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Summary 

Fatigue decreases the performance and affects the postural 

control, but its after effect duration is not clear yet. This study 

aimed to investigate the effect of a specific fatigue protocol 

for handball athletes in the postural control. Handball athletes 

stood quietly on the force plate for 30 s. In addition, they 

executed a countermovement jump to compute the maximum 

propulsion force. The fatigue protocol was composed of 

specific actions that are daily practiced. The force reduced 

after the fatigue protocol and lasted for four minutes. Further, 

the postural sway returned to its initial values after four 

minutes. In conclusion, the athletes increased their postural 

sway and decreased their capacity to produce force but 

returned to baseline values after four minutes of the fatigue 

protocol. 

Introduction 

Fatigue is a case of interaction between intrinsic and extrinsic 

factors and is characterized by a decrease in muscle 

performance accompanied by an increase in the perceived 

effort to exercise and produce a desired amount of force. 

Fatigue impairs the knee position sense, resulted from changes 

in joint and muscle receptors, which in turn affects the muscle 

output to control the joint [1]. However, the fatigue effect on 

balancing tasks are not completely understood [2], especially 

the time course of the postural sway parameters during the 

recovery phase. 

Methods 

Twenty female handball athletes participated in this study 

(21.9 ± 3.4 years; 63.5 ± 9.1 kg; 1.76 ± 0.07 m). They stood 

upright in a one-leg posture supported by the non-dominant 

limb on a force plate (Bertec, Columbus, USA, sampling 

frequency: 5000 Hz). The center of pressure (COP) and the 

maximum propulsion force (FMAX) were obtained at baseline, 

immediately after the exhaustion due to the fatigue protocol 

and every minute during the first 10 min of the recovery 

phase. For the postural-sway measures, participants stood on 

the force plate for 30 s with eyes opened looking to a target. 

Based on the COP displacement, the ellipse area containing 

95% of the COP data points (Area) was computed. The FMAX 

was measured during a countermovement jump. The data were 

filtered with a low-pass 4ª Butterworth digital filter with a cut-

off frequency of 10 and 5 Hz for the COP and FMAX data, 

respectively. Specific handball actions composed the fatigue 

protocol in the format of a circuit with the gradual increment 

of laps. To identify the effect of fatigue on the dependent 

variables in the rest, fatigue state and recovery, the one-way 

ANOVA with repeated measures was used with the 

significance at 95%.  

Results and Discussion 

Force and postural sway were affected by fatigue. The force 

decreased ~9.5% after the fatigue protocol (F3,57 = 7.75; p = 

0.01) and returned to baseline values during the recovery 

phase at the fifth minute (Figure 1). 

Figure 1: Mean ± SE for the vertical force at the countermovement 

jump at rest and every minute after the fatigue protocol. 

 
Figure 2: Mean ± SE for the area at rest and recovery after the 

fatigue protocol.  

For the postural sway, the Area decreased during the recovery 

phase until the fourth minute (F10,190 = 2.53; p = 0.007). This 

restoration can result from different strategies used to reduce 

the sway such as sensory, cognitive and motor strategies [3]. 

Conclusion 

The fatigue protocol affected postural sway and force 

variables, which returned to baseline values after four minutes 

of the protocol. Therefore, we suggest that future fatigue 

analyses should be tested during this time window. 
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