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Introduction
The fatigue effect has been confirmed to directly and indirectly affect athletic performance and increase the chances of athletes' injuries. The purpose of this study was to examine the fatigue effect on the knee after college volleyball players jumped and landed on one leg. Force plates and a three-dimensional motion capture system were used to record the movements of the volleyball players as they jump-land on a single leg.
Methods

The subjects of this study were 6 volleyball players who competed in college division I (183.26±10.19 cm, 73.64±9.06 kg, and 21.5±0.8 years old). No serious problems with their muscular or skeletal systems in the recent year. The kinematic and ground reaction force data were collected by the Vicon motion capture system and the Kistler force plates. Each sampling rate was 200 Hz and 1000 Hz respectively. The kinematic and kinetic data were filtered by General Cross Validation (GCV) of Nexus package software (Nexus) and calculated by Visual 3D software. Before the landing task, the 50% of the maximum jump-height was calculated and set as the target. In the landing task, the subjects were required to touch the target and land via a single-leg (dominant leg) on the force plate. After the landing task, the subjects followed the general fatigue protocol that was a series of step-up and bounding tasks at maximum intensity for 4 minutes as quickly and many times as possible which referenced from McLean, Felin, Suedekum, Calabrese Passerallo, and Joy (2007). After finished that, subjects implemented the landing task again. These landing data were compared between before fatigue and after fatigue by SPSS for Windows 18.0 paired t-tests, and the level of significance was α ≦ .05.
Results

The kinematic results were shown in Table 1. There were significant differences in flexion and abduction when comparing the range of motion (ROM) before and after fatigue. Table 2 was displayed the comparison of the peak knee moment before and after fatigue landing, the results of flexion and abduction moment had significantly differences.
Discussion

The general fatigue protocol could be used to simulate the effects of an actual game (McLean, Andrish & van den Bogert, 2005) effectively, and the changes from mechanical fatigue effects were likely to increase the risk of knee injuries. In this study, the effect of fatigue on jump-landing may indeed increased the risk of knee injuries. 

Many past studies suggested that valgus loading is a significant mechanism of non-contact ACL injury (Hewett, Myer & Ford, Heidt, Colosimo, McLean et al., 2005). In this study, the ROM in knee and the peak knee moment were significant increased which represented a higher risk of knee injury after executed the general fatigue protocol for these subjects. According to the results in this study, the ROM of flexion and the flexion peak moment also increased after fatigue. This phenomenon boosted activation of the quadriceps, and it added the knee anterior shear force at the same time (McLean et al., 2005). Overall, in current study, the fatigue effect increases knee instability and the risk of knee injuries.
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Table 1　 The Range of Motion in Knee
	
	Before Fatigue
	After Fatigue
	p value

	Flexion
	59.86±2.21 °
	65.02±3.30 °
	.002*

	Abduction
	8.38±2.27 °
	10.34±3.48 °
	.003*

	Internal Rot
	3.19±1.93 °
	3.53±2.20 °
	.067


Table 2　 The Peak Values of Knee Moment
	
	Before Fatigue
	After Fatigue
	p value

	Flexion
	3.88±0.84 BW
	4.48±1.03 BW
	.008*

	Abduction
	2.19±0.73 BW
	3.06±1.24 BW
	.011*

	Internal Rotation
	0.46±0.09 BW
	0.51±0.14 BW
	. 087


