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ABSTRACT

Introduction The aim of the present study was to compare the acute effects of static, dynamic, and injury
prevention warm-up protocols on selected performance indicators and kinetic indices during single-leg
landing in male athletes aged 18-25 years.

Methods Thirty-six male athletes were selected and randomly assigned to three groups: static warm-up
(n=12, age: 23.08+1.50 years, height: 180.08+2.02 cm, weight: 74.83+3.15 kg, BMI: 23.06+0.73 kg/m?),
dynamic warm-up (n=12, age: 22.83+1.85 years, height: 178.414+1.56 cm, weight: 71.91+3.31 kg, BMI:
22.58+0.84 kg/m?), and injury prevention program (n=12, age: 22.75+1.81 years, height: 179.33+1.92 cm,
weight: 73.16+3.01 kg, BMI: 22.75+0.95 kg/m?). The triple-leg hop test and an AMTI force plate were
used to assess performance and ground reaction force, respectively. After the pre-test, each warm-up
protocol was performed for 10-15 minutes, followed by the post-test. Analysis of covariance (ANCOVA)
with Bonferroni post-hoc test was used for between-group comparisons, and paired t-test was used for
within-group comparisons, with a significance level set at 0.05.

Results The results of ANCOVA showed significant differences among the three groups (static, dynamic,
and injury prevention program) in triple-leg hop and ground reaction force variables (P=0.001). Bonferroni
post-hoc test revealed significant differences between all pairs of groups (static vs. dynamic, static vs.
injury prevention, and dynamic vs. injury prevention) in both variables (P=0.001). The paired t-test results
indicated that changes in the triple-leg hop variable in the dynamic warm-up group were not significant
(P=0.79); however, changes in the other variables were significant in all groups (P=0.001).

Conclusion According to the findings of this acute effect study, the injury prevention program (containing
plyometric and balance exercises) showed the greatest positive effect, static warm-up showed the least
positive effect (and even a negative effect on performance), and dynamic warm-up showed an intermediate
effect on performance and kinetic variables related to ACL injury risk. Although the injury prevention
program improved landing patterns in the short term, it should be emphasized that these findings are based
on a single session of warm-up and cannot be extrapolated to actual injury prevention. Long-term
effectiveness of this program requires future longitudinal studies with appropriate follow-up periods.
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Extended Abstract

Introduction

ports injuries are a major challenge in physical activities and competitive sports, with the lower
extremity being particularly vulnerable due to its primary role in movements such as running,
cutting, jumping, and landing. Among the joints of the lower extremity, the knee joint is of special
importance because it is located in the middle of the kinetic chain and experiences high loads
during athletic activities. The dynamic stability of the knee largely depends on the proper function of the
periarticular muscles and neuromuscular coordination of the lower extremity [1].
The anterior cruciate ligament (ACL) is a key structure in maintaining knee stability, and ACL injury is a
common and serious injury among athletes. ACL injury can lead to knee instability, proprioceptive deficits,
reduced athletic performance, and difficulty returning to pre-injury activity levels [2-4]. Most non-contact
ACL injuries occur during landing, sudden stopping, cutting, and jumping maneuvers [5,6]. Recent studies
have shown that ACL injury is multifactorial, with factors such as reduced knee flexion during landing,
increased dynamic knee valgus, inadequate trunk and hip control, hip abductor weakness, and improper
landing patterns contributing to increased mechanical loading of the ACL [7]. Therefore, assessing ACL
injury risk requires consideration of multiple kinetic and kinematic variables.
Kinetic variables, such as ground reaction forces (GRF), provide important information about the loads
imposed on the body during landing. Increased GRF, especially in the absence of adequate neuromuscular
control, may be associated with increased knee joint loading. However, a more complete interpretation of
ACL injury risk requires simultaneous assessment of kinematic variables [7].
Warm-up is a key component of athlete preparation prior to training and competition. Different warm-up
protocols have varying effects on performance and neuromuscular responses. Recent systematic reviews have
shown that dynamic stretching in warm-ups can have more favorable effects on jumping performance and
lower extremity preparation compared to static stretching [8]. Injury prevention programs incorporating
neuromuscular, balance, agility, strength, and plyometric exercises have gained increasing attention [9].
However, the acute effects of these programs on performance and kinetic indices during landing require
further investigation.
Therefore, this study aimed to compare the acute effects of static warm-up, dynamic warm-up, and an injury
prevention program on selected performance indicators and kinetic indices during single-leg landing in male
athletes aged 18-25 years.

