eligibility
screening, participants were randomly assigned into two groups using a simple randomization
procedure with a computer-generated random number sequence: an experimental group (n = 8) that
received the Five Cone Drill training and a control group (n = 8) that continued their regular sprint
training program. Randomization was conducted by an independent researcher who was not involved
in the data collection or analysis to minimize allocation bias. All participants completed a six-week
training intervention, performed three times per week, under supervision from certified athletic
coaches.

Protocol of Cone Drill training

The Cone Drill training was applied with the starting position from the first cone, then go backwards to
the second cone with a distance of 5 meters, then run forward to the first cone, then back again to the
third cone with a distance of 10 meters from the first cone, then return again to the first cone, then run
back again from the first cone to the fourth cone with a distance of 15 meters from the first cone, and
finally retreat to the fifth cone with a distance of 20 meters from the first cone, then sprint as fast as
possible back to the first cone. This drill was performed for 3 sets of 6 repetitions in each session with
3 minutes rest between repetitions and 3 minutes between sets. The Cone Drill training was applied at
high intensity (85-95% maximal aerobic speed / MAS) with a frequency of 3 sessions per week for 6
weeks. Training compliance was monitored by direct supervision of each session, and attendance was
recorded to ensure adherence (290% participation) to the prescribed training dose. Heart rate and
subjective intensity (RPE) were also monitored regularly to maintain the intended training intensity
range within the planned protocol. The Cone Drill training procedure can be seen in Figure 1.
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Figure 1. Protocol of Training I of Pain 5 Cone Drill
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Control group activities

The control group continued with their regular sprint training routine, which included warm-up drills,
technical sprint work, and general conditioning (e.g., bodyweight strength exercises), but did not receive
any additional agility or cone-based training during the study period. This design aimed to isolate the
effects of the I of Pain 5 Cone Drill intervention.

Data collection

Data collection was carried out by measuring reaction speed using a whole-body reaction test (Gavkare
etal,, 2013). The whole body reaction audio and visual test begins with the preparation of tools such as
visual stimuli (lights or screens) and audio (loudspeakers or headphones), as well as a stopwatch to
record the reaction time. Participants were given instructions to respond to stimuli as quickly as
possible with overall body movements, both to light (visual) and sound (audio) stimuli. The test was
carried out by recording the reaction time from the stimulus given until the participant began to move.
Meanwhile, the maximum speed was tested using a 30 m sprint test (Ferro et al., 2014; Putera et al,,
2023) between pre-exercise and post-exercise. Age, weight, height, body mass index, systolic and
diastolic blood pressure, resting heart rate, oxygen saturation, and body temperature were all measured
before the intervention.

Data analysis

The normality test was applied with the Shapiro-Wilk test to determine the distribution and
centralization of data, while homogeneity was evaluated using Levene’s test. The parametric paired
sample t-test was applied to examine within-group differences, whereas the independent sample t-test
was used to analyze between-group differences. Effect size was calculated using Cohen’s d with
interpretations of small (0.2), medium (0.5), large (0.8), and very large (1.3) (Sullivan et al., 2012). A
priori power analysis was conducted using G*Power 3.1 with a target effect size of d = 0.80, a significance
level a = 0.05, and desired statistical power = 0.80 to verify that the available sample size was sufficient.
All statistical analyses used a 5% significance level, and results were presented as mean + SD.

Results
___________________________________________________________________________________________________________________________|
Data distribution was verified for normality (Shapiro-Wilk) and homogeneity (Levene’s test). The
results demonstrated significantly higher maximum speed and reaction speed between pre- and post-
intervention after 6 weeks of exercise (p < 0.001) (Figure 2-4). Furthermore, there was also a significant
between-group difference in both maximum speed and reaction speed (p < 0.05). Details of the results
of the analysis can be seen in Table 1.

