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Assessment of neck and shoulder muscle fatigue using discrete wavelet 

transforms of surface electromyography 
 

Suman Kanti Chowdhury, Ashish D. Nimbarte, Majid Jaridi, Robert C. Creese 
Industrial and Management Systems Engineering 

West Virginia University 
 

Objective assessment of neuromuscular fatigue is important for the early detection and prevention of risks 
of work-related musculoskeletal disorders (MSDs). Although, in recent years, a number of researchers have 
used discrete wavelet transforms (DWT) of surface electromyography (SEMG) to evaluate muscle fatigue, 
its application to neck and shoulder muscle fatigue assessment is not well established. Therefore, the 
purpose of this study was to establish DWT analysis as a suitable method to conduct quantitative 
assessment of neck and shoulder muscle fatigue caused by dynamic exertions. Six human participants 
performed 40 minutes of fatiguing repetitive arm and neck exertions. SEMG data from the right upper 
trapezius and left sternocleidomastoid muscles were recorded. Six most commonly used orthogonal wavelet 
functions were used to conduct DWT analysis. With the development of fatigue for most of the wavelet 
functions a significant increase in the power in the lower frequency bands of 12-23Hz and 23-46Hz was 
observed. Bior 3.1 wavelet showed the highest power, statistically consistent and meaningful power trend 
and the highest overall power contrast compared to the remaining five wavelets tested in this study.  
 

 
INTRODUCTION 

 
According to U.S. Bureau of Labor Statistics (BLS, 

2011), there were total 346,400 cases of musculoskeletal 
disorders (MSDs) in 2010. Among these cases, neck and 
shoulder MSDs accounted for 16,980 and 87,040 cases, 
respectively, with 8 and 21 median days away from work 
compared to 8 days away from work for all cases combined.  
In the recent data published by the Bone and Joint Decade on 
Neck Pain Task Force an annual prevalence of 30% to 50% 
for neck pain amid the general adult population was reported 
(Côté et al., 2008). Among the various work-related factors 
that are identified as the risk factors of neck/shoulder work-
related MSDs, evidence for a causal relationship between 
repetitive arm and neck exertions and neck/shoulder WMSDs 
is mounting in the literature (Côté et al., 2008). Overuse of 
muscles, nerves, and/or joints caused by repetitive movement 
leads to muscle fatigue, which is believed to be the precursor 
of MSDs (Larsson, Sogaard, & Rosendal, 2007) and, 
therefore, quantitative assessment of muscle fatigue is 
essential for early detection and prevention of risks of work-
related MSDs. 
 A number of objective (strength, metabolite 
concentration, etc.) as well as subjective (perceived effort, 
discomfort ratings) assessment methods are being used for 
muscle fatigue assessment (Vøllestad, 1997). Most of these 
methods are sensitive to fatigue generated by high force or 
static sustained exertions, but, these methods are not receptive 
to the subtle physiological changes caused by sub-maximal 
repetitive exertions (Bonato, Gagliati, & Knaflitz, 1996).  
 Surface Electromyography (SEMG) is a non-invasive and 
fairly accurate tool for continuous monitoring of muscle 
fatigue during a physical activity. However, traditional 
methods for evaluating muscle fatigue using SEMG signals 
have typically relied on metrics such as changes in the 
mean/median of frequency spectrum obtained using fast 

Fourier transform (FFT) (Potvin, 1997) . Analysis using FFT 
algorithm assumes that the signal is stationary. Under 
repetitive dynamic conditions the SEMG signal is non-
stationary and therefore spectral changes estimated by FFT 
may not provide reliable assessment of muscle fatigue 
(Moshou, Hostens, Papaioannou, & Ramon, 2005). Short time 
Fourier transform (STFT) provides a possible solution to this 
problem, but, signal spectrum estimated by STFT is 
constrained by window size approximation. A short window 
size in STFT provides better time resolution, but poor 
frequency resolution; while a relatively long window size 
provides better frequency resolution but poor time resolution 
(Hostens, Seghers, Spaepen, & Ramon, 2004). 
 Analysis using discrete wavelet transform (DWT) 
provides a potential solution to this time and frequency 
resolution issue. DWT based analysis acts as a “mathematical 
microscope” in which one can observe different parts of the 
signal by just adjusting the focus. Another key advantage of 
DWT is the variety of wavelet functions available, thus 
allowing the most appropriate wavelet functions to be chosen 
for the signal under investigation. This is in contrast to Fourier 
analysis which is restricted to one feature morphology: the 
sinusoid.  
 Although, in recent years a number of studies have used 
DWT for evaluating muscle fatigue using SEMG (Kumar, 
Pah, & Bradley, 2003; Moshou et al., 2005), its application to 
neck and shoulder muscle fatigue assessment is not well 
established. Therefore, the purpose of this study is to establish 
wavelet analysis as a suitable method to conduct quantitative 
assessment of neck and shoulder muscle fatigue caused by 
repetitive exertions. 
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than others. The highest power of the detail coefficient was 
observed for Bior 3.1.  This wavelet also showed statistically 
consistent and meaningful trend not only in the12-23 Hz but 
also in the 23-43 Hz frequency bands. Furthermore the highest 
overall power contrast was also observed for this wavelet. 
Previously, Kumar et al., (2003) reported that the Sym4 and 
Sym5 wavelet functions estimated better power contrast 
between the fatigued and  non-fatigued  SEMG signal for the 
biceps-bracii muscle.  For the low back muscle fatigue 
estimation, Sparto et al., (1999) used Daubechies 6 (db6) 
wavelet function. Overall the results of this study indicate that 
“Biorthogonal with 3.1 scales (Bio3.1)” wavelet function 
predict the fatigue induced spectral changes in the neck and 
shoulder SEMG signal with high accuracy among the six 
wavelets tested in this study. 
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