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Keywords ABSTRACT
Basketball Introduction Inter-joint coordination patterns play a critical role in the execution of rapid lateral
maneuvers, such as cutting movements in basketball. Previous research has demonstrated that fatigue
Fati can induce significant alterations in neuromuscular organization and increase abnormal mechanical
atigue

loading on the lower-limb joints; however, the magnitude and specific patterns of these fatigue-
related changes have not yet been fully elucidated. The purpose of the present study was to
investigate the effects of fatigue induced by a basketball game-simulation protocol on the
coordination patterns among the ankle, knee, and hip joints, using continuous relative phase (CRP)
and its stability index, alongside an analysis of key kinematic variables during the landing phase.
Methods Twenty male elite league basketball players (age: 24.5 + 2.2 years) participated in a within-
subject study design. Participants performed a rapid cutting maneuver before and after completing
the Basketball-Based Sport-Specific Fatigue Test (BBSPFT). Three-dimensional kinematic data were
collected using a ten-camera optical motion capture system. Continuous relative phase (CRP) was
calculated for the ankle—knee and knee—hip joint pairs. Dependent variables included mean CRP,
CRP standard deviation, time to peak lateral velocity, and knee kinematic indices. Data were analyzed
using paired t-tests and Cohen’s effect sizes.

Results Following fatigue, mean CRP in both joint pairs shifted toward less in-phase coordination
patterns (p < 0.01). The standard deviation of CRP increased significantly, indicating reduced
stability of the coordination pattern. Time to peak lateral velocity was prolonged (p < 0.05), and peak
knee flexion during landing was significantly reduced (p < 0.01).

Conclusion Fatigue induced by basketball-specific activity leads to nonlinear and destabilizing
alterations in lower-limb coordination patterns, which may modify athletes’ movement strategies and
increase the likelihood of harmful loading on the knee joint. These findings have important
implications for the design of preventive training programs and movement-pattern—oriented
corrective interventions.
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Extended Abstract

Introduction

he present study aimed to investigate the effects of fatigue induced by a basketball-specific

simulated game protocol on lower extremity inter-joint coordination patterns during side-cutting

maneuvers in professional basketball players. Inter-joint coordination is considered one of the

most critical components of neuromuscular control and plays a fundamental role in movement
efficiency, dynamic stability, and injury prevention during complex athletic tasks. In basketball, rapid change-
of-direction maneuvers and lateral cutting movements impose substantial mechanical loads on the lower
extremity joints due to repeated accelerations, abrupt decelerations, explosive displacements, and landing
actions. Successful execution of these movements requires precise coordination among the ankle, knee, and
hip joints. Any disruption in this coordination may increase abnormal joint loading, particularly at the knee
joint, thereby elevating the risk of severe injuries such as anterior cruciate ligament (ACL) rupture. Although
biomechanical research on movement analysis has expanded considerably in recent years, the effects of
basketball-specific fatigue on inter-joint coordination patterns remain insufficiently understood. Most previous
studies have employed generalized fatigue protocols such as cycling ergometry or aerobic running, which
inadequately replicate the physiological and biomechanical demands of real basketball competition.
Furthermore, prior investigations have predominantly focused on linear biomechanical variables such as joint
angles and muscle activation patterns, while nonlinear analyses of inter-joint coordination have received
comparatively limited attention. Therefore, the present study employed continuous relative phase (CRP)
analysis alongside a basketball-specific fatigue protocol to evaluate changes in lower extremity coordination
under ecologically valid competitive conditions.

Method

This study used a repeated-measures design to examine the effects of basketball-specific fatigue on lower-
extremity inter-joint coordination during rapid cutting maneuvers. Twenty male professional basketball players
(age: 24.5 £ 2.2 years) participated in the study. Three-dimensional kinematic data were collected using a ten-
camera motion capture system (250 Hz). Inter-joint coordination between the ankle—knee and knee—hip
couplings was assessed using Continuous Relative Phase (CRP). Mean CRP, CRP variability, time to peak
lateral velocity, peak knee flexion, and dynamic knee valgus were analyzed. Participants performed cutting
maneuvers before and immediately after completing the Basketball-Based Sport-Specific Fatigue Test
(BBSPFT). Differences between pre- and post-fatigue conditions were examined using paired-sample t-tests,
with significance set at p < 0.05.

Result

Following fatigue, mean CRP values increased significantly in both joint couplings. The ankle—knee CRP
increased from 35.2 + 4.8° to 46.7 = 5.3° (p < 0.01), while the knee—hip CRP increased from 38.1 + 5.0° to
50.2 £ 6.1° (p < 0.01). The standard deviation of CRP also increased in both joint pairs (p < 0.01). Time to
peak lateral velocity increased from 0.42 + 0.05 s to 0.47 £ 0.06 s (p < 0.05). In addition, maximum knee
flexion during landing decreased significantly from 62.3 +5.1° to 57.8 £4.8° (p <0.01), while dynamic knee
valgus increased following the fatigue protocol.
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Discussion

The findings of this study indicate that basketball-specific fatigue significantly alters lower-extremity inter-
joint coordination during rapid cutting maneuvers. The increase in CRP values suggests a shift toward less
synchronized coordination patterns, while the greater variability of CRP reflects reduced movement stability
following fatigue. Additionally, the prolonged time to peak lateral velocity and the reduction in knee flexion
during landing suggest that fatigue negatively affects neuromuscular control and movement efficiency. These
biomechanical adaptations may lead athletes to adopt less effective movement strategies during change-of-
direction tasks. The results also highlight the value of nonlinear coordination analysis for detecting fatigue-
related alterations that may not be fully captured by traditional kinematic measures. Overall, basketball-
specific fatigue appears to modify coordination behavior and landing mechanics, potentially increasing
mechanical stress on the knee joint. These findings support the importance of fatigue-resistant neuromuscular
training and injury-prevention programs in basketball players.
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