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Abstract 

Introduction: Collegiate football performance is characterized by repeated sprinting and fre-
quent changes of direction, imposing high neuromuscular demands related to explosive force 
production and rapid movement execution. 
Objective: The primary objective of this study was to examine the relationships between varia-
bles derived from the drop jump test and multidimensional sprint and change-of-direction per-
formance in male collegiate football players. 
Methodology: A cross-sectional correlational design was applied with thirty-five male colle-
giate football players. Participants completed a drop jump assessment, sprint tests over multi-
ple distances, and several standardized change-of-direction tests. Correlation analyses and ex-
planatory regression models were conducted. 
Results: Jump height was identified as the primary explanatory indicator of maximal sprint per-
formance over forty meters. In contrast, the reactive strength index consistently explained per-
formance across multiple change-of-direction tasks. No significant relationships were observed 
with short-distance sprint performance. 
Discussion: These findings are consistent with previous research indicating distinct neuromus-
cular demands for sprinting and directional changes. 
Conclusions: The results demonstrated task-specific relationships between drop jump varia-
bles and football performance. Jump height was associated with maximal sprint capability, 
while the reactive strength index was more strongly related to change-of-direction perfor-
mance. Task-specific interpretation of neuromuscular assessments is essential. 

Keywords 

Drop jump; reactive strength index; sprint performance; change-of-direction ability; stretch–
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Resumen 

Introducción: El rendimiento en el fútbol universitario se caracteriza por acciones repetidas de 
sprint y frecuentes cambios de dirección, lo que impone elevadas demandas neuromusculares 
relacionadas con la producción de fuerza explosiva y la ejecución rápida del movimiento. 
Objetivo: El objetivo principal de este estudio fue examinar las relaciones entre las variables 
derivadas de la prueba de drop jump y el rendimiento multidimensional en sprint y cambio de 
dirección en futbolistas universitarios masculinos. 
Metodología: Se aplicó un diseño correlacional transversal con treinta y cinco futbolistas uni-
versitarios masculinos. Los participantes realizaron una evaluación de drop jump, pruebas de 
sprint en múltiples distancias y varias pruebas estandarizadas de cambio de dirección. Se lleva-
ron a cabo análisis de correlación y modelos de regresión explicativa. 
Resultados: La altura de salto se identificó como el principal indicador explicativo del rendi-
miento en el sprint máximo de cuarenta metros. En contraste, el índice de fuerza reactiva ex-
plicó de forma consistente el rendimiento en múltiples tareas de cambio de dirección. No se 
observaron relaciones significativas con el rendimiento en sprints de corta distancia. 
Discusión: Estos resultados son coherentes con investigaciones previas que indican demandas 
neuromecánicas diferenciadas para el sprint y el cambio de dirección. 
Conclusiones: Los resultados demostraron relaciones específicas según la tarea entre las vari-
ables del drop jump y el rendimiento en fútbol. La altura de salto se asoció con la capacidad de 
sprint máximo, mientras que el índice de fuerza reactiva se relacionó más estrechamente con 
el rendimiento en cambio de dirección. La interpretación específica de la tarea resulta esencial 
en la evaluación neuromuscular. 

Palabras clave 

Drop jump; Índice de fuerza reactiva; rendimiento en sprint; capacidad de cambio de dirección; 
ciclo de estiramiento–acortamiento.
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Introduction

Football performance in contemporary collegiate sport is characterized by repeated short-distance 
sprints, rapid accelerations and decelerations, frequent changes of direction, and physical contacts, 
requiring high levels of speed, agility, and responsiveness (Popowczak et al., 2021). These inter-
mittent high-intensity actions impose substantial demands on multiple energy systems, necessitat-
ing the coordinated contribution of the ATP–PCr, anaerobic glycolytic, and aerobic pathways to 
support explosive efforts and recovery throughout match play (Potisaen et al., 2025). Football-spe-
cific research has identified sprint speed, change-of-direction (COD) ability, agility, and intermit-
tent endurance as key determinants of performance, with training interventions incorporating 
high-intensity running, directional changes, and eccentric–multidirectional loading demonstrating 
meaningful improvements in sprint- and COD-related outcomes during the competitive season 
(Paprancová et al., 2025; González Alcántara et al., 2025). Accordingly, collegiate football players 
must develop well-rounded sprint, COD, and explosive strength capacities to meet the physical and 
mechanical demands of modern match play (Ramírez-Campillo et al., 2018).  

Football match performance is dominated by high-intensity actions over short distances, typically 
ranging from 5 to 20 m, combined with rapid movement initiation, braking, and directional changes 
at angles between 90° and 180° (Bradley et al., 2013; Harper & Kiely, 2018). Importantly, sprint 
performance in football should not be conceptualized as a single, uniform quality. Rather, it com-
prises distinct performance components, including reaction speed during movement initiation, ac-
celeration capacity over short distances, and maximal sprint speed achieved over longer distances 
(Lee et al., 2024; Repullo et al., 2025). Each component reflects different mechanical and neuro-
muscular demands, highlighting the importance of assessing sprint performance across multiple 
distances to accurately profile football-specific speed capabilities (Morin et al., 2021; Barrera et al., 
2023). 

Similarly, COD performance represents a complex and multidimensional physical attribute (Healy 
et al., 2018; Healy et al., 2019). Different COD tests emphasize distinct mechanical requirements, 
such as braking efficiency, rapid force reapplication during re-acceleration, trunk and lower-limb 
control, and coordination across multiple planes of movement (Dos’ Santos et al., 2020; Čaušević 
et al., 2023). Consequently, reliance on a single COD assessment may fail to capture the full scope 
of an athlete’s directional change ability (Kozinc & Šarabon, 2022). The use of multiple COD tests, 
including the 505 Agility Test, T-Test, Illinois Agility Test, Semo Test, and Arrowhead Agility Test, 
enables a more comprehensive evaluation of the diverse neuromuscular and biomechanical factors 
underlying COD performance in football (Apte et al., 2023; Singh et al., 2024).  

Both sprint and COD performance are strongly influenced by the biomechanical and neuromuscular 
mechanisms governing movement execution, particularly the stretch–shortening cycle (SSC). The SSC 
involves a rapid eccentric muscle action followed immediately by a concentric contraction, facilitating 
enhanced force production, efficient energy transfer, and rapid movement execution (Ramírez-Campillo 
et al., 2023; Zheng et al., 2025). Efficient SSC function is critical for explosive actions, rapid braking, and 
quick re-acceleration, which are fundamental to football performance (Pedley et al., 2022; Moeskops et 
al., 2022). Among field-based assessments, the drop jump test is widely used as a specific indicator of 
SSC efficiency, reflecting the neuromuscular system’s ability to absorb and reapply force within very 
short ground contact times. 
The drop jump test allows for the assessment of several key SSC-related variables, including jump 
height, flight time, ground contact (or contraction) time, peak power, and the reactive strength index 
(RSI) (Pedley et al., 2022; Moeskops et al., 2022; Southey et al., 2024). These variables provide insight 
into neuromuscular function and have been increasingly applied to evaluate performance potential in 
sports requiring speed, explosive strength, and rapid directional changes. Previous research has con-
sistently reported negative relationships between drop jump–derived indicators of SSC function (par-
ticularly RSI, jump height, and contact time) and sprint or COD outcomes, suggesting that superior SSC 
function is generally associated with faster sprint times and more efficient directional changes (Douglas 
et al., 2021; Jarvis et al., 2022). 
However, the magnitude and consistency of these relationships vary across sprint distances, COD test 
designs, and the specific drop jump variables examined. Many previous studies have focused on a limited 
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subset of SSC-related variables or employed restricted sprint and COD assessments, thereby limiting the 
ability to fully explain the neuromechanical contributions of SSC function to football-specific perfor-
mance (Healy et al., 2018; Healy et al., 2019). Moreover, much of the existing literature has relied pri-
marily on bivariate correlation analyses, offering limited insight into the explanatory contribution of 
drop jump variables for sprint and COD performance. Variations in testing protocols, measurement 
equipment, and heterogeneous participant samples further constrain the generalizability of findings, 
particularly for clearly defined populations such as collegiate football players (McFarland et al., 2016; 
Bishop et al., 2019; Falces-Prieto et al., 2022; Čaušević et al., 2023; Gísladóttir et al., 2024). 