Method

The statistical population consisted of male university athletes (students of physical education at Kharazmi
University). Based on inclusion criteria, 36 eligible male athletes were selected and randomly assigned to
three groups (n=12 per group): static warm-up (age: 23.08+1.50 years, height: 180.08+2.02 cm, weight:
74.83+3.15 kg, BMI: 23.06+0.73 kg/m?), dynamic warm-up (age: 22.83+1.85 years, height: 178.41£1.56 cm,
weight: 71.91£3.31 kg, BMI: 22.5840.84 kg/m?), and injury prevention program (age: 22.75+1.81 years,
height: 179.33+£1.92 cm, weight: 73.16+3.01 kg, BMI: 22.75+0.95 kg/m?) [10,11]. Athletes were defined as
individuals who performed regular physical activity at least three sessions per week, each session lasting a
minimum of one hour [12]. Inclusion criteria were: age 18-25 years, BMI 18.5-24.9 kg/m?, general health,
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no knee pain or dislocation history, no ACL rupture, no lower extremity surgery or fracture history, and no
postural abnormalities affecting the study. Exclusion criteria included unwillingness to continue participation
and any injury or illness preventing physical activity. An AMTI force plate (USA) was used to measure
kinetic indices during single-leg landing. Ground reaction force (GRF) components, including vertical and
anterior-posterior forces, were recorded at a sampling frequency of 1000 Hz [13,14]. A 40 cm high box was
placed 10 cm from the force plate for the drop landing task. Lower extremity performance was assessed using
the triple-leg hop test. Participants performed three consecutive hops on their dominant leg, and the maximum
distance covered was recorded as the individual's score. Errors (contact of the opposite foot or hands with
the ground, loss of balance, or an extra hop) resulted in repetition of the test [16]. All participants signed
written informed consent. The study was conducted in the biomechanics laboratory of Kharazmi University
(Tehran, Iran) during a single 30-45 minute session. After pre-test measurements (triple-leg hop and GRF),
each group performed their respective 10-15 minute warm-up protocol: static warm-up (5 minutes jogging +
5 static stretches held for 30 seconds each) [15], dynamic warm-up (dynamic stretching and agility drills over
10-20 m distances) [15], or injury prevention program (identical to dynamic warm-up plus additional
plyometric and balance exercises including jump with balance, double squat, squat jump, glute bridge,
shuffle, and forward jump) [15]. Post-test measurements were then conducted under identical conditions.
Descriptive statistics (mean + SD) were calculated. Normality was verified using the Shapiro-Wilk test. One-
way ANOVA confirmed no significant differences in demographic variables among groups at baseline.
Between-group comparisons were performed using ANCOVA with pre-test scores as covariates, followed
by Bonferroni post-hoc test. Within-group comparisons (pre-test vs. post-test) were analyzed using paired t-
test. Significance level was set at P < 0.05. SPSS version 22 was used for all analyses.

Result

The aim of the present study was to compare the effectiveness of static, dynamic, and injury prevention
warm-up protocols on selected performance indicators and kinetic indices during single-leg landing in male
athletes aged 18-25 years. A total of 36 participants were randomly assigned to three groups of 12 each: static
warm-up (age: 23.08+1.50 years, height: 180.08+2.02 cm, weight: 74.83+3.15 kg, BMI: 23.06+0.73 kg/m?),
dynamic warm-up (age: 22.83+1.85 years, height: 178.41£1.56 cm, weight: 71.91+3.31 kg, BMI: 22.58+0.84
kg/m?), and injury prevention program (age: 22.75+1.81 years, height: 179.33£1.92 cm, weight: 73.16+3.01
kg, BMI: 22.754+0.95 kg/m?). One-way ANOVA results showed no significant differences in descriptive
variables among the three groups (P > 0.05).

No significant differences were observed among groups in pre-test values for any variable. ANCOVA results
revealed significant differences among the three groups in triple-leg hop (P = 0.001, n?p = 0.86), vertical
ground reaction force (P =0.001, n?*p = 0.98), and anterior-posterior ground reaction force (P = 0.001, n*p =
0.95). The Bonferroni post-hoc test showed significant differences between all pairs of groups (static vs.
dynamic, static vs. injury prevention, and dynamic vs. injury prevention) in all three variables (P = 0.001).
The paired t-test results indicated that changes in triple-leg hop were significant in the static warm-up group
(P =0.001) and injury prevention group (P = 0.001), but not in the dynamic warm-up group (P = 0.79).
Specifically, static warm-up decreased performance (pre-test: 354.41+£24.53 vs. post-test: 345.75+£25.46), the
injury prevention program improved performance (pre-test: 347.16+£29.16 vs. post-test: 351.25429.32), and
dynamic warm-up had no significant effect on triple-leg hop performance (pre-test: 362.08+26.78 vs. post-
test: 361.83+27.33).
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Changes in vertical ground reaction force were significant in all three groups (P = 0.001). Static warm-up
increased this force (pre-test: 2381.414+331.91 vs. post-test: 2693.084+345.18), dynamic warm-up also
increased it (pre-test: 2371.41+£335.81 vs. post-test: 2421.25+343.92), while the injury prevention program
decreased it (pre-test: 2705.08+326.84 vs. post-test: 2651.25+338.40). Similarly, changes in anterior-
posterior ground reaction force were significant in all three groups (P =0.001). Static warm-up increased this
force (pre-test: 139.33+24.81 vs. post-test: 170.66+£23.34), dynamic warm-up also increased it (pre-test:
146.50+26.47 vs. post-test: 148.33£25.80), and the injury prevention program decreased it (pre-test:
146.75+27.63 vs. post-test: 141.58+28.06).

Conclusion
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