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Abstract
Introduction. Monitoring muscle stiffness in athletes can be a good method of assessing fatigue caused by high training loads,
and the early detection of fatigue can help prevent the occurrence of micro-trauma in the muscles that can cause contusions.
The research carried out by Wilson et al. [1] confirmed that an optimal level of muscle stiffness is significantly correlated with
high muscle loads. The aim of the current study was to determine changes in muscle stiffness of the left and right thighs during
six weeks of plyometric training (PT) in volleyball players. Material and methods. The study involved 16 volleyball players from
the second-league Opole University of Technology Club (age = 21.12 ± 1.66 years, height = 191.62 ± 5.73 cm, and weight = 86.25 ±
6.66 kg) with at least five years of competitive experience (7.5 ± 2.44 years). Muscle stiffness was measured during three stages
of the plyometric training using a MYOTON PRO device (Estonia). Results. An RM-ANOVA analysis showed a significant difference in the resting stiffness of the semitendinosus (posterior thigh) muscles of the left and right limbs before the plyometric
training began, but no significant differences were found in the stiffness of these muscles in the fourth or sixth weeks of training. The results of the measurement performed for the anterior muscles of the thigh did not reveal a significant difference in
the stiffness of the left limb compared to that of the right limb in subsequent weeks of training. Conclusion. The loads used in
plyometric training in volleyball players caused a decrease in the differences in muscle stiffness between the left and right limbs,
and in both limbs, adaptation trended towards an increase or a decrease in stiffness.
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Introduction
Preparing professional volleyball players for participation
in competitions requires undertaking rational actions with respect to developing the players’ motor, technical, and tactical
skills. The modern training process has to make it possible for
players to sustain very high loads during the match, since increasing fatigue may cause players to make errors during the
game. Adequate planning of the training of volleyball players for
competitions involves selecting specific methods, maintaining
appropriate proportions between training loads, competition
loads, and effective recovery, as well as administering adequate
dietary supplementation.
One of the ways of preventing muscle overload in athletes
is monitoring muscle stiffness, which can be a reliable parameter for assessing fatigue caused by high training loads. Detecting fatigue early can help prevent micro-trauma in the muscles which can lead to contusions. The research carried out by
Wilson et al. [1] has confirmed that an optimal level of muscle stiffness is significantly correlated with increases in muscle load. In the current study, the volleyball players completed

a six-week plyometric training (PT) programme during the preparatory period before the season, and the effects of this programme were assessed by measuring the increases or decreases
in the level of stiffness of the thigh muscles in both lower limbs.
Studies involving young healthy men with low or moderate levels of physical activity [2] have shown that the relative ratio between the stiffness of the anterior and posterior thigh muscles
is approximately 1:1. It was found that asymmetry amounting to
15% increases the risk of injury [3]. In other studies, asymmetry
in muscle stiffness was 6%, and, as suggested by the authors [4],
such results indicate that an asymmetry of stiffness parameters
amounting to 10% may be evidence of abnormalities in muscle stiffness in young healthy males who do not practise sports.
Other research has confirmed that muscle stiffness asymmetry
for the quadriceps in healthy older men is not high, and the
differences between the dominant and non-dominant limbs
amount to approximately 2.5% for all muscle parameters [5].
Our innovative research into muscle stiffness in volleyball
players can make it possible to use this parameter as a reliable
predictor of fatigue caused by overtraining. Masi et al. [6] have
shown that the objective measurement of the tone, tension, and
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