NI
d 1382
Mt




2025 (Diciembre), Retos, 73, 1379-1387 ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

Figure 2. The difference in speed between pre and post in each group
Description: (A) control group. (B) training group. p-value was obtained by paired sample t-test analysis. (*) Significant at pre (p < 0.001).
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Figure 3. The difference in reaction speed with audio between pre and post in each group
Description: (A) control group. (B) training group. p-value was obtained by paired sample t-test analysis. (*) Significant at pre (p < 0.001).
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Figure 4. The difference in reaction speed with visual between pre and post in each group
Description: (A) control group. (B) training group. p-value was obtained by paired sample t-test analysis. (*) Significant at pre (p < 0.001).
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Table 1. Speed analysis results, reaction speed with audio, reaction speed with visual

Group (n=8)

CGp TGp
mean * SD mean * SD
Pre-speed (m/s) 6.36+0.23 6.28+0.18 0.412 0.397
Post-speed (m/s) 6.39+0.27 6.58+0.21 0.105 0.812
A-speed (m/s) 0.03+0.07 0.31+0.05 0.001 4.537
Pre-reaction speed with audio (s) 0.32+0.02 0.33+0.01 0.809 0.632
Post-reaction speed with audio (s) 0.32+0.02 0.31+0.03 0.101 0.392
A-reaction speed with audio (s) -0.01+0.01 -0.02+0.01* 0.001 5.001
Pre-reaction speed with visual (s) 0.32+0.02 0.31+0.01 0.878 0.632
Post-reaction speed with visual (s) 0.32+0.03 0.31+0.01 0.431 0.447
A-reaction speed with visual (s) 0.00+0.00 -0.01+0.01* 0.002 1.938
Evaluation of effect size using Cohen's d.
p-value was obtained by independent sample t-test analysis.
Data was displayed with a mean * SD.
(*) Significant at control group (CGp) (p < 0.001).

Variable P value Effect size
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Discussion

___________________________________________________________________________________________________________________________|
This study demonstrates that the Cone Drill training contributed to improvements in reaction speed and
maximum sprint speed among youth sprinter athletes. This form of agility training involves movement
patterns requiring rapid changes in direction while managing acceleration and deceleration—key
elements relevant to sprinting performance (Wang et al.,, 2024). However, it is important to clarify that
in the study by Wang et al. (2024), the primary focus was on how speed training influences agility, rather
than the reverse. While conceptually related, the application of these findings to reaction speed
improvement should be interpreted cautiously. Nonetheless, the current study’s results indicate that
agility-based interventions may indirectly support neuromotor adaptations relevant to sprint
performance.

From a neuromuscular perspective, repeated exposure to the Five Cone Drill (5CD) may enhance the
nervous system’s ability to process and respond to movement stimuli more efficiently, leading to
improved reaction time and sprint mechanics (Morat et al., 2020). Although the drill does not include
direct auditory or visual stimuli, it appears to stimulate neurophysiological responses—such as
increased motor cortex plasticity and improved synaptic transmission—that may support quicker
neuromuscular coordination (Li et al, 2024). In addition, the training potentially optimizes the
recruitment of type Il muscle fibers, which are critical for explosive movements such as sprint starts and
rapid acceleration (Skelly etal., 2021; Ross et al,, 2021). From a muscle metabolism standpoint, repeated
execution of this drill may also enhance glycolytic capacity, potentially leading to faster and more
efficient anaerobic energy production. This could help athletes sustain high running speeds for longer
periods before the onset of fatigue (Mongold et al., 2024). From a proprioceptive perspective, the
training may further improve body awareness and movement coordination, enabling athletes to adjust
posture and balance more effectively during directional changes in sprinting. As even minor shifts in
posture can affect running efficiency, this adaptation may offer meaningful performance benefits.

Quantitative results further reinforce the observed improvements. Athletes in the intervention group
demonstrated a 5% increase in reaction speed—from 0.320 seconds to 0.305 seconds—while the
control group improved by only 2%, from 0.315 to 0.309 seconds. Similarly, in the 30-meter sprint test,
the experimental group showed a 5% improvement in maximum speed, compared to 2% in the control
group. While these differences suggest a favorable effect of the training intervention, further studies
with larger samples and statistical power are needed to validate the significance of these results.

These findings align with previous research, such as that by Lee et al. (2024), which found that Speed,
Agility, and Quickness (SAQ) training—including cone drills—Iled to significant improvements in sprint
performance over 8 weeks in young female soccer players. The observed parallels support the argument
that structured agility drills, including the Five Cone Drill (5CD), may play a role in sprint training
regimens. Moreover, this approach reflects the training principles proposed by Suyoko et al. (2022),
who emphasize the role of biomotor components—especially speed—in enhancing athletic capacity.
Additionally, Morin et al. (2015) demonstrated that sprint acceleration and peak velocity are closely
associated with ground reaction forces, which may be positively influenced by directional drills that
improve movement mechanics.