From a practical perspective, identifying which drop jump variables are most informative for per-
formance assessment and athlete monitoring may enhance the practical value of drop jump testing 
in collegiate football. Collegiate football players represent a critical developmental stage in which 
neuromuscular characteristics remain highly adaptable, making this population particularly rele-
vant for understanding the neuromuscular determinants underlying sprint and change-of-direc-
tion performance. Despite the increasing use of drop jump assessments, there remains a lack of 
integrated explanatory analyses examining comprehensive sets of SSC-related variables alongside 
multidimensional sprint and COD outcomes within this population. 

Therefore, the primary objective of this study was to examine the relationships between variables 
derived from the drop jump test and multidimensional sprint and change-of-direction performance 
in male collegiate football players. This objective was addressed by evaluating sprint performance 
across multiple distances to represent distinct speed components, assessing change-of-direction 
performance using a battery of standardized COD tests with different mechanical demands, and 
identifying influential drop jump–derived variables associated with sprint and COD outcomes using 
explanatory regression analyses. 

 

Method 

Study Design 

A cross-sectional correlational research design was employed to examine the relationships be-
tween drop jump–derived variables and sprint as well as change-of-direction (COD) performance 
in male collegiate football players. In addition, explanatory regression analyses were conducted to 
identify influential drop jump–derived variables associated with sprint and COD performance out-
comes. All testing procedures were conducted under standardized conditions during the competi-
tive season. 

Participants 

Thirty-five male collegiate football players (n = 35) voluntarily participated in this study. All par-
ticipants were actively competing at the university level and engaged in regular football training at 
the time of data collection. Prior to participation, all players received detailed information regard-
ing the study procedures, potential risks, and benefits, and provided written informed consent. The 
study protocol was approved by the Human Research Ethics Committee of Nakhon Ratchasima Ra-
jabhat University (Thailand) under project number HE-RDI-NRRU.042/2569 and conducted in ac-
cordance with the principles of the Declaration of Helsinki. 

Procedure 

All testing procedures were conducted in accordance with the study protocol and completed within 
a single testing session. To minimize fatigue and potential order effects, the test battery was orga-
nized from lower to higher metabolic demand, beginning with the drop jump assessment, followed 
by linear sprint tests, and concluding with change-of-direction (COD) tests. Prior to testing, all par-
ticipants completed a standardized dynamic warm-up lasting approximately 10 minutes, consist-
ing of light aerobic activity, dynamic stretching, and progressive acceleration drills. 

Participants were instructed to refrain from strenuous physical activity for at least 24–48 hours 
before testing, to maintain their usual hydration and dietary habits, and to wear the same footwear 
throughout all performance assessments. All tests were performed at the same time of day and 
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under consistent environmental conditions to minimize variability related to circadian rhythm and 
testing environment. 

A familiarization procedure was implemented prior to data collection. Participants received stand-
ardized verbal instructions and demonstrations for each test and completed two submaximal prac-
tice trials before recorded attempts. This procedure was intended to ensure task understanding, 
technical consistency, and to minimize potential learning effects during data collection. 

For each performance assessment, participants completed two to three maximal trials, as specified 
for each test, and the best performance was retained for subsequent statistical analyses. Rest in-
tervals of approximately 2 minutes were provided between repeated trials of the same test. To 
further reduce residual fatigue, additional rest periods of approximately 3 minutes were provided 
between different test categories, particularly following longer sprint efforts and COD tasks, which 
impose greater neuromuscular and mechanical demands. 

All performance tests were administered and supervised by experienced investigators trained in 
sport performance assessment. One investigator was responsible for providing standardized in-
structions and start signals, while additional personnel assisted with equipment setup, timing sys-
tems, and monitoring test execution to ensure consistency and participant safety throughout the 
testing session. 

Drop Jump Test 

The drop jump test was performed to assess neuromuscular performance related to the stretch–
shortening cycle (SSC). Participants stepped off a standardized platform with a height of 40 cm and 
immediately executed a maximal vertical jump upon ground contact, with explicit instructions to 
minimize ground contact time while maximizing jump height. The drop jump protocol, including 
platform height selection and execution instructions, followed established procedures commonly 
used in neuromuscular performance assessment (Markwick et al., 2015). 

Drop jump performance was measured using a force plate system (ForceDecks, VALD Performance, 
Australia), which enabled the quantification of SSC-related kinetic and temporal variables. The sys-
tem recorded flight time, ground contact time (contraction time), jump height, peak power, and the 
reactive strength index (RSI), consistent with biomechanical principles describing force production 
and energy transfer during SSC actions (Bobbert et al., 1987). Each participant performed two trials 
with a two-minute rest interval between trials, and the best performance for each variable was 
retained for subsequent statistical analyses. 

Sprint Performance Tests 

Sprint performance was assessed across multiple distances to reflect distinct components of foot-
ball-specific speed. Short-distance acceleration performance was evaluated using sprint split times 
over 0–5 m and 0–10 m, representing initial acceleration and start performance rather than true 
reaction time, as timing gates were triggered by movement initiation. Acceleration ability was fur-
ther assessed over 20 m and 30 m, while maximal sprint speed was evaluated using a 40 m sprint 
and a flying 20 m sprint. 

For the flying 20 m sprint, participants completed a 20-m build-up phase to achieve near-maximal 
running velocity, followed immediately by a 20-m timed section during which sprint time was rec-
orded. This procedure ensured that the measured sprint time reflected maximal running speed ra-
ther than acceleration capacity. 

All sprint times were recorded using an electronic dual-beam timing gate system (SmartSpeed, 
VALD Performance, Australia) with a temporal resolution of 0.01 s. The dual-beam configuration 
was employed to minimize false triggering caused by arm swing or trunk movement during sprint 
initiation. Sprint performance outcomes were expressed as time (s), with lower values indicating 
superior performance. 

Change-of-Direction Tests 

Change-of-direction (COD) performance was evaluated using a battery of standardized tests, in-
cluding the 505 Agility Test, Semo Test, T-Test, Illinois Agility Test, and Arrowhead Agility Test. 
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These tests were selected to capture the multidimensional nature of COD performance in football, 
emphasizing distinct mechanical demands such as braking efficiency, rapid re-acceleration, trunk 
control, and multi-planar movement coordination. 

The 505 Agility Test was used to assess high-intensity braking and 180° turning ability (Živković 
et al., 2025). The T-Test evaluated multidirectional COD ability involving forward, lateral, and back-
ward movements (Sassi et al., 2009). The Illinois Agility Test assessed complex agility patterns re-
quiring rapid changes of direction under spatial constraints (Hachana et al., 2013). Multidirectional 
movement capacity was further assessed using the Semo Test (Tulyakul & Thammathes, 2024). In 
addition, the Arrowhead Agility Test evaluated angled and diagonal COD performance relevant to 
football match play (Rago et al., 2020). 

All COD tests were conducted according to established protocols. Each test was performed for mul-
tiple trials, with a two-minute rest interval between trials, and the best performance (fastest com-
pletion time) was retained for subsequent statistical analyses. Performance outcomes were rec-
orded as completion time (s), with lower values indicating superior COD performance.  

Data analysis 

Descriptive statistics were calculated for all variables and are presented as mean ± standard devi-
ation. Normality of data distribution was assessed using the Shapiro–Wilk test. 

Pearson’s product–moment correlation coefficients were used to examine relationships between 
drop jump variables and sprint as well as COD performance measures. To address the explanatory 
aims of the study, multiple linear regression analyses were conducted to evaluate the relative ex-
planatory contribution of drop jump–derived variables to sprint and COD performance outcomes. 

