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ABSTRACT

Introduction Basketball requires a combination of explosive power and precise neuromuscular
control. Post-activation performance enhancement (PAPE) is a common strategy to improve
explosive performance; however, its effects on movement quality and injury risk factors have been
less investigated. The purpose of this study was to examine the effect of a body-mass-based PAPE
protocol on intersegmental coordination, coordination variability, and dynamic knee valgus angle in
young basketball players

Methods In this semi-experimental crossover study, twenty male basketball players (age: 22 +
lyears) were randomly assigned to two conditions: PAPE and control. The experimental condition
included three sets of five box jumps as the conditioning activity, while in the control condition,
participants rested for four minutes. Before and after both conditions, the countermovement jump
(CMJ) was recorded using a Raptor-H marker-based motion analysis system. Jump height, knee
valgus angle, continuous relative phase (CRP) between hip—knee and knee—ankle joints (as an
indicator of coordination), and its standard deviation (as an indicator of coordination variability) were
calculated.

Results The findings showed that the PAPE protocol significantly increased jump height (p < 0.05).
Intersegmental coordination also showed a significant change in the PAPE condition compared to
control, indicating a more efficient movement pattern (p <0/05). However, coordination variability
and maximum dynamic knee valgus angle did not differ significantly between conditions (p >0/05).
Conclusion It appears that a short, body-mass-based PAPE protocol not only enhances explosive
performance in young basketball players but also improves movement quality by optimizing
coordination patterns, without increasing biomechanical injury risk (through higher knee valgus or
reduced movement adaptability). Therefore, this method can be considered a practical and safe tool
for warm-up before training and competition.
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Extended Abstract

Introduction

asketball is a highly dynamic sport that relies substantially on explosive lower-limb power for
actions such as jumping, sprinting, and rapid changes of direction (1). These high-intensity
movements, particularly during landing, impose considerable mechanical loads on the knee joint
and make basketball one of the sports with a high risk of lower-limb injuries, especially anterior
cruciate ligament (ACL) rupture (4). Among the biomechanical factors associated with ACL injury risk,
increased dynamic knee valgus, defined as the medial displacement of the knee toward the body’s midline,
has been identified as one of the most important indicators during sport-specific movements (5). Landing
biomechanics in basketball, especially under unplanned or reactive conditions, may further increase this risk
by challenging neuromuscular control and joint stability (6).
To enhance explosive performance, coaches and strength and conditioning specialists increasingly use post-
activation performance enhancement (PAPE) strategies. PAPE refers to a physiological phenomenon in
which explosive muscular performance is temporarily improved following a brief, high-intensity
conditioning activity (2). Although many studies have used heavy external loads to induce this effect, body
mass-based protocols, such as box jumps or plyometric exercises, may be more practical for young athletes
due to their lower equipment demands, greater field applicability, and potentially lower injury risk (3,7).
However, most PAPE studies have focused primarily on quantitative performance outcomes, such as jump
height or movement speed, while movement quality has received less attention. Movement quality can be
evaluated through biomechanical concepts such as inter-segmental coordination and coordination variability,
both of which are essential for stable performance and injury prevention (8). Coordination reflects the
spatiotemporal relationship between joint movements, whereas coordination variability represents natural
fluctuations in these patterns across repeated trials. Insufficient variability may indicate a rigid motor system,
while excessive variability may reflect poor movement stability (8). Since knee valgus control is strongly
influenced by hip muscle strength and activation, particularly the abductors and external rotators, weakness
in these muscles may compromise pelvic stability and increase knee valgus during landing (9,10). Therefore,
an important research gap remains regarding whether body mass-based PAPE protocols merely enhance
performance or can also improve movement quality without compromising knee joint stability. Accordingly,
this study aimed to investigate the effects of a body mass-based PAPE protocol on inter-segmental
coordination, coordination variability, and knee valgus angle in young basketball players.

Method

This study was designed as a quasi-experimental crossover trial, in which each participant completed both
the post-activation performance enhancement (PAPE) and control conditions. The order of conditions was
randomized, and a minimum 48-hour interval was considered between sessions to minimize residual fatigue.
Twenty young male basketball players participated voluntarily in the study (age: 22 + 1 years; height: 188 +
5 cm; body mass: 82 £+ 7 kg), all with at least three years of competitive experience. Participants had no
history of severe lower-limb injury during the previous six months or chronic musculoskeletal disorders, and
all provided written informed consent.
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Three-dimensional kinematic data were recorded using a marker-based Raptor-H motion analysis system at
200 Hz. Reflective markers were placed on anatomical landmarks of the pelvis, thigh, knee, shank, and ankle
according to the Plug-in Gait protocol, as marker-based systems are considered a standard approach for
accurate three-dimensional kinematic assessment (11). After marker placement, participants completed a
standardized 10-minute warm-up, followed by three maximal countermovement jumps as the pre-test. In the
PAPE condition, participants performed three sets of five maximal 40-cm box jumps with two minutes of
rest between sets (3,7), followed by a four-minute recovery period to allow the PAPE effect to emerge (2). In
the control condition, participants remained seated for four minutes. After each condition, three post-test
countermovement jumps were performed.

Raw kinematic data were processed in MATLAB R2022a and filtered using a fourth-order Butterworth low-
pass filter (12). Jump height, maximum dynamic knee valgus during landing, inter-segmental coordination
using continuous relative phase (CRP), and coordination variability were calculated (8,13). Data normality
was assessed using the Shapiro—Wilk test. Paired-samples t-tests and repeated-measures ANOVA were used,
with significance set at p < 0.05.

Result

The results showed a significant increase in jump height following the PAPE protocol (A = +3.3 cm, p =
0.001), whereas no significant change was observed in the control condition (p = 0.45). Inter-segmental
coordination patterns changed significantly after the PAPE condition compared with the control condition (p
< 0.05). However, coordination variability (CRP-SD) did not change significantly in either condition (p >
0.05). Dynamic knee valgus showed a small, non-significant decrease following the PAPE protocol (p =
0.52), while no significant changes were observed in the control condition (p = 0.61).

Conclusion

The findings of this study indicate that a bodyweight-based PAPE protocol can enhance explosive
performance while promoting favorable neuromuscular adaptations in young basketball players. The
significant improvement in jump height suggests that the conditioning activity effectively increased the
athletes’ readiness for explosive actions. In addition, changes in inter-segmental coordination patterns
indicate a more efficient movement strategy during the propulsion phase of the jump, which may reflect
improved neuromuscular organization. Importantly, coordination variability remained unchanged following
the PAPE protocol, suggesting that movement flexibility was preserved despite the observed enhancement in
performance. From a dynamical systems perspective, maintaining an optimal level of variability is essential
for adaptable and stable motor behavior. Furthermore, the absence of a significant increase in dynamic knee
valgus indicates that the performance gains were not accompanied by adverse biomechanical changes
associated with injury risk. Overall, these findings suggest that bodyweight-based PAPE is a practical and
safe strategy for improving explosive performance in young basketball players. The protocol appears to
enhance movement quality and neuromuscular efficiency without compromising movement adaptability or
knee joint safety, supporting its application as part of pre-training and pre-competition warm-up routines.
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