The results of this study may suggest that incorporating Five Cone Drill exercises into youth sprint
training programs could enhance both reaction time and maximal sprint performance. Coaches might
consider implementing this drill during the preparatory or early competition phases, where
improvements in acceleration and start performance are most critical. The drill’'s emphasis on quick
directional changes and acceleration-deceleration control could be particularly beneficial for
developing neuromuscular coordination and responsiveness among youth athletes who are still refining
their motor skills. Moreover, because the drill does not require specialized equipment, it could serve as
a practical, low-cost addition to existing training routines. However, its integration should be gradual
and tailored to athletes’ individual skill levels to avoid overloading and potential movement pattern
disruptions.

Although the findings are promising, several limitations should be acknowledged. The sample size was
relatively small and drawn from a single athletic club, which may limit the generalizability of the results.
The short duration of the intervention (six weeks) also restricts conclusions regarding long-term

adaptations. In addition, variables such as motivation, sleep quality, and environmental conditions were
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not controlled, which could have influenced performance outcomes. The absence of blinding may also
introduce bias in data collection.

Future research should consider larger and more diverse participant groups, include longer
intervention periods, and possibly integrate neurophysiological measurements (e.g., EMG or EEG) to
confirm underlying mechanisms. Studies comparing the Five Cone Drill with other agility-based or
resistance training protocols could further clarify its relative efficacy. Longitudinal designs could also
help determine whether improvements in reaction time and sprint performance are sustained over
competitive seasons.

In conclusion, while acknowledging these limitations, the present findings may suggest that the Five
Cone Drill can serve as an effective component of sprint training programs, particularly for enhancing
reaction speed and maximum sprint performance in youth athletes. This study contributes to the
growing body of knowledge on agility-based interventions and provides preliminary evidence
supporting their integration into athletic development frameworks.

Conclusions

This study shows that the Cone Drill training method significantly improves reaction speed and 30-
meter sprint test in 100-meter sprint athletes, especially through movement patterns that involve rapid
change of direction as well as acceleration and deceleration control. This exercise may be effective
effective than conventional methods in improving athletes' neuromuscular abilities. Practically, coaches
are advised to integrate the I of Pain 5 Cone Drill in the sprint training program to improve the reaction
speed and acceleration of athletes. Meanwhile, future studies suggest using a larger and more diverse
sample, longer training duration, and considering psychological factors and exercise conditions to gain
a more comprehensive understanding.

Acknowledgements

We would like to thank the Faculty of Sports and Health Sciences, Universitas Negeri Surabaya for the
facilities provided to support the implementation of this research. We also thank all participants who
participated in this research.

Financing

This study was supported by funding from the Research and Community Service Institute (LPPM),
Universitas Negeri Surabaya (UNESA), in 2025 through the Collaborative Basic Research scheme.

References

Bushnell, T., and Hunter, I (2007). Differences in technique between sprinters and distance runners at
equal and maximal speeds. Sports biomechanics, 6(3), 261-268.
https://doi.org/10.1080/14763140701489728.

Diputra, R. (2015). The effect of Three Cone Drill, Four Cone Drill, and Five Cone Drill exercises on agility
and  speed.SPORTIF  jJournal:  Journal of  Learning  Research, 1(1), 41.
https://doi.org/10.29407 /js_unpgri.v1il.574.

Ferro, A., Villacieros, |., Floria, P., and Graupera, ].L. (2014). Analysis of speed performance in soccer by
a playing position and a sports level using a laser system. Journal of human kinetics, 44, 143-153.
https://doi.org/10.2478 /hukin-2014-0120.

Gavkare, A.M., Surdi, A.D., and Nanaware, N. (2013). Auditory Reaction Time, Visual Reaction Time and
Whole Body Reaction Time in Athletes. Indian Medical Gazette, 147(6), 214-219.

NI
B 1385
\bt




2025 (Diciembre), Retos, 73, 1379-1387 ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

Haugen, T., Seiler, S., Sandbakk, ., Tgnnessen, E. (2019). The Training and Development of Elite Sprint
Performance: an Integration of Scientific and Best Practice Literature. Sports medicine - open,
5(1), 44. https://doi.org/10.1186/s40798-019-0221-0.

Healy, R., Kenny, I.C., and Harrison, A.J. (2022). Profiling elite male 100-m sprint performance: The role
of maximum velocity and relative acceleration. Journal of sport and health science, 11(1), 75-84.
https://doi.org/10.1016/j.jshs.2019.10.002.