Prior to regression analyses, multicollinearity was examined using variance inflation factor (VIF) 
values, with VIF < 5 considered acceptable. A stepwise regression method was employed to identify 
influential predictors. Model fit was evaluated using the coefficient of determination (R²), adjusted 
R², and standard error of estimate (SEE). Statistical significance was set at p < 0.05. All analyses 
were performed using SPSS software (version 26.0; IBM Corp., Armonk, NY, USA). Regression anal-
yses were interpreted as explanatory rather than predictive. 

 

Results 

Descriptive Statistics and Normality 

The physical characteristics and performance descriptive statistics of the male collegiate football 
players (n = 35) are presented in Table 1. All variables demonstrated normal distributions accord-
ing to the Shapiro–Wilk test (p > 0.05), supporting the use of parametric statistical analyses. 

 

Table 1. Descriptive statistics of physical characteristics and performance variables in male collegiate football players (n = 35). 

Variable Mean ± SD 
95% CI 

[Lower, Upper] 
Range 

(Min–Max) 
Physical Characteristics 

Age (years) 19.94 ± 0.54 [19.76, 20.12] 19 – 21 
Body Mass (kg) 65.06 ± 8.44 [62.26, 67.85] 51 – 87 

Height (cm) 174.06 ± 3.76 [172.81, 175.30] 168 – 181 
Drop Jump Variables 

Jump Height (cm) 33.47 ± 7.08 [31.04, 35.91] 19.8 – 45.0 
Contact Time (ms) 485.60 ± 103.14 [450.17, 521.03] 252 – 646 

Reactive Strength Index (RSI) 0.73 ± 0.26 [0.65, 0.82] 0.35 – 1.30 
Sprint Performance (s) 

5 m Split 0.99 ± 0.06 [0.97, 1.01] 0.90 – 1.15 
10 m Split 1.76 ± 0.11 [1.72, 1.80] 1.53 – 2.00 

40 m Sprint 5.70 ± 0.36 [5.58, 5.83] 5.01 – 6.61 
Flying 20 m 2.46 ± 0.30 [2.36, 2.57] 1.88 – 3.34 

Change-of-Direction Performance (s) 
505 Agility Test 2.86 ± 0.23 [2.78, 2.94] 2.45 – 3.38 

T-Test 11.37 ± 0.70 [11.13, 11.61] 9.38 – 12.63 
Illinois Agility Test 17.78 ± 1.20 [17.39, 18.19] 16.17 – 21.70 

SEMO Test 12.46 ± 0.97 [12.13, 12.79] 10.25 – 14.23 
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Arrowhead Agility Test 9.65 ± 0.67 [9.42, 9.88] 8.25 – 11.42 
Note: SD = standard deviation; CI = confidence interval; RSI = reactive strength index. All sprint and change-of-direction variables are expressed 
as time-based outcomes (s), where lower values indicate superior performance. For bilateral COD tests (505 and Arrowhead), mean values of 
left and right directions were used for analysis. 

 

Relationships Between Drop Jump Variables and Performance 

Pearson correlation analysis revealed significant relationships between drop jump–derived varia-
bles and both sprint and change-of-direction (COD) performance (Table 2). 

 

Table 2. Pearson’s correlation coefficients between drop jump variables and sprint and change-of-direction performance (n = 35) 
Drop Jump Variables 5 m 10 m 40 m Flying 20 m 505 T-Test Illinois SEMO Arrowhead 

Jump Height (cm) 0.07 −0.03 −0.42* −0.21 −0.37* −0.28 −0.31 −0.15 −0.38* 
Contact Time (ms) 0.06 0.08 0.17 −0.01 0.02 0.40* 0.35* 0.21 0.20 

Reactive Strength Index (RSI) 0.04 −0.04 −0.38* −0.17 −0.24 −0.51* −0.42* −0.25 −0.37* 
Note: Values are Pearson correlation coefficients (r). Statistical significance was set at p < 0.05. All sprint and change-of-direction variables are 
expressed as time-based outcomes (s), where lower values indicate superior performance. For bilateral change-of-direction tests (505 and 
Arrowhead), mean values of left and right directions were used for analysis. 

 

Sprint Performance 

Jump height demonstrated a significant moderate negative correlation with 40 m sprint time (r = 
−0.42, p < 0.05). Reactive strength index (RSI) also showed a significant moderate negative associ-
ation with 40 m sprint time (r = −0.38, p < 0.05). No significant relationships were observed be-
tween drop jump variables and short-distance sprint splits (5 m and 10 m) or flying 20 m sprint 
performance (all p > 0.05). 

Change-of-Direction Performance 

Jump height exhibited significant moderate negative correlations with the 505 Agility Test (mean 
of left and right directions; r = −0.37, p < 0.05) and the Arrowhead Agility Test (mean of left and 
right directions; r = −0.38, p < 0.05). 

RSI demonstrated the strongest associations with COD performance, showing significant negative 
correlations with the T-Test (r = −0.51, p < 0.05), Illinois Agility Test (r = −0.42, p < 0.05), and 
Arrowhead Agility Test (r = −0.37, p < 0.05). 

Ground contact time exhibited significant positive correlations with T-Test (r = 0.40, p < 0.05) and 
Illinois Agility Test performance (r = 0.35, p < 0.05). 

Explanatory Regression Models of Sprint and Change-of-Direction Performance 

Stepwise multiple regression analyses were performed to examine the explanatory contribution of 
drop jump–derived variables to sprint and change-of-direction (COD) performance in male colle-
giate football players. Separate regression models were developed for sprint performance and COD 
outcomes to ensure clarity of interpretation and alignment with the study objectives. Regression 
analyses were conducted to identify influential drop jump–derived variables explaining variance 
in sprint and COD performance rather than to establish explicit predictive equations. 

Prior to model estimation, multicollinearity diagnostics confirmed acceptable independence 
among predictors, with all variance inflation factor (VIF) values well below the recommended 
threshold (VIF < 5). Assumptions of linearity, normality of residuals, and homoscedasticity were 
satisfied for all models. 

Sprint Performance (Explanatory Model) 

For sprint performance, stepwise regression analysis identified jump height as the only significant 
predictor of 40-m sprint performance (Table 3). The final model accounted for 17.3% of the vari-
ance in 40-m sprint time (R² = 0.173, adjusted R² = 0.148), and the overall model was statistically 
significant (F = 6.92, p = 0.013), with a standard error of the estimate (SEE) of 0.31 s. 
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Jump height demonstrated a moderate negative standardized association with 40-m sprint time (β 
= −0.42), indicating that athletes who achieved greater jump heights during the drop jump tended 
to exhibit superior maximal sprint performance. Reactive strength index (RSI) and ground contact 
time were not retained in the final model after accounting for shared variance among predictors, 
suggesting that jump height represented the most relevant drop jump–derived indicator for maxi-
mal sprint performance in the present sample. 

Change-of-Direction Performance (Explanatory Models) 

Stepwise regression analyses revealed reactive strength index (RSI) as the most consistent predic-
tor of COD performance across all tested tasks (Table 4). For the T-Test, RSI was retained as the 
sole predictor, explaining 26.0% of the variance in performance (R² = 0.260, adjusted R² = 0.237). 
The model was statistically significant (F = 11.57, p = 0.002), with an SEE of 0.59 s. The standard-
ized regression coefficient indicated a strong negative association between RSI and T-Test comple-
tion time (β = −0.51). 

Similarly, RSI was retained as a significant explanatory variable for Illinois Agility Test perfor-
mance, accounting for 17.9% of the variance (R² = 0.179, adjusted R² = 0.154; F = 7.18, p = 0.011; 
SEE = 0.78 s). For the Arrowhead Agility Test, RSI was again retained as a significant predictor, 
explaining 13.5% of the variance in performance (R² = 0.135, adjusted R² = 0.109; F = 5.15, p = 
0.030; SEE = 0.52 s). 

Across all COD models, higher RSI values were consistently associated with shorter completion 
times, indicating superior reactive strength characteristics. Jump height and ground contact time 
were not retained as independent predictors in the final COD regression models once the contribu-
tion of RSI was considered. 

