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Keywords ABSTRACT

Lower Extremity Introduction The aim of this study was to investigate the effect of the PAPE warm up method on

lower extremity kinematics during instep kicking in female futsal players in Kerman.

Fuisal Methods Eighteen female futsal players with a mean age of 21 + 0.2 years were selected from 240
Instep Kicking players as the statistical sample. The kinematic parameters of the lower extremities (angular velocity

of the hip, knee, and ankle joints, as well as ball velocity) were measured during the forward
Warm up movement and impact phases. Data normality was confirmed by the Shapiro-Wilk test, and a one-
PAPE way ANOVA with a significance level of 0.05 was used for analysis.

Results The results showed that ball velocity and the angular velocity of the hip and knee joints in
the PAPE group were higher than in both the dynamic and general warm-up groups. The lowest
angular velocity was related to the general warm-up group. Statistical analysis revealed a significant
difference in joint angular velocity (hip, knee, and ankle) between the dynamic and general methods,
as well as between the PAPE and general methods (p < 0.05). However, no significant
difference was observed between the dynamic and PAPE groups. Similarly, for ball velocity, no
significant difference was found between the PAPE and dynamic groups, but a significant
difference existed between the dynamic and general groups and between the PAPE and general
groups (p < 0.05).

Conclusion According to the results, it is recommended that the two warm-up methods (PAPE and
dynamic) be used more than the general method because they increase the angular velocity of the
joints and the velocity of the ball.
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Extended Abstract

Introduction

utsal is a form of football played between two teams of five players, with more than 1.1 million
participants worldwide. It is an intermittent team sport with high physical, technical, and tactical
demands. Key physical abilities for successful performance include speed, power for shooting,
agility, and repeated sprint ability.
The instep kick is one of the most important skills in futsal, used for short and long passes as well as penalty
kicks. Players need a balanced combination of low, moderate, and maximal intensity shots during a match.
Understanding sport-specific demands is the first step in training programming. Previous studies have
focused on the biomechanics of maximal instep kicks, reporting that high ball speed is associated with high
foot speed (16-22 m/s). Success depends on distance to target, kick type, and technique, all of which can be
examined biomechanically.
Warm-up is widely recognized as essential for physical and mental readiness and injury prevention. Different
sports require specific warm-up methods. Post-activation performance enhancement (PAPE) is a warm-up
method where heavy or moderate strength exercises acutely increase subsequent explosive performance.
PAPE improves neuromuscular function and muscle power output. Dynamic warm-up involves controlled
limb movements through the full range of motion, increasing joint range, body temperature, blood flow, and
nerve impulse transmission. Dynamic movements that mimic sport-specific patterns also enhance
coordination.
In this study, we examined a variable loading method using elastic bands combined with leg extension
exercise during a PAPE warm-up. This technique varies the load across the joint range of motion, unlike
constant-load free weights. PAPE is an individualized phenomenon requiring a balance between fatigue and
activation, influenced by training history, rest duration, and exercise intensity.

Method

This quasi-experimental and applied study was conducted with 240 female futsal players from Kerman, Iran.
From this population, 18 players from the university league were selected through convenience sampling,
and each participant served as her own control in a counterbalanced design. After obtaining ethics approval
and written informed consent, all participants underwent a one-repetition maximum (1RM) test for the leg
extension exercise (quadriceps) one week before the main testing. For the post-activation performance
enhancement (PAPE) warm-up, a high-resistance elastic band was calibrated so that the resistance could be
set to 80% of each player’s individual 1RM. The main testing protocol was spread over three consecutive
days. The 18 players were divided into three groups of six, and each group performed all three warm-up
conditions in a different order to eliminate order effects. The general warm-up consisted of five minutes of
slow running on a treadmill at 8-9 km/h, followed by three minutes of lower-body stretching and five sit-ups.
The PAPE warm-up included ten minutes of walking and running, after which each participant performed
one set of dynamic leg extension at 80% of her IRM using a leg extension machine combined with an elastic
band; this was followed by two minutes of rest. The dynamic warm-up comprised ten bounding steps, ten
reverse bounds, ten single-leg deadlifts, ten direct kicks per leg, and forward high-knee exercises over ten
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yards. For kinematic analysis, a skin-based marker motion analysis system was used. Seven reflective
markers were placed on specific bony landmarks of the dominant leg, which was determined for each player
by a futsal kicking test (all participants were right-footed). Marker placement followed the standard
Plug-in-Gait method. Each player then kicked a stationary futsal ball placed three meters from a small goal
with maximum power, and the kick that produced the highest ball speed was selected for analysis. Ball speed
was calculated from the linear speed of the foot just before impact. One minute of rest was given between
three kicks to avoid fatigue. The Shapiro-Wilk test was used to check normality of the data, and a one-way
repeated-measures ANOVA followed by Bonferroni post-hoc tests was applied to compare the three warm-up
conditions. The significance level was set at (p < 0.05).