Lee, Y.S, Lee, D, and Ahn, N.Y. (2024). SAQ training on sprint, change-of-direction speed, and agility in
U-20 female football players. PloS one, 19(3): €0299204.
https://doi.org/10.1371/journal.pone.0299204.

Lichtenstein, E., Held, S., Rappelt, L., Zacher, ]., Eibl, A,, Ludyga, S., Faude, O., and Donath, L. (2023). Agility
training to integratively promote neuromuscular, cardiorespiratory and cognitive function in
healthy older adults: a one-year randomized-controlled trial. European review of aging and
physical activity : official journal of the European Group for Research into Elderly and Physical
Activity, 20(1), 21. https://doi.org/10.1186/s11556-023-00331-6.

Li, X,, Qu, X,, Shi, K,, Yang, Y., and Sun, ]J. (2024). Physical exercise for brain plasticity promotion an
overview of the underlying oscillatory mechanism. Frontiers in neuroscience, 18, 1440975.
https://doi.org/10.3389/fnins.2024.1440975.

Maksum, A., and Indahwati, N. (2023). Personality traits, environment, and career stages of top athletes:
An evidence from outstanding badminton players of Indonesia. Heliyon, 9(3): e13779.
https://doi.org/10.1016/j.heliyon.2023.e13779.

McDermott, B.P., Anderson, S.A., Armstrong, L.E., Casa, D.]J., Cheuvront, S.N., Cooper, L., Kenney, W.L,,
O0'Connor, F.G.,, and Roberts, W.0. (2017). National Athletic Trainers' Association Position
Statement: Fluid Replacement for the Physically Active. Journal of athletic training, 52(9), 877-
895. https://doi.org/10.4085/1062-6050-52.9.02.

Mongold, S.J., Georgiev, C., Legrand, T., and Bourguignon, M. (2024). Afferents to Action: Cortical
Proprioceptive Processing Assessed with Corticokinematic Coherence Specifically Relates to
Gross Motor Skills. eNeuro, 11(1), ENEURO.0384-23.2023.
https://doi.org/10.1523/ENEURO0.0384-23.2023.

Morat, M., Faude, O., Hanssen, H., Ludyga, S., Zacher, |, Eibl, A., Albracht, K., and Donath, L. (2020). Agility
Training to Integratively Promote Neuromuscular, Cognitive, Cardiovascular and Psychosocial
Function in Healthy Older Adults: A Study Protocol of a One-Year Randomized-Controlled
Trial. International journal of environmental research and public health, 17(6), 1853.
https://doi.org/10.3390/ijerph17061853.

Morin, ].B., Slawinski, ., Dorel, S., de Villareal, E.S., Couturier, A., Samozino, P., Brughelli, M., and Rabita
G. (2015). Acceleration capability in elite sprinters and ground impulse: Push more, brake
less?. Journal of biomechanics, 48(12), 3149-3154.
https://doi.org/10.1016/j.jbiomech.2015.07.009.

Nagahara, R., Matsubayashi, T., Matsuo, A., Zushi, K. (2014). Kinematics of transition during human
accelerated sprinting. Biology open, 3(8), 689-699. https://doi.org/10.1242 /bio.20148284.

Neviantoko, G.Y., Mintarto, E., and Wiriawan, 0. (2020). The Effect of Five Cone Snake Drill, V-Drill And
Lateral Two In The Hole, In Out Shuffle Exercises on Agility and Speed. Multilateral Journal of
Physical Education and Sports, 19(2), 154. https://doi.org/10.20527 /multilateral.v19i2.9039.

Plotkin, D.L., Roberts, M.D., Haun, C.T., and Schoenfeld, B.J. (2021). Muscle Fiber Type Transitions with
Exercise Training: Shifting Perspectives. Sports (Basel, Switzerland), 9(9): 127.
https://doi.org/10.3390/sports9090127.

Putera, S.H.P., Setijono, H., Wiriawan, O., Nurhasan., Muhammad, H.N., Hariyanto, A., Sholikhah, A.M., and
Pranoto, A. (2023). Positive Effects of Plyometric Training on Increasing Speed, Strength and
Limb Muscles Power in Adolescent Males. Physical Education Theory and Methodology, 23(1),
42-48. https://doi.org/10.17309/tmfv.2023.1.06.

Ross, A, Leveritt, M., and Riek, S. (2001). Neural influences on sprint running: training adaptations and
acute responses. Sports medicine (Auckland, N.Z), 31(6), 409-425.
https://doi.org/10.2165/00007256-200131060-00002.