Model Diagnostics and Statistical Considerations 

All regression models satisfied key statistical assumptions, and multicollinearity diagnostics indi-
cated robust predictor independence, with VIF values below 2.0 across all analyses. Given the mod-
erate effect sizes observed and the number of predictors retained, the sample size (n = 35) was 
considered sufficient to detect meaningful explanatory associations in the regression analyses. 

 

Table 3. Stepwise regression model predicting sprint performance (n = 35). 
Dependent Variable Predictor β R² Adj. R² F p SEE (s) 

40 m Sprint Jump Height −0.42 0.173 0.148 6.92 0.013 0.31 
Note: Values are presented as standardized regression coefficients (β). The coefficient of determination (R²) reflects the proportion of variance 
explained by the predictor retained in the explanatory model. SEE represents the standard error of the estimate. The regression models were 
interpreted as explanatory rather than strictly predictive. 

 

Table 4. Stepwise regression models predicting change-of-direction performance (n = 35). 
Dependent Variable Predictor β R² Adj. R² F p SEE (s) 

T-Test RSI −0.51 0.260 0.237 11.57 0.002 0.59 
Illinois Agility RSI −0.42 0.179 0.154 7.18 0.011 0.78 

Arrowhead RSI −0.37 0.135 0.109 5.15 0.030 0.52 
Note: Simple linear regression analyses were conducted separately for each change-of-direction (COD) performance variable. Only one predic-
tor was entered into each model to align with the study objectives. β = standardized regression coefficient; R² = coefficient of determination; 
SEE = standard error of the estimate. Statistical significance was accepted at p < 0.05 

 

Discussion 

Previous research has consistently demonstrated that sprint and change-of-direction (COD) per-
formance are underpinned by distinct neuromuscular and mechanical demands. Contemporary 
frameworks of neuromuscular specificity suggest that performance indicators should be inter-
preted in relation to the task-specific requirements of force production, force absorption, and tem-
poral constraints. In this context, drop jump–derived variables have been widely used to charac-
terize lower-limb neuromuscular function; however, their relevance appears to differ depending 
on whether the performance task emphasizes maximal speed or rapid deceleration–reacceleration. 
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Accordingly, examining how different drop jump–derived metrics relate to sprint and COD perfor-
mance may provide important insight into task-specific neuromuscular determinants in football 
players. 

With respect to sprint performance, associations between vertical jump height and maximal sprint 
speed are well documented in the literature. In Division I track and field athletes, vertical jump 
height has demonstrated a strong positive relationship with maximal sprint speed over 60 m (r = 
0.74), indicating that athletes with superior lower-limb explosive power attain higher running ve-
locities during maximal sprinting (Bartosz et al., 2024). Similar evidence has been reported in elite 
sprinters, where countermovement and squat jump variables particularly jump height and flight 
time were significantly associated with sprint acceleration kinetics, supporting the use of vertical 
jump metrics as practical indicators of sprint-related neuromuscular capacity (He et al., 2025). Alt-
hough these findings primarily emphasize acceleration-phase characteristics, they reflect underly-
ing force–velocity capabilities that also contribute to maximal sprint performance. 

In adolescent male football players, squat jump height emerged as the strongest predictor of both 
35-m linear sprint time and agility performance after controlling for age and body composition, 
further highlighting the importance of lower-limb explosive strength for high-speed running tasks 
(França et al., 2022). Collectively, this body of evidence supports the interpretation that jump 
height, as an indicator of explosive power, plays a meaningful role in maximal sprint performance 
and is consistent with neuromuscular models emphasizing the force–velocity characteristics of the 
lower limbs in sprinting (Li et al., 2025). 

In contrast, more recent evidence indicates that reactive strength–related variables exhibit phase-
specific associations with sprint performance, contributing more strongly to acceleration than to 
maximal-speed capability. For example, unilateral reactive strength index (RSI) of the ankle plantar 
flexors has shown large correlations with 20 m sprint time and 10–20 m acceleration in team-sport 
athletes, underscoring the importance of rapid force production during the early acceleration 
phase rather than at top speed (Vecbērza et al., 2025). Similarly, horizontal and rebound-based RSI 
measures demonstrate small-to-moderate relationships with sprint split times across 100 m, sug-
gesting that reactive strength supports sprinting performance but does not uniquely explain max-
imal velocity once other strength–power qualities are considered (Ciacci et al., 2024). Consistent 
with this interpretation, a recent meta-analysis reported only moderate associations between RSI 
and both acceleration and top speed, with stronger relationships observed for change-of-direction 
performance than for maximal linear sprinting, highlighting task- and phase-specific neuromuscu-
lar demands (Jarvis et al., 2022). 

Contemporary biomechanical evidence further supports this distinction by differentiating the neu-
romuscular requirements of acceleration and maximal sprint speed. Initial acceleration appears to 
depend more heavily on the capacity to rapidly generate horizontal force, whereas maximal sprint-
ing is more strongly related to overall force magnitude, vertical stiffness, and impulse production 
over very short ground contact times (Takai et al., 2025; Katsuge et al., 2025; Cabarkapa et al., 
2025). This distinction may help explain why RSI and ground contact time were not retained as 
independent predictors of 40 m sprint performance in the present study once shared variance with 
concentric force and power variables was accounted for. Collectively, these findings reinforce the 
view that maximal sprint performance is more closely associated with concentric force and power 
output and the global force–velocity profile of the lower limbs than with rapid stretch–shortening 
cycle efficiency alone (Douglas et al., 2021; Takai et al., 2025). 

In contrast to sprint performance, reactive strength index (RSI) emerged as the most consistent 
predictor of change-of-direction (COD) performance across all tested agility tasks, aligning with 
meta-analytic evidence demonstrating a large negative association between RSI and COD speed (r 
≈ −0.57) (Chen et al., 2023). This finding is strongly supported by recent research highlighting the 
importance of reactive strength and stretch–shortening cycle (SSC) efficiency for agility and direc-
tional change ability, as COD tasks require rapid deceleration–reacceleration under short ground-
contact constraints (Hornikova et al., 2021; Barrera-Domínguez et al., 2024). Specifically, COD per-
formance in tasks involving 180° turns and shuttle-type maneuvers has been linked to an athlete’s 
capacity to efficiently utilize the SSC, as reflected by higher RSI values (Šarabon et al., 2022). Em-
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pirical studies and systematic reviews consistently report that athletes with superior RSI demon-
strate better performance in COD and agility tests (e.g., Illinois test, pro-agility, 505), and that train-
ing interventions shown to enhance RSI such as plyometric or combined balance plyometric train-
ing also lead to concurrent improvements in COD performance (Guo et al., 2021). 

Spiteri et al. (2015) demonstrated that change-of-direction (COD) performance is strongly influ-
enced by eccentric strength and an athlete’s ability to tolerate high braking forces, particularly dur-
ing rapid directional changes. More recent evidence has confirmed that eccentric capabilities and 
braking impulse explain a substantial proportion of variance in COD performance, especially dur-
ing sharper cuts and at higher approach speeds (Smajla et al., 2022; Kurosaki et al., 2025). Reactive 
strength index (RSI) captures these neuromuscular characteristics by reflecting the efficiency of 
force absorption and reutilization during brief ground contact phases of fast stretch–shortening 
cycle actions and has been shown to exhibit large negative associations with COD speed in both 
meta-analytic and review evidence (Ramirez-Campillo et al., 2023). The present findings extend 
this body of literature by demonstrating that RSI remains a significant predictor across multiple 
COD tests with varying movement patterns. This supports its role, as highlighted in recent system-
atic reviews and task-specific investigations, as a robust indicator of agility-related neuromuscular 
capacity rather than merely a test-specific performance characteristic (Yamashita et al., 2024). 

