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Abstract

Keywords Background and Aim: This study examined the effects of a body-weight
post-activation performance enhancement (PAPE)-based warm-up on knee
kinematics during single-leg landing in male basketball players.

Methods: Twenty semi-professional male basketball players (Kerman, Iran)
participated in this quasi-experimental, within-subject crossover study. Each
performance participant completed a general warm-up and a body-weight PAPE warm-up (general
warm-up plus 3 x 10 body-weight squats, 30-s rest, followed by 2-min rest).
Participants then performed three single-leg landings from a 30-cm height with the

Post-activation

enhancement, ) } ) ) } ; )
dominant leg. Kinematic data were captured using a six-camera motion analysis
system (Motion Analysis Raptor-H) with Cortex 5.2 software and processed in

Warm-up, MATLAB. Outcome measures were maximal knee flexion, eccentric knee angular

velocity, and knee valgus angle. Data were analysed using Shapiro—Wilk and paired
Knee kinematics, t-tests (a. = 0.05).
Results: No significant difference was observed in maximal knee flexion between
conditions (d = 0.02, p = 0.96). However, PAPE significantly reduced eccentric knee
angular velocity (d = 0.52, p = 0.03) and knee valgus angle (d = 0.94, p < 0.001)
during landing.

Single-leg landing,

Basketball.

Conclusion: A body-weight PAPE-based warm-up effectively lowered eccentric
knee angular velocity and knee valgus without significantly altering maximal knee
flexion. This simple, equipment-free strategy may serve as a practical approach to
improve knee motor control during single-leg landing in male basketball players.
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Extended Abstract

Introduction

Warm-up is an essential component of training and
competition, preparing the neuromuscular system,
increasing muscle temperature and blood flow,
improving movement readiness, and potentially
reducing injury risk (1, 2). Basketball involves frequent
jumping, landing, acceleration, deceleration, and
changes of direction, making landing a demanding task
for the knee joint (3). Inadequate trunk and lower-limb
control may increase knee valgus and shear loading (4,
5), while non-contact landing and cutting are common
mechanisms of ligamentous, particularly ACL, injuries
(5, 6). Increased knee valgus, inadequate eccentric
control, and rapid knee motion may further contribute to
knee loading during landing (6-8).

Post-activation performance enhancement (PAPE)
refers to a temporary improvement in voluntary
muscular performance following a conditioning activity
and has been associated with enhanced neuromuscular
excitability, motor-unit readiness, and coordination (9-
12). Most PAPE studies have used heavy resistance or
plyometric exercises (10, 13, 14), which may be
impractical before training or competition. Bodyweight
exercises such as squats provide simple and accessible
alternatives (15). However, limited evidence exists
regarding their effects on knee kinematics during single-
leg landing. Therefore, this study aimed to investigate
the acute effect of a bodyweight-based PAPE warm-up
on maximal knee flexion, knee valgus angle, and
eccentric knee angular velocity during single-leg
landing in male basketball players.

Method

Twenty semi-professional male basketball players
from Kerman participated in this semi-experimental
within-subject crossover study. Participants were 20—24
years old, had at least two years of organized basketball
experience, trained at least three times weekly,
participated in club or university competitions, and had
no lower-limb injury during the previous year. Each
participant completed both experimental conditions in
separate sessions, with protocol order randomly
counterbalanced between two subgroups to minimize
order, fatigue, and learning effects.

The general warm-up consisted of four minutes of
low-to-moderate treadmill running followed by
dynamic stretching of the quadriceps, hamstrings, and
gluteal muscles. After a two-minute rest, participants
performed the landing task. The PAPE condition
included the same warm-up followed by three sets of 10

bodyweight squats with 30 seconds of rest between sets,
followed by a two-minute recovery period (1, 2).
Participants then performed three successful single-leg
landings from a 30-cm box using the dominant leg,
determined by preferred kicking leg and a practical test.
Unsuccessful trials were repeated.

Three-dimensional kinematic data were collected
using a six-camera motion-analysis system and Cortex
2.5 software, with six reflective markers placed on
anatomical landmarks of the dominant lower limb. Data
were processed using MATLAB R2020a, with a mean
reconstruction error of 0.8 mm. The outcomes were
maximal knee flexion, knee valgus angle, and knee
angular velocity during the eccentric phase, defined
from initial foot contact to maximal knee flexion.

Normality was assessed using the Shapiro-Wilk test,
and within-session reliability was evaluated using
intraclass correlation coefficients. Repeated-measures
ANOVA assessed systematic changes across trials,
while paired-samples t-tests compared the two
conditions. Statistical significance was set at p < 0.05,
with Cohen’s d and 95% confidence intervals also
calculated.

Results

The three landing trials demonstrated good-to-
excellent reliability under both conditions. ICC values
ranged from 0.81 to 0.91, and no significant systematic
effect of trial repetition was observed for any variable
(minimum p = 0.42). Therefore, the mean of the three
successful trials was used for subsequent analyses.

No significant difference was observed in maximal
knee flexion between the general warm-up and PAPE
conditions. In contrast, eccentric knee angular velocity
significantly decreased following the PAPE protocol.
Knee wvalgus angle was also significantly lower
following PAPE. These findings are summarized in the
table.

The absence of a significant change in maximal knee
flexion indicates that the PAPE protocol did not
substantially alter the final sagittal-plane range of
motion. However, reductions in eccentric angular
velocity and knee valgus suggest changes in dynamic
knee control during landing.

Discussion

The main finding was that a bodyweight-based
PAPE warm-up reduced eccentric knee angular velocity
and knee valgus angle during single-leg landing, while
maximal knee flexion remained unchanged. This may
indicate that final knee range of motion is relatively
resistant to acute modification and may be influenced by
learned movement patterns, structural characteristics,
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and individual force-absorption strategies. Previous
studies have similarly reported that acute PAPE effects
are more evident in force production and neuromuscular
performance than in short-term changes in range of
motion (10, 12, 14).

The reduction in eccentric knee angular velocity may
reflect slower and more controlled knee motion during
force absorption, potentially allowing greater time for
neuromuscular regulation. PAPE-related conditioning
activities may enhance neural excitability and motor-
unit readiness (11, 16). The reduced knee valgus angle
is also important, as excessive dynamic knee valgus is
commonly associated with potentially high-risk landing
mechanics (7, 17, 18). Thus, bodyweight squats may
acutely improve frontal-plane knee alignment,
consistent with previous findings on neuromuscular and
landing-control exercises (4, 19).

Notably, the present study used a simple, equipment-
free bodyweight protocol rather than heavy resistance or
plyometric exercises. These findings suggest that such a
practical conditioning activity may influence selected
landing kinematics. The study was limited by its small
sample size, inclusion of only male basketball players,
analysis of only the dominant leg, and the absence of
ground-reaction force and EMG measurements. In
addition, only acute responses were assessed. Future
studies should include female athletes, different
competitive levels and age groups, and kinetic and EMG
measurements to clarify better the mechanisms
underlying these kinematic changes.
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Table 1. Comparison of Knee Kinematic Variables Between the General Warm-Up and PAPE Conditions

Variable General warm-up, PAPE, Mean + el Cohen's 95:{;5111 e
Mean + SD SD d q

difference

Maximal knee flexion (°) 148.59 + 17.75 148.10 + 16.28 0.96 0.02 —3.1to4.1

Eccentric knee angular velocity (°/s) 28.05 +13.05 17.13 £ 14.13 0.03 0.52 2.11t020.7

Knee valgus angle (°) 1.70 £ 1.15 0.95 +0.68 <0.001 0.94 0.41 to 1.09
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