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Abstract

            
The aim of the study was to assess neuromuscular changes during an intermittent
                    fatiguing task designed to replicate fundamental actions and ergonomics of road
                    race motorcycling. Twenty-eight participants repeated a sequence of submaximal
                    brake-pulling and gas throttle actions, interspaced by one maximal
                    brake-pulling, until failure. During the submaximal brake-pulling actions
                    performed at 30% MVC, force fluctuations, surface EMG, maximal M-wave
                        (Mmax) and H-reflex were measured in the flexor digitorum
                    superficialis. At the end of the task, the MVC force and associated EMG activity
                    decreased (P<0.001) by 46% and 26%, respectively.
                    During the task, force fluctuation and EMG activity increased gradually
                    (106% and 61%, respectively) with respect to the pre-fatigue
                    state (P≤0.029). The Mmax first phase did not change
                        (P≥0.524), whereas the H-reflex amplitude, normalized to
                        Mmax, increased (149%; P≤0.039).
                    Noteworthy, the relative increase in H-reflex amplitude was correlated with the
                    increase in EMG activity during the task (r=0.63;
                    P<0.001). During the 10-min recovery, MVC force and EMG activity
                    remained depressed (P≤0.05) whereas H-reflex amplitude and force
                    fluctuation returned to pre-fatigue values. In conclusion, contrarily to other
                    studies, our results bring forward that when mimicking motorcycling
                    brake-pulling and gas throttle actions, supraspinal neural mechanisms primarily
                    limit the duration of the performance.

         


            

Key word

            power grip - 
            forearm muscles - 
            Hoffmann reflex - 
            EMG activity - 
            M-wave
         



         

Supplementary Material

         
	
Supplementary Material



      









Publication History

Received: 08 May 2023


Accepted: 12 October 2023


Article published online:
14 December 2023



© 2023. Thieme. All rights reserved.

Georg Thieme Verlag
Rüdigerstraße 14, 70469 Stuttgart,
                    Germany




 




	
References


	
1 
               
                  Torrado P, 
               
               
                  Marina M, 
               
               
                  Baudry S. 
               
               et al. 
            Muscle Fatigue When Riding a Motorcycle: A Case Study. Int J Environ Res Public Health 2021; 18: 7738 



Google Scholar





	
2 
               
                  Marina M, 
               
               
                  Rios M, 
               
               
                  Torrado P. 
               
               et al. 
            Force-time course parameters and force fatigue model during an intermittent
                    fatigue protocol in motorcycle race riders. Scand J Med Sci Sports 2015; 25: 406-416 



Google Scholar





	
3 
               
                  Marina M, 
               
               
                  Torrado P, 
               
               
                  Bou-Garcia S. 
               
               et al. 
            Changes of agonist and synergist muscles activity during a sustained submaximal
                    brake-pulling gesture. J