The absence of jump height as an independent predictor of change-of-direction (COD) performance 
is also consistent with more recent evidence indicating that countermovement jump (CMJ) height 
and related jump metrics display only moderate associations with COD outcomes and explain rel-
atively small proportions of variance once sprint or strength-related variables are included in mul-
tivariate models (Suarez-Arrones et al., 2020; Gisladottir et al., 2024). Although jump height re-
flects maximal concentric power, COD performance requires rapid force modulation, eccentric con-
trol, and efficient stretch–shortening cycle function, which are more accurately indexed by reactive 
strength–based measures. Indeed, meta-analytic and systematic evidence indicates that reactive 
strength index (RSI) exhibits substantially stronger (large) negative associations with COD speed 
than vertical jump height per se (Nishiumi et al., 2023). The present findings therefore reinforce 
the view that these neuromuscular qualities are more effectively captured by RSI than by jump 
height alone. 

Taken together, these findings support contemporary frameworks of neuromuscular specificity, 
which emphasize that performance indicators should be interpreted in relation to the mechanical 
and temporal demands of the task (Chua et al., 2025). Although jump height and reactive strength 
index (RSI) are derived from the same drop jump assessment, they represent distinct neuromus-
cular constructs with different performance relevance. Jump height primarily reflects maximal con-
centric force and power production, whereas RSI captures the efficiency of force absorption and 
reutilization under time-constrained stretch–shortening cycle conditions (Nishiumi et al., 2023). 
The present results empirically demonstrate that these constructs are differentially associated 
with sprint and change-of-direction performance, reinforcing the importance of aligning neuro-
muscular assessment metrics with the specific demands of each performance task. 

From an applied perspective, these findings align with contemporary intervention and review evi-
dence indicating that strength- and power-oriented training, including heavy or optimum-power 
resisted sprinting and resistance exercises, preferentially enhances maximal sprint performance 
(Haugen et al., 2019; Derakhti et al., 2021; Douglas et al., 2021). Collectively, the present results 
highlight the practical value of drop jump profiling for guiding evidence-based training decisions 
by distinguishing neuromuscular qualities relevant to sprint speed and change-of-direction perfor-
mance in collegiate football players. 

In contrast, plyometric and reactive training modalities appear particularly effective for improving 
change-of-direction (COD) ability, given their emphasis on rapid force absorption and reutilization 
(Nygaard Falch et al., 2019; Zheng et al., 2025). More recent meta-analytic evidence further sug-
gests that combined complex or contrast training methods integrating high-load strength exercises 
with high-velocity plyometric actions can elicit the largest improvements in COD performance in 
many team-sport athletes (Lin, Yan, Xu et al., 2025; Lin, Yan, Zhang et al., 2025). Accordingly, prac-
titioners should select both assessment metrics and training strategies that are closely aligned with 
the specific sprint and COD demands of their athletes. 
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Limitations 

The use of stepwise regression, although effective for identifying influential predictors, is inher-
ently data-driven and sensitive to sample characteristics. As a result, the retained models may vary 
depending on the specific composition of the cohort, and the identified predictors should be inter-
preted as context-specific rather than universally generalizable (Babyak, 2004). 

The present study was limited to male collegiate football players. Emerging evidence suggests that 
the relationships between jump performance and sprint or change-of-direction (COD) outcomes 
may differ across sex, maturation status, competitive level, and sport-specific demands (Dos’ San-
tos et al., 2018; Falces-Prieto et al., 2022; Tingelstad et al., 2025). Therefore, caution is warranted 
when extrapolating the present findings to other athletic populations. 

Practical Recommendations for Coaches 

From a practical perspective, the present findings suggest that drop jump–derived metrics should 
be interpreted in a task-specific manner when profiling football players. Jump height obtained from 
the drop jump appears most informative for understanding maximal sprint performance, reflecting 
underlying concentric force and power qualities relevant to high-speed running. In contrast, reac-
tive strength index (RSI) provides a more meaningful indicator of change-of-direction (COD) abil-
ity, likely due to its representation of stretch–shortening cycle efficiency during rapid braking and 
re-acceleration tasks. 

Importantly, the lack of meaningful associations between drop jump variables and short-distance 
sprint performance indicates that early-phase acceleration is influenced by neuromechanical fac-
tors not captured by vertical drop jump assessments alone. Coaches are therefore encouraged to 
evaluate sprint performance across multiple distances and avoid using a single jump-based metric 
as a proxy for all sprint qualities. 

Collectively, these findings highlight the value of combining drop jump, sprint, and COD assess-
ments to differentiate neuromechanical qualities underpinning maximal speed and directional 
change performance. Such an integrated testing approach may support more targeted training pre-
scription, enabling practitioners to align strength-, power-, and plyometric-based interventions 
with the specific performance demands of their athletes. 

 

Conclusions 

This study examined the associations between drop jump–derived variables and multidimensional 
sprint and change-of-direction (COD) performance in male collegiate football players using corre-
lational and explanatory regression analyses. The primary finding supported task-specific neuro-
mechanical specificity: drop jump–derived jump height emerged as the main explanatory indicator 
of maximal sprint performance (40 m), whereas reactive strength index (RSI) was the most con-
sistent explanatory indicator of COD performance, being retained across the T-Test, Illinois Agility 
Test, and Arrowhead Agility Test models. Collectively, these results suggest that concentric power–
related characteristics are more closely aligned with maximal linear sprint capacity, whereas SSC 
efficiency captured by RSI is more strongly aligned with braking–re-acceleration demands inherent 
to COD tasks. 

In contrast, drop jump variables showed no significant associations with short-distance sprint 
splits (5 m and 10 m) or flying 20 m performance, indicating that early acceleration and maximal-
velocity sprinting may depend on additional determinants not captured by vertical drop jump out-
comes alone. From an applied perspective, drop jump profiling appears most informative when 
interpreted in a task-specific manner: jump height may support monitoring of maximal sprint-re-
lated power characteristics, whereas RSI may provide a practical neuromechanical indicator rele-
vant to COD capacity across multiple movement patterns. Given the cross-sectional design, these 
findings should be interpreted as context-specific associations, and future studies should verify 
their robustness across sex, competitive level, and sport contexts. 
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Future research should extend these findings using longitudinal and intervention designs to deter-
mine whether improvements in jump height or RSI are accompanied by meaningful changes in 
sprint and COD outcomes. In addition, integrating kinetic and kinematic analyses may help clarify 
the mechanisms underpinning the observed task-specific performance relationships. 

 

Acknowledgements 

The authors would like to express their sincere gratitude to all collegiate football players who vol-
untarily participated in this study for their time, commitment, and cooperation throughout the data 
collection process. The authors also extend their appreciation to the panel of experts for their val-
uable contributions to the review and validation of the research instruments. In addition, the au-
thors are grateful to Play Strong Performance Athletics, Bangkok, Thailand, for kindly providing 
access to performance assessment equipment used for data collection in this study. No financial 
support or commercial influence was involved in the conduct of this study. 

 

References 

Apte, S., Karami, H., Vallat, C., Gremeaux, V., & Aminian, K. (2023). In-field assessment of change-of-di-
rection ability with a single wearable sensor. Scientific reports, 13(1), 4518. 
https://doi.org/10.1038/s41598-023-30773-y 

Babyak, M. A. (2004). What you see may not be what you get: a brief, nontechnical introduction to 
 overfitting in regression-type models. Biopsychosocial Science and Medicine, 66(3), 411-421. 
 https://doi.org/10.1097/00006842-200405000-00021  

Barrera, J., Figueiredo, A. J., Duarte, J., Field, A., & Sarmento, H. (2023). Predictors of linear sprint 
 performance in professional football players. Biology of sport, 40(2), 359-364. 
 https://doi.org/10.5114/biolsport.2023.114289 

Barrera-Domínguez, F. J., Almagro, B. J., & Molina-López, J. (2024). The influence of functional move-
ment  and strength upon linear and change of direction speed in male and female basket-
ball  players. Journal of Human Kinetics, 92, 147. https://doi.org/10.5114/jhk/177313  

Bartosz, M., Latocha, A., Motowidło, J., Krzysztofik, M., & Zając, A. (2024). The relationship between 
 countermovement jump performance and sprinting speed in elite sprinters. Physical Activ-
ity  Review, 12(2), 29–37. https://doi.org/10.16926/par.2024.12.19 

