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Keywords ABSTRACT

Ballistic Stretching Intrqductiqn: The purposelof .this study was to analyz§ .the effects Qf differ.ent stfetching protocpls
. . on kinematic performance indices related to speed, agility, and horizontal jump in male collegiate

Static Stretching

football players.

Methods: Twenty-eight male collegiate football players (mean age: 21 + 0.4 years) participated in
this study. Three protocols were implemented, each following a 5-minute general warm-up jog: 1)
Ballistic stretching followed by static stretching (BS-SS); 2) Static stretching followed by ballistic
stretching (SS-BS); 3) 10 minutes of soccer passing drills without any specific stretching (SPD). The
dependent variables included horizontal jump distance, agility test time, and 30-meter sprint time.
Additionally, indices of speed, acceleration, and step frequency were analyzed.

Results: The results indicated that in the horizontal jump test, the SS-BS protocol resulted in a

Kinematic Performance :
i significantly greater distance (2.247 + 0.096 m) compared to the BS-SS and SPD protocols (p <

Warm-up

0.01). Similarly, in the 30-meter sprint test, the SS-BS protocol led to significantly faster times (3.544
+ 0.247 s) than the other two protocols. Conversely, in the agility test, the SPD protocol was
completed in a significantly shorter time compared to the SS-BS and BS-SS protocols (p < 0.01).
Conclusion: In conclusion, for male collegiate football players, performing static stretching
following ballistic stretching (SS-BS) appears to be a more effective warm-up strategy for enhancing
performance in high-intensity activities like sprinting and horizontal jumping. However, for activities
requiring agility, sport-specific dynamic drills (SPD) may be more beneficial. These findings
highlight the importance of tailoring warm-up protocols to the specific demands of the subsequent
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Extended Abstract

Introduction

arm-up is an essential component of athletic preparation and plays a critical role in optimizing
performance and reducing injury risk. Stretching exercises are among the most commonly used
warm-up strategies; however, considerable controversy remains regarding the most effective
stretching modality and the optimal sequence of stretching activities before high-intensity
exercise. Traditionally, static stretching has been incorporated into warm-up routines because of its potential
benefits for flexibility enhancement and injury prevention. More recently, dynamic and ballistic stretching
techniques have received increased attention due to their possible positive effects on neuromuscular
activation, power production, and athletic performance.
Previous studies have reported inconsistent findings concerning the acute effects of stretching on
performance-related variables such as sprinting speed, agility, and jumping ability. While some investigations
have demonstrated detrimental effects of static stretching on explosive performance, others have found no
significant impairment. Conversely, dynamic and ballistic stretching have frequently been associated with
improvements in power output, sprint performance, and agility. Nevertheless, limited research has examined
whether the sequence in which static and ballistic stretching are performed influences subsequent athletic
performance.
Football is a sport characterized by repeated sprinting, jumping, rapid accelerations, decelerations, and
frequent changes of direction. Therefore, identifying the most effective warm-up strategy is of considerable
practical importance for coaches and athletes. The present study aimed to compare the effects of three
different warm-up protocols on selected kinematic performance indices related to speed, agility, and
horizontal jump performance in collegiate male football players. Specifically, the study investigated whether
performing static stretching before ballistic stretching or ballistic stretching before static stretching would
result in different performance outcomes. In addition, a soccer-specific passing drill protocol was evaluated
as a practical alternative warm-up strategy.

Methods

This study employed a quasi-experimental repeated-measures design. Twenty-eight male collegiate football
players voluntarily participated in the investigation. Participants had a mean age of 21 + 0.4 years, a mean
height of 176.5 + 5.2 cm, a mean body mass of 72.3 £ 6.8 kg, and an average sports participation history of
8.1 + 2.5 years. All participants were healthy, physically active, and familiar with the testing procedures.
Three warm-up protocols were examined. Each protocol was preceded by a standardized five-minute general
warm-up consisting of light jogging and dynamic body movements designed to increase body temperature
and prepare participants for exercise.

