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Abstract

Objective: To identify the difference in infraspinatus, posterior deltoid, and teres minor muscle fatigability
between the dominant and non-dominant side in elite volleyball players and to examine the differences between
three sEMG signal processing methods used in assessment of shoulder muscle imbalance due to fatigue in
volleyball players.

Methods: In 18 male volleyball players (21-26 years; 186.6 ± 8.4 cm; 85.7 ± 9.8 kg) with no previous shoulder
injury the bioelectrical activity of the right and left infraspinatus, posterior deltoid, and teres minor muscles was
measured during 60 seconds of isometric contraction in prone position with the shoulder in external rotation. Fatigue
related changes as mean frequency shift were calculated from the RAW sEMG signal using 3 processing methods:
FFT (Fast Fourier Transform), STFT (Short Time Fourier Transform) and CWT (Morlet Continues Wavelet
Transform).

Results:
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[13-15]. Therefore, the differences in clinical usefulness of different
methods of sEMG signal processing in the evaluation of muscle fatigue
due to physical effort needs comprehensive investigation.

These small differences in sEMG signal spectral frequency due to
signal processing method may be crucial in muscle imbalance
assessment [16,17]. The appropriate assessment of shoulder muscle
fatigability is crucial in prevention, diagnosis and management of
strain and acute injuries which is especially important in sport
performance [18]. Because the shoulder strain and acute injuries in
overhead athletes are important and common problems, there is a need
to verify the factors which may be the source of misdiagnosis.

The aim of this investigation was to identify the difference in
infraspinatus, posterior deltoid, and teres minor muscle fatigability
between the dominant and non-dominant side in elite volleyball
players. We have hypothesized that if the differences in muscle
fatigability between dominant (more loaded) and non-dominant (less
loaded) side are visible immediately following isolated fatigue, this
may suggest the presence of shoulder muscle chronic overloading and
higher predisposition of more fatigued muscles to strain injury.

The secondary aim of this study was to examine the differences
between three sEMG signal processing methods used in assessment of
shoulder muscle imbalance due to fatigue in volleyball players.

Materials and Methods

Participants



Figure 1: The mean frequency slope in the dominant and non-dominant infraspinatus (A), posterior deltoid (B) and teres minor (C) muscles
obtained by FFT, STFT and CWT sEMG signal processing methods. *p<0.05 significantly different value in FFT vs. CWT, **p<0.05
significantly different value in STFT vs. CWT.

Figure 2: The mean frequency intercept (Hz) in the dominant and non-dominant infraspinatus (A), posterior deltoid (B) and teres minor (C)
muscles obtained by FFT, STFT and CWT sEMG signal processing methods. *p<0.05 significantly different value in FFT vs. CWT, **p<0.05
significantly different value in STFT vs. CWT.

Figure 3: The mean frequency difference (%) in the dominant and non-dominant infraspinatus (A), posterior deltoid (B) and teres minor (C)
muscles obtained by FFT, STFT and CWT sEMG signal processing methods.

Discussion
The most important information obtained in this study is the

observation that in elite volleyball players, the fatigue indices in
muscles of the shoulder region were similar on both the-dominant and

non-dominant sides. The lack of significant differences in fatigability
between shoulder muscles which are more loaded during training
(dominant) and less loaded (non-dominant) may suggest that muscles
on both sides were similarly resistant to fatigue. It may indicate that
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intensive training without additional risk factors of shoulder strain



The sEMG is widely used in diagnosis of muscle disorders and as a
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