Bishop, C., Turner, A., Maloney, S., Lake, J., Loturco, I., Bromley, T., & Read, P. (2019). Drop jump 
 asymmetry is associated with reduced sprint and change-of-direction speed performance 
in  adult female soccer players. Sports, 7(1), 29. 
https://doi.org/10.3390/sports7010029 

Bobbert, M. F., Huijing, P. A., & Van Ingen Schenau, G. J. (1987). Drop jumping. II. The influence of 
 dropping height on the biomechanics of drop jumping. Medicine and science in sports and 
 exercise, 19(4), 339-346. https://doi.org/10.1249/00005768-198708000-00004  

Bradley, P. S., Carling, C., Diaz, A. G., Hood, P., Barnes, C., Ade, J., Boddy, M., Krustrup, P., & Mohr, M. 
(2013).  Match performance and physical capacity of players in the top three compet-
itive standards of  English professional soccer. Human Movement Science, 32(4), 808–
821.  https://doi.org/10.1016/j.humov.2013.06.002 

Cabarkapa, D., Batra, A., Cabarkapa, D. V., & Fry, A. C. (2025). Comparison of lower-body neuromus-
cular  performance profiles between 100 m and 400 m Olympic sprinters. Frontiers in 
Sports and Active  Living, 7, 1672028. https://doi.org/10.3389/fspor.2025.1672028  

Čaušević, D., Čović, N., Abazović, E., Rani, B., Manolache, G. M., Ciocan, C. V., Zaharia, G., & Alexe, D. I. 
 (2023). Predictors of speed and agility in youth male basketball players. Applied 
 Sciences, 13(13), 7796. https://doi.org/10.3390/app13137796 

Chen, Z., Yin, M., Bishop, C., Ainsworth, B., & Li, Y. (2023). Association between lower body qualities 
and  change-of-direction performance: A meta-analysis. International Journal of Sports 
Medicine,  44(14), 1013–1033. https://doi.org/10.1055/a-2117-9490 

https://doi.org/10.1038/s41598-023-30773-y
https://doi.org/10.1097/00006842-200405000-00021
https://doi.org/10.5114/biolsport.2023.114289
https://doi.org/10.5114/jhk/177313
https://doi.org/10.16926/par.2024.12.19
https://doi.org/10.3390/sports7010029
https://doi.org/10.1249/00005768-198708000-00004
https://doi.org/10.1016/j.humov.2013.06.002
https://doi.org/10.3389/fspor.2025.1672028
https://doi.org/10.3390/app13137796
https://doi.org/10.1055/a-2117-9490


2026 (Abril), Retos, 77, 809-823  ISSN: 1579-1726, eISSN: 1988-2041 https://revistaretos.org/index.php/retos 

 820  
 

Chua, K., Leahey, S., Lum, D., Fahey, J., Buchheit, M., Laffer, J., Evans, M., Wannouch, Y., & Comfort, P. 
 (2025). Terminology and interpretation across neuromuscular profiling methods: A 
 systematic review. Sports Medicine. https://doi.org/10.1007/s40279-025-02330-2 

Ciacci, S., Nigro, F., & Bartolomei, S. (2024). A New Method for Evaluating the Reactive Strength 
Index in  Track and Field Sprinting: Relationships with Muscle Architecture. Applied 
Sciences, 14(8), 3232.  https://doi.org/10.3390/app14083232  

Derakhti, M., Bremec, D., Kambič, T., Ten Siethoff, L., & Psilander, N. (2021). Four weeks of power 
 optimized sprint training improves sprint performance in adolescent soccer  play-
ers. International journal of sports physiology and performance, 17(9), 1343-1351. 
 https://doi.org/10.1123/ijspp.2020-0959  

Dos' Santos, T., McBurnie, A., Thomas, C., Comfort, P., & Jones, P. A. (2020). Biomechanical determi-
nants  of the modified and traditional 505 change of direction speed test. The Journal of 
Strength &  Conditioning Research, 34(5), 1285-1296. 
https://doi.org/10.1519/jsc.0000000000003439 

Dos’ Santos, T., Thomas, C., Comfort, P., & Jones, P. A. (2018). Comparison of change of direction 
speed  performance and asymmetries between team-sport athletes: Application of change 
of direction  deficit. Sports, 6(4), 174. https://doi.org/10.3390/sports6040174  

Douglas, J., Ross, A., & Martin, J. C. (2021). Maximal muscular power: lessons from sprint cy-
cling. Sports  Medicine-Open, 7(1), 48. https://doi.org/10.1186/s40798-021-00341-7  

Falces-Prieto, M., González-Fernández, F. T., García-Delgado, G., Silva, R., Nobari, H., & Clemente, F. 
M.  (2022). Relationship between sprint, jump, dynamic balance with the change of di-
rection on  young soccer players' performance. Scientific Reports, 12(1), 12272. 
 https://doi.org/10.1038/s41598-022-16558-9  

França, C., Gouveia, É., Caldeira, R., Marques, A., Martins, J., Lopes, H., ... & Ihle, A. (2022). Speed and 
agility  predictors among adolescent male football players. International journal of environ-
mental  research and public health, 19(5), 2856. https://doi.org/10.3390/ijerph19052856  

Gisladottir, T., Petrović, M., Sinković, F., & Novak, D. (2024). The relationship between agility, linear 
 sprinting, and vertical jumping performance in U-14 and professional senior team sports 
 players. Frontiers in sports and active living, 6, 1385721. 
 https://doi.org/10.3389/fspor.2024.1385721  

González Alcántara, J. A., Núñez González, J. L., Valenzuela Barrero, C., & Núñez Sánchez, F. J. (2025). 

 Effects of 8 weeks in-season flywheel training on physical performance in female soccer 
players.  Retos, 66, 479–490. https://doi.org/10.47197/retos.v66.111034  

Guo, Z., Huang, Y., Zhou, Z., Leng, B., Gong, W., Cui, Y., & Bao, D. (2021). The effect of 6-week com-
bined  balance and plyometric training on change of direction performance of elite badmin-
ton  players. Frontiers in Psychology, 12, 684964. 
https://doi.org/10.3389/fpsyg.2021.684964  

Hachana, Y., Chaabène, H., Nabli, M. A., Attia, A., Moualhi, J., Farhat, N., & Elloumi, M. (2013). Test-
retest  reliability, criterion-related validity, and minimal detectable change of the Illinois 
agility  test in male team sport athletes. The Journal of strength & conditioning re-
search, 27(10), 2752- 2759. https://doi.org/10.1519/jsc.0b013e3182890ac3  

Harper, D. J., & Kiely, J. (2018). Damaging nature of decelerations: Do we adequately prepare play-
ers?  BMJ Open Sport & Exercise Medicine, 4(1), e000379. 
https://doi.org/10.1136/bmjsem-2018-000379 

Haugen, T., Seiler, S., Sandbakk, Ø., & Tønnessen, E. (2019). The training and development of elite 
sprint  performance: an integration of scientific and best practice literature. Sports medi-
cine-open, 5(1),  44. https://doi.org/10.1186/s40798-019-0221-0   

He, J., Li, M., Zhang, Q., & Zhang, Z. (2025). Associations between the performance of vertical jump 
and  accelerative sprint in elite sprinters. Frontiers in Bioengineering and Biotechnol-
ogy, 13, 1539197.  https://doi.org/10.3389/fbioe.2025.1539197  

Healy, R., Kenny, I. C., & Harrison, A. J. (2018). Reactive strength index: A poor indicator of reactive 
 strength? International Journal of Sports Physiology and Performance, 13(6), 802–809. 
 https://doi.org/10.1123/ijspp.2017-0511 

