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Introduction 

Knee joint is one of the most injured sites among badminton players (Mei, Gu, Fu, & Fernandez, 2017; Shariff, 

George, & Ramlan, 2009), with patellar tendinopathy and patellofemoral pain rate of 42.7% and 7.2%, 

respectively. Athletes with knee pain showed conservative movements, which would lead to reduced performance 

and other compensatory injury risks (Huang, Lee, Lin, Tsai, & Liao, 2014). Chronic injuries may result from 

repetitive sub-lunge loading accumulations and acute injuries was believed to originate from sudden maximal-

lunge. However, few information about quadriceps’ contribution to knee loadings during sub- and maximal- 

badminton lunges was revealed. This study aimed to investigate muscular contributions to knee loadings via 

subject-specific musculoskeletal modelling analysis and finite element simulation. 

 

Methods 

Twelve Chinese elite badminton athletes were recruited. Subject-specific Opensim and finite element knee model 

was created from MRI images. Indoor lab with Vicon motion capture and AMTI force plate was used to mimic 

the badminton court. EMG signals of quadriceps were recorded using Delsys system. Athletes performed sub- 

and maximal- lunges with the lunge (right) foot landing on the force plate. 

 

Figure 1. Illustrations of knee loading from OpemSim modelling and FE simulation 



Results 

Significantly increased peak knee flexion moment were observed (sub: 2.24Nm/kg, and max: 4.1Nm/kg). 

Tibiofemoral axial contact force and patellofemoral compressive force increased significantly during maximal-

lunge (8.4BW and 8.1BW) comparing to sub-lunge (7.2BW and 7.3BW). Forces of vastus lateralis, vastus 

medialis and rectus femoris increased significantly from 0.31BW, 1.62BW and 3.1BW during sub-lunge to 

0.68BW, 1.8BW and 3.6BW during maximal-lunge. Quadriceps forces were used for FE simulation, and stress 

patterns were presented in Figure 1. 

 

Discussion & Conclusion 

Findings of knee angle, moment, contact force and quadriceps force may explain the mechanism of chronic and 

acute knee injuries among badminton athletes. Quadriceps contributions could be considered while designing 

training programs of improving muscle strength and condition, to help reduce knee impact loadings and potentially 

prevent injuries. Information from elite athletes may be used as reference for junior talent identification.  
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