Result

Descriptive and inferential statistical methods were used. Descriptive statistics (mean, standard deviation)
were calculated. The Shapiro-Wilk test assessed normality of the data. A one-way repeated-measures ANOVA
compared the three warm-up conditions (general, dynamic, PAPE) followed by Bonferroni post-hoc tests.
Levene’s test checked homogeneity of variances. Significance was set at p < 0.05. Graphs were created with
Excel 2016 and statistical computations with SPSS 22.

The participants’ demographic characteristics (mean + SD) were as follows: age 21 + (.2 years, height 158.9
+ (0.68 cm, body mass 65 + 0.5 kg. The Shapiro-Wilk test showed that all dependent variables were normally
distributed across the three conditions (p > 0.05). Levene’s test confirmed homogeneity of variances for all
variables (p > 0.05).

The one-way repeated-measures ANOVA revealed no significant differences between the dynamic warm-up
and the PAPE warm-up for hip, knee, or ankle angular velocities, nor for ball speed (p > 0.05). However,
both the dynamic and PAPE warm-ups produced significantly higher angular velocities at all three joints and
significantly greater ball speed compared to the general warm-up (p < 0.05). The general warm-up
consistently yielded the lowest mean values for all variables. In summary, both PAPE and dynamic warm-up
protocols had comparable positive effects on joint angular velocities and ball speed, and both were superior
to the general warm-up. Therefore, these two methods are recommended for warm-up in futsal training.

Discussion

The main finding of this study was that both PAPE and dynamic warm-ups significantly increased joint
angular velocities and ball speed compared to a general warm-up, with no significant difference between the
two methods. This suggests that both protocols are effective strategies for improving instep kicking
performance in female futsal players.

Ball speed is a key biomechanical indicator of successful kicking, influenced by multiple factors. The greater
angular velocity of the knee during the eccentric phase before the kick, followed by high concentric velocity,
reflects the stretch-shortening cycle phenomenon. Faster eccentric and concentric contractions reduce
thermal energy loss and convert more energy into kinetic form. The stored elastic energy in muscle depends
on the magnitude and speed of stretch, which likely contributed to the superior performance in the PAPE and
dynamic conditions compared to the general warm-up.

Although the precise mechanisms of PAPE are not fully understood, several major mechanisms have been
proposed: neuromuscular changes, increased myosin light chain phosphorylation enhancing actin-calcium
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sensitivity, and structural factors such as muscle pinnation angle and cross-sectional area. The primary cause
appears to be neural adaptation, including recruitment of high-threshold motor units that are often inactive in
untrained individuals. Voluntary maximal contractions may also reduce Golgi tendon organ inhibition
through autogenic inhibition, allowing greater force production. Previous research has shown that pre-stretch
contractions are more effective than static stretching for increasing muscle length and joint range of motion.
Both PAPE and dynamic warm-ups likely share common physiological pathways, such as increased muscle
temperature, improved nerve conduction, and enhanced coordination through movement-specific rehearsal.
This study had several limitations, including a relatively small sample size, focus only on female players,
and lack of control for skill level. Future studies with larger samples, male participants, and different skill
levels are needed to confirm and extend these findings.

Conclusion: Both PAPE and dynamic warm-ups are effective and comparable methods for acutely improving
lower-limb kinematics and ball speed in female futsal players, and both are superior to general warm-ups.
Coaches and practitioners can use either method to prepare players for explosive kicking actions during
training or competition.
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