Healy, R., Smyth, C., Kenny, I. C., & Harrison, A. J. (2019). Influence of reactive and maximum 
strength  indicators on sprint performance. Journal of Strength and Conditioning Re-
search, 33(11), 3039– 3048. https://doi.org/10.1519/JSC.0000000000002635 

https://doi.org/10.1007/s40279-025-02330-2
https://doi.org/10.3390/app14083232
https://doi.org/10.1123/ijspp.2020-0959
https://doi.org/10.1519/jsc.0000000000003439
https://doi.org/10.3390/sports6040174
https://doi.org/10.1186/s40798-021-00341-7
https://doi.org/10.1038/s41598-022-16558-9
https://doi.org/10.3390/ijerph19052856
https://doi.org/10.3389/fspor.2024.1385721
https://doi.org/10.47197/retos.v66.111034
https://doi.org/10.3389/fpsyg.2021.684964
https://doi.org/10.1519/jsc.0b013e3182890ac3
https://doi.org/10.1136/bmjsem-2018-000379
https://doi.org/10.1186/s40798-019-0221-0
https://doi.org/10.3389/fbioe.2025.1539197
https://doi.org/10.1123/ijspp.2017-0511
https://doi.org/10.1519/JSC.0000000000002635


2026 (Abril), Retos, 77, 809-823  ISSN: 1579-1726, eISSN: 1988-2041 https://revistaretos.org/index.php/retos 

 821  
 

Hornikova, H., Jeleň, M., & Zemkova, E. (2021). Determinants of reactive agility in tests with differ-
ent  demands on sensory and motor components in handball players. Applied Sci-
ences, 11(14), 6531.  https://doi.org/10.3390/app11146531  

Jarvis, P., Turner, A., Read, P., & Bishop, C. (2022). Reactive strength index and its associations with 
 measures of physical and sports performance: A systematic review with meta-analy-
sis. Sports  medicine, 52(2), 301-330. https://doi.org/10.1007/s40279-021-01566-y  

Katsuge, M., Kurosaki, H., Watanabe, H., Kambayashi, S., Hirata, K., & Hirayama, K. (2025). Relation-
ships  between the ground reaction force during initial sprint acceleration and the vertical 
force– velocity profile. PloS one, 20(7), e0328225. https://doi.org/10.1371/jour-
nal.pone.0328225  

Kozinc, Ž., & Šarabon, N. (2022). Different change of direction tests assess different physical ability 
 parameters: Principal component analysis of nine change of direction tests. International 
 Journal of Sports Science & Coaching, 17(5), 1137-1146. 
 https://doi.org/10.1177/17479541211051676 

Kurosaki, H., Tsubota, E., Katsuge, M., Hirata, K., & Hirayama, K. (2025). Muscle contraction type-
specific  association of acceleration and deceleration performance with rates of force 
 development. PeerJ, 13, e19862. https://doi.org/10.7717/peerj.19862  

Lee, Y. S., Lee, D., & Ahn, N. Y. (2024). SAQ training on sprint, change-of-direction speed, and agility 
in U- 20 female football players. Plos one, 19(3), e0299204. 
 https://doi.org/10.1371/journal.pone.0299204 

Li, Y., Guo, Q., Shao, J., Gan, Y., Zhao, Y., & Zhou, Y. (2025). Neuromuscular factors predicting lower 
limb  explosive strength in male college sprinters. Frontiers in Physiology, 15, 1498811. 
 https://doi.org/10.3389/fphys.2024.1498811  

Lin, S., Yan, Z., Xu, T., Xie, H., & Liu, R. (2025). Effect of Complex Contrast Training on Change of 
Direction  Performance in Team-Sport Athletes: A Meta-Analysis. Applied Sci-
ences, 15(13), 7385.  https://doi.org/10.3390/app15137385  

Lin, S., Yan, Z., Zhang, Z., Xu, T., & Liu, R. (2025). The efficacy of complex training for enhancing 
change  of direction ability: A systematic review and meta-analysis. International 
Journal of Sports  Science & Coaching, 17479541251386936. 
https://doi.org/10.1177/17479541251386936  

Markwick, W. J., Bird, S. P., Tufano, J. J., Seitz, L. B., & Haff, G. G. (2015). The intraday reliability of the 
 reactive strength index calculated from a drop jump in professional men’s  basket-
ball. International journal of sports physiology and performance, 10(4), 482-488. 
 https://doi.org/10.1123/ijspp.2014-0265  

McFarland, I. T., Dawes, J. J., Elder, C. L., & Lockie, R. G. (2016). Relationship of two vertical jumping 
tests  to sprint and change of direction speed among male and female collegiate soccer 
players.  Sports, 4(1), 11. https://doi.org/10.3390/sports4010011 

Moeskops, S., Pedley, J. S., Oliver, J. L., & Lloyd, R. S. (2022). The influence of competitive level on 
stretch- shortening cycle function in young female gymnasts. Sports, 10(7), 107. 
 https://doi.org/10.3390/sports10070107 

Morin, J. B., Le Mat, Y., Osgnach, C., Barnabò, A., Pilati, A., Samozino, P., & di Prampero, P. E. (2021). 
 Individual acceleration-speed profile in-situ: A proof of concept in professional football 
 players. Journal of Biomechanics, 123, 110524.  https://doi.org/10.1016/j.jbio-
mech.2021.110524 

Nishiumi, D., Nishioka, T., Saito, H., Kurokawa, T., & Hirose, N. (2023). Associations of eccentric force 
 variables during jumping and eccentric lower-limb strength with vertical jump perfor-
mance: A  systematic review. PloS one, 18(8), e0289631. 
https://doi.org/10.1371/journal.pone.0289631  

Nygaard Falch, H., Guldteig Rædergård, H., & van den Tillaar, R. (2019). Effect of different physical 
 training forms on change of direction ability: a systematic review and meta-analysis. Sports 
 Medicine-Open, 5(1), 53. https://doi.org/10.1186/s40798-019-0223-y  

Paprancová, A., Šimonek, J., Paška, Ľubomír., Czaková, M., & Krčmár, M. (2025). The impact of run-
ning- based high-intensity interval training with changes of direction on physical perfor-
mance of  female soccer players. Retos, 65, 262–270. https://doi.org/10.47197/re-
tos.v65.110640  

https://doi.org/10.3390/app11146531
https://doi.org/10.1007/s40279-021-01566-y
https://doi.org/10.1371/journal.pone.0328225
https://doi.org/10.1371/journal.pone.0328225
https://doi.org/10.1177/17479541211051676
https://doi.org/10.7717/peerj.19862
https://doi.org/10.1371/journal.pone.0299204
https://doi.org/10.3389/fphys.2024.1498811
https://doi.org/10.3390/app15137385
https://doi.org/10.1177/17479541251386936
https://doi.org/10.1123/ijspp.2014-0265
https://doi.org/10.3390/sports4010011
https://doi.org/10.3390/sports10070107
https://doi.org/10.1016/j.jbiomech.2021.110524
https://doi.org/10.1016/j.jbiomech.2021.110524
https://doi.org/10.1371/journal.pone.0289631
https://doi.org/10.1186/s40798-019-0223-y
https://doi.org/10.47197/retos.v65.110640
https://doi.org/10.47197/retos.v65.110640


2026 (Abril), Retos, 77, 809-823  ISSN: 1579-1726, eISSN: 1988-2041 https://revistaretos.org/index.php/retos 

 822  
 

Pedley, J. S., Lloyd, R. S., Read, P. J., Moore, I. S., Myer, G. D., & Oliver, J. L. (2022). A novel method to 
 categorize stretch-shortening cycle performance across maturity in youth soccer players. 
 Journal of Strength and Conditioning Research, 36(9), 2573–2580. 
 https://doi.org/10.1519/JSC.0000000000003900 

Popowczak, M., Cichy, I., Rokita, A., & Domaradzki, J. (2021). The relationship between reactive agil-
ity  and change of direction speed in professional female basketball and handball play-
ers. Frontiers  in Psychology, 12, 708771. https://doi.org/10.3389/fpsyg.2021.708771 

Potisaen, D. J., Potisan, T., & Khumprommarach, S. (2025). Effects of high-intensity interval training 
 under hypoxic conditions on energy system performance in collegiate football players. Re-
tos, 68,  1133–1147. https://doi.org/10.47197/retos.v68.115923  

