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Muscle fatigue is defined as a decline in the ability to maintain a desired force against a load. Muscle fatigue 
may also be described as a decline in the muscle’s maximum force during contraction. In contrast to muscle 
damage or weakness, characterized by a compromise in the ability of well-rested muscles to generate force, 
muscle fatigue is generally reversible with rest [2]. In a muscle experiencing fatigue, the nerves cannot 
sustain the high frequency signal necessary to reach the Maximum Contraction (MC) for a long time, 
resulting in a decline in muscle force during a sustained contraction. Due to its utility in providing 
information about nerve signaling and muscle’s electrical activity, surface electromyography (sEMG) is 
currently the dominant method to detect muscle fatigue [2]. Mechanomyography (MMG) can reveal unique 
information that cannot be derived from the sEMG signal alone about the physiological behavior of muscles 
during contraction. However, more information may be needed about the ability of MMG to measure 
changes in muscle’s activation patterns and mechanical properties that occur with muscle fatigue. 
Additionally, investigating the force-dependent characteristics of the MMG signal can provide information 
about physiological properties such as muscle activation strategies and fiber type distribution, which can 
be used to explore factors contributing to fatigue responses [1]. The purpose of this study is to examine and 
analyze the electrical and mechanical muscle responses to submaximal isometric contractions, as well as 
force-varying trapezoidal contractions in the rectus femoris muscle.  

After approval by the University of Central Florida Institutional Review Board, healthy volunteers (n = 16) 
with no history of neuromuscular disease or intolerance of knee extension were seated in an ergometer 
(Figure 1). The skin of the anterior thigh over the rectus femoris and over the patella was shaved as 
necessary to remove hair.  The skin was then cleaned with alcohol wipes and a lightweight accelerometer 
was affixed to a point on the anterior thigh, halfway between the inguinal crease and the patella, as shown 
in Figure 1. Positive and negative sEMG electrodes were placed on either side of the accelerometer and the 
ground electrode was placed over the patella. The MMG accelerometer signal was amplified by an ICP 
sensor amplifier (PCB piezotronics, Depew, NY).  The force 
generated by isometric contraction was measured with a force 
gauge. The force, sEMG, and MMG signals were digitized by 
the iWorx-TA recorder (iWorx, Dover, NH) at a rate of 
2000Hz. 

The data collection protocol is shown in Figure 2 and follows 
typical loading conditions [1]. After a warm-up period 
mimicking the trapezoidal contractions, participants 
performed 2 sets of 5-second maximal isometric contractions 
to estimate the maximum force generated. Maximal 
contractions were separated by a 30-second rest period. To 
study the MMG and sEMG signals at varying force levels, 
participants then performed a trapezoidal contraction. 
Trapezoidal contractions consisted of 5 seconds at 5% 
maximal voluntary contraction (MVC), a 5-second linear 

 
Figure 1. Experimental setup and sensor 
placement 
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increase from 5-100% MVC, a 5-second plateau at 100% MVC, a 5-second linear decrease from 100-5% 
MVC, and a 5-second isometric contraction at 5% MVC. After the trapezoidal contractions, participants 
performed two fatiguing isometric contractions at 50% MVC. Participants then performed a stretching 
protocol consisting of three 60-second passive knee flexions to the point of discomfort, intended to decrease 
the stiffness of the quadriceps femoris. After stretching, participants then repeated 1 isometric maximal 
contraction, 3 trapezoidal contractions, and 2 fatiguing contractions, using the same protocols described 
above.  

Pilot data from one subject is shown in Figure 3, suggesting the ability of participants to follow the protocol 
and technical feasibility of measurements. The pilot data also demonstrates the ability to calculate MMG 
and sEMG root mean square (RMS) amplitude and mean power frequency (MPF). The channels labeled 
“MMG X”, “MMG Y”, and “MMG Z” represent the MMG signal in the lateral, longitudinal, and 
perpendicular directions, respectively. The channel labeled “EMG” corresponds to the sEMG signal, and 
the channel labeled “Force” corresponds to the measured force. MMG RMS amplitude and MMG MPF for 
this contraction were both calculated using MATLAB (MathWorks, Natick, MA). MMG MPF during 
fatiguing contractions is a biologically interesting variable because of its ability to potentially provide 
unique information about fiber type [1]. 

Similarly, some studies suggest that force-varying RMS amplitude of the MMG signal can provide unique 
information on activation strategies [1]. Data analysis of subsequent contractions, both pre- and post-
stretching, will include MMG MPF, MMG RMS amplitude, sEMG RMS amplitude, and sEMG MPF. 
sEMG and MMG may also find future applications in monitoring patients with muscle conditions as well 
as in informing in silico modeling of skeletal muscle function.  

 
Figure 2. Data collection protocol 



A. Benwali et al.: Non-invasive Evaluation…  Page 3 of Error! Bookmark not defined. 

978-1-6654-7029-2/22/$31.00 ©2022 IEEE IEEE SPMB 2022 December 3, 2022 

REFERENCES 

[1] T.J. Herda, T.J. Housh, A.C. Fry, J.P. Weir, B.K. Schilling, E.D. Ryan, J.T. Cramer, “A 
noninvasive, log-transform method for fiber type discrimination using mechanomyography,” in 
Journal of Electromyography and Kinesiology, 2010. pp. 787-7942.  

[2] H.A. Yousif, A. Zakaria, N.A. Rahim, A.F. Bin Salleh, M. Mahmood, K.A. Alfarhan, L.A. 
Kamaruhin, S.M. Mamduh, A.M. Hasan, M.K. Hussain. “Assessment of muscle fatigue based on 
Surface EMG Signals: A Review”, in IOP Conference Series: Materials Science and Engineering, 
2019. 

  

 

Figure 3. Unfiltered (top) and filtered (bottom) Force, MMG and sEMG 
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