The first protocol involved static stretching followed by ballistic stretching (SS—BS). The second protocol
consisted of ballistic stretching followed by static stretching (BS—SS). The third protocol comprised ten
minutes of soccer-specific passing drills (SPD) without any dedicated stretching exercises.

Static stretching exercises were performed for approximately fifteen seconds per movement until participants
reached a mild stretching sensation without pain. Ballistic stretching exercises included rhythmic and
oscillatory movements intended to progressively increase joint range of motion. The soccer passing drill
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protocol involved controlled football-specific passing and movement activities that simulated common game
situations.

Following completion of each warm-up condition and a two-minute recovery period, participants performed
three performance tests in a fixed order: standing horizontal jump, Illinois agility test, and 30-meter flying
sprint test. Each test was completed twice, and the best performance was retained for statistical analysis
Performance data were collected using high-speed video cameras operating at 120 frames per second.
Kinematic variables were extracted and analyzed using Kinovea software (Version 23.8). The primary
dependent variables included horizontal jump distance, agility time, sprint time, running velocity,
acceleration, step frequency, flight angle, and flight time.

Statistical analyses were conducted using repeated-measures analysis of variance (ANOVA) to compare the
effects of the three warm-up protocols. Pairwise comparisons were performed using the Least Significant
Difference (LSD) post hoc test. Statistical significance was established at p < 0.05 and p < 0.01.

Results

The findings revealed significant differences among the warm-up protocols across several performance
variables.

In the horizontal jump test, the BS—SS protocol produced the greatest jump distance, with a mean value of
2.247 £+ 0.10 m. This performance was significantly superior to both the SS—-BS protocol (2.165 + 0.12 m)
and the SPD protocol (2.197 £ 0.11 m) (p < 0.01). Furthermore, participants demonstrated a greater flight
angle following the BS—SS condition, indicating more favorable takeoff mechanics during jumping
performance.

Sprint performance was also significantly influenced by warm-up protocol. The BS—SS condition resulted in
the fastest 30-meter sprint time (3.544 + 0.247 s), outperforming both SS—BS and SPD conditions (p < 0.01).
Similarly, the highest running velocity (8.50 £ 0.59 m-s™) and acceleration values (2.42 + 0.34 m's?) were
observed under the BS—SS protocol. Additionally, participants required fewer steps during the first ten meters
of sprinting following BS-SS, suggesting greater stride efficiency and improved force application during
acceleration.

In contrast, the soccer-specific passing drill protocol demonstrated superior performance in the agility test.
Participants completed the Illinois agility test significantly faster following the SPD warm-up compared with
both stretching protocols (p < 0.01). This finding indicates that sport-specific dynamic activities may be
particularly effective for preparing athletes for rapid directional changes and agility-related tasks.

The SS—BS protocol generally produced intermediate outcomes. Although performance under this condition
was better than some SPD outcomes in explosive tasks, it remained inferior to the BS—SS protocol in
sprinting, acceleration, and horizontal jump performance.

Overall, the results suggest that the sequence of stretching exercises significantly influences acute
performance responses and that different warm-up strategies may be optimal for different athletic tasks.

Discussion

The findings of this study indicate that warm-up protocol selection can significantly influence performance
outcomes in collegiate football players. The superior performance observed following the BS—SS protocol
suggests that ballistic stretching performed before static stretching may enhance neuromuscular readiness
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and improve explosive activities such as sprinting and jumping. These results are consistent with previous
research highlighting the positive effects of ballistic stretching on acceleration, running velocity, stride
efficiency, and jump performance. In contrast, the SPD protocol produced the greatest improvement in agility,
likely due to its sport-specific and multidirectional movement characteristics. The lower performance
observed in the SS-BS condition may reflect the temporary reduction in neuromuscular responsiveness
associated with static stretching performed before explosive movements. Overall, the results suggest that the
BS-SS protocol is most effective for improving explosive performance, whereas soccer-specific passing
drills are more beneficial for agility development. Therefore, warm-up strategies should be selected according
to the specific performance demands of training and competition.
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