Rago, V., Brito, J., Figueiredo, P., Ermidis, G., Barreira, D., & Rebelo, A. (2020). The arrowhead agility 
test:  reliability, minimum detectable change, and practical applications in soccer play-
ers. The  Journal of Strength & Conditioning Research, 34(2), 483-494. 
 https://doi.org/10.1519/jsc.0000000000002987  

Ramírez-Campillo, R., Álvarez, C., García-Pinillos, F., Sanchez-Sanchez, J., Yanci, J., Castillo, D., Lo-
turco, I.,  Chaabene, H., Moran, J., & Izquierdo, M. (2018). Optimal reactive strength in-
dex: Is it an accurate  variable to optimize plyometric training effects on measures of phys-
ical fitness in young soccer  players? Journal of Strength and Conditioning Research, 32(4), 
885–893.  https://doi.org/10.1519/JSC.0000000000002467 

Ramírez-Campillo, R., Thapa, R. K., Afonso, J., Perez-Castilla, A., Bishop, C., Byrne, P. J., & Granacher, 
U.  (2023). Effects of plyometric jump training on the reactive strength index in healthy 
individuals  across the lifespan: A systematic review with meta-analysis. Sports Medi-
cine, 53(5), 1029-1053.  https://doi.org/10.1007/s40279-023-01825-0  

Repullo, C., Castaño-Zambudio, A., Del Campo-Vecino, J., & Jiménez-Reyes, P. (2025). Resisted sprint 
 training with combined loads improve the maximum velocity in professional female 
 soccer. Sports Biomechanics, 24(8), 2310–2327. 
 https://doi.org/10.1080/14763141.2025.2453817. 

Šarabon, N., Milinović, I., Dolenec, A., Kozinc, Ž., & Babić, V. (2022). The Reactive Strength Index in 
 Unilateral Hopping for Distance and Its Relationship to Sprinting Performance: How Many 
Hops  Are Enough for a Comprehensive Evaluation?. Applied Sciences, 12(22), 11383. 
 https://doi.org/10.3390/app122211383  

Sassi, R. H., Dardouri, W., Yahmed, M. H., Gmada, N., Mahfoudhi, M. E., & Gharbi, Z. (2009). Relative 
and  absolute reliability of a modified agility T-test and its relationship with vertical jump 
and  straight sprint. The Journal of Strength & Conditioning Research, 23(6),1644-1651. 
 https://doi.org/10.1519/jsc.0b013e3181b425d2  

Singh, U., Leicht, A., Connor, J., Brice, S., Alves, A., & Doma, K. (2024). Biomechanical determinants 
of  change of direction performance: a systematic review. Journal of Science and Medi-
cine in  Sport, 27, S3-S4. https://doi.org/10.1007/s40279-025-02278-3 

Smajla, D., Kozinc, Ž., & Šarabon, N. (2022). Associations between lower limb eccentric muscle ca-
pability  and change of direction speed in basketball and tennis players. PeerJ, 10, 
e13439.  https://doi.org/10.7717/peerj.13439  

Southey, B., Willshire, M., Connick, M. J., Austin, D., Spits, D., & Beckman, E. (2024). Reactive strength 
 index as a key performance indicator in different athlete populations – a systematic review. 
 Science & Sports, 39(2), 129–143. https://doi.org/10.1016/j.scispo.2023.01.004 

Spiteri, T., Newton, R. U., Binetti, M., Hart, N. H., Sheppard, J. M., & Nimphius, S. (2015). Mechanical 
 determinants of faster change of direction and agility performance in female basketball 
 athletes. The Journal of Strength & Conditioning Research, 29(8), 2205-2214. 
 https://doi.org/10.1519/jsc.0000000000000876  

Suarez-Arrones, L., Gonzalo-Skok, O., Carrasquilla, I., Asián-Clemente, J., Santalla, A., Lara-Lopez, P., 
&  Núñez, F. J. (2020). Relationships between change of direction, sprint, jump, and 
squat power  performance. Sports, 8(3), 38. https://doi.org/10.3390/sports8030038  

Takai, Y., Miyazaki, T., Sugisaki, N., Yoshimoto, T., Mitsukawa, N., Kobayashi, K., ... & Kanehisa, H. 
(2025).  Spatiotemporal and kinetic characteristics during maximal sprint running in 
fast running soccer  players. PLoS One, 20(5), e0322216. https://doi.org/10.1371/jour-
nal.pone.0322216  

https://doi.org/10.1519/JSC.0000000000003900
https://doi.org/10.3389/fpsyg.2021.708771
https://doi.org/10.47197/retos.v68.115923
https://doi.org/10.1519/jsc.0000000000002987
https://doi.org/10.1519/JSC.0000000000002467
https://doi.org/10.1007/s40279-023-01825-0
https://doi.org/10.1080/14763141.2025.2453817
https://doi.org/10.3390/app122211383
https://doi.org/10.1519/jsc.0b013e3181b425d2
https://doi.org/10.1007/s40279-025-02278-3
https://doi.org/10.7717/peerj.13439
https://doi.org/10.1016/j.scispo.2023.01.004
https://doi.org/10.1519/jsc.0000000000000876
https://doi.org/10.3390/sports8030038
https://doi.org/10.1371/journal.pone.0322216
https://doi.org/10.1371/journal.pone.0322216


2026 (Abril), Retos, 77, 809-823  ISSN: 1579-1726, eISSN: 1988-2041 https://revistaretos.org/index.php/retos 

 823  
 

Tingelstad, L. M., Raastad, T., Myklebust, G., Gjerstad Andersen, T. E., Solstad, B. E., Bugten, J. B., & 
 Luteberget, L. S. (2025). Age and Sex Differences in Physical Performance Among Adoles-
cent  Team Sport Athletes. European Journal of Sport Science, 25(5), e12284. 
 https://doi.org/10.1002/ejsc.12284  

Tulyakul, S., & Thammathes, S. (2024). The Effects of the Combined Training Program on Agility in 
 Football Players. Education Quarterly Reviews, 7(1), 112-117. 
 https://doi.org/10.31219/osf.io/2vk6b  

Vecbērza, L., Šmite, Z., Plakane, L., & Ābeļkalns, I. (2025). The Impact of Ankle Plantar-Flexor Muscle 
 Strength on Sprint Acceleration in Floorball Players. International journal of sports physiol-
ogy  and performance, 20(3), 393–398. https://doi.org/10.1123/ijspp.2024-0272  

Yamashita, N., Sato, D., & Mishima, T. (2024). Change-of-Direction Performance and Its Deficits in 
 Relation to Countermovement-Jump Height and Phase-Specific Performance Among Female 
 Athletes. International journal of sports physiology and performance, 19(11), 1256–1263. 
 https://doi.org/10.1123/ijspp.2024-0006  

Zheng, T., Kong, R., Liang, X., Huang, Z., Luo, X., Zhang, X., & Xiao, Y. (2025). Effects of plyometric 
training  on jump, sprint, and change of direction performance in adolescent soccer 
player: A systematic  review with meta-analysis. PLoS One, 20(4), e0319548. 
 https://doi.org/10.1371/journal.pone.0319548  

Živković, A., Marković, S., Cuk, I., Knežević, O. M., & Mirkov, D. M. (2025). Reliability and Validity of 
Key  Performance Metrics of Modified 505 Test. Life, 15(2), 198. 
 https://doi.org/10.3390/life15020198  

 

Authors and translators' details: 

Supanithi Khumprommarach poprider.pop@gmail.com Author 
  

Arthit Boonma contact@playstrongsport.com Author 
  

Traimit Potisan T.potisan@gmail.com Author   

Jukdao Potisaen potisan_jukdao@hotmail.com Author / Translator   

 

https://doi.org/10.1002/ejsc.12284
https://doi.org/10.31219/osf.io/2vk6b
https://doi.org/10.1123/ijspp.2024-0272
https://doi.org/10.1123/ijspp.2024-0006
https://doi.org/10.1371/journal.pone.0319548
https://doi.org/10.3390/life15020198