Shahrezaei, V., Cao, A., and Delaney, K.R. (2006). CaZ+ from one or two channels controls fusion of a
single vesicle at the frog neuromuscular junction. The Journal of neuroscience : the official journal
of the Society for Neuroscience, 26(51), 13240-13249.
https://doi.org/10.1523 /JNEUROSCI.1418-06.2006.

NI
K 1386
Mt



2025 (Diciembre), Retos, 73, 1379-1387 ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

Skelly, L.E., Gillen, ].B., Frankish, B.P., Maclnnis, M.]., Godkin, F.E., Tarnopolsky, M.A., Murphy, R.M.,
Gibala, M.J. (2021). Human skeletal muscle fiber type-specific responses to sprint interval and
moderate-intensity continuous exercise: Acute and training-induced changes. Journal of Applied
Physiology, 130(4), 1001-1014. https://doi.org/JAPPL-00862-2020.

Sullivan, G.M., and Feinn, R. (2012). Using Effect Size-or Why the P Value Is Not Enough. Journal of
graduate medical education, 4(3): 279-282. https://doi.org/10.4300/]JGME-D-12-00156.1.

Suyoko, A., Alfan Triardhana, Y., Wahyu, T., Seputra, A., and Susilo, E.A. (2022). Monitoring the Physical
Condition of Shorinji Kempo Athlete Sports. Bravo’s Jurnal Program Studi Pendidikan Jasmani
dan Kesehatan, 10(4), 333. https://doi.org/10.32682/bravos.v10i4/2820.

Tam, C.K, and Yao, Z.F. (2024). Advancing 100m sprint performance prediction: A machine learning
approach to velocity curve modeling and performance correlation. PloS one, 19(5), e0303366.
https://doi.org/10.1371/journal.pone.0303366.

Tgnnessen, E., Haugen, T., and Shalfawi, S.A. (2013). Reaction time aspects of elite sprinters in athletic
world championships. Journal of strength and conditioning research, 27(4), 885-892.
https://doi.org/10.1519/]SC.0b013e31826520c3.

Wang, P,, Shi, C., Chen, ]., Gao, X., Wang, Z,, Fan, Y., and Mao, Y. (2024). Training methods and evaluation
of basketball players' agility quality: A systematic review. Heliyon, 10(1), e24296.
https://doi.org/10.1016/j.heliyon.2024.e24296.

Wuy, Y, Xu, Z, Liang, S., Wang, L., Wang, M,, Jia, H., Chen, X., Zhao, Z., and Liao, X. (2024). NeuroSeg-III:
efficient neuron segmentation in two-photon Ca2+imaging data using self-supervised
learning. Biomedical optics express, 15(5), 2910-2925. https://doi.org/10.1364/B0OE.521478.

Yeom, H.G.,, Kim, ].S., and Chung, C.K. (2020). Brain mechanisms in motor control during reaching
movements: Transition of functional connectivity according to movement states. Scientific
Reports, 10(1), 567. https://doi.org/10.1038/s41598-020-57489-7.

Yilmaz, O., Soyluy, Y., Erkmen, N., Kaplan, T., and Batalik, L. (2024). Effects of proprioceptive training on
sports performance: a systematic review. BMC sports science, medicine & rehabilitation, 6(1),
149. https://doi.org/10.1186/s13102-024-00936-z.

Zhou, ]. (2021). Ca2+-mediated coupling between neuromuscular junction and mitochondria in skeletal
muscle. Neuroscience letters, 754, 135899. https://doi.org/10.1016/j.neulet.2021.135899.

Authors' and translators' details:
[

Andri Suyoko andrisuyoko@unesa.ac.id Author

Adi Pranoto adipranoto@unesa.ac.id Author

Rudi Mas Bagus rudimas.20012@mbhs.unesa.ac.id Author

Fansah Adila fansah.adila@lecturer.unri.ac.id Author

Dony Andrijanto donyandrijanto@unesa.ac.id Author

Junaidi Budi Prihanto junaidibudi@unesa.ac.id Author

Nur Salsabila Rhesa Pandhadha Putra nurputra@unesa.ac.id Author

Pudjijuniarto pudjijuniarto@unesa.ac.id Author

Hijrin Fithroni hijrinfithroni@unesa.ac.id Author

Bekir Erhan Orhan bekirerhanorhan@aydin.edu.tr Author
Rahmatya Ikhwanurrosida lingolinkpro@gmail.com Translator

NI
d 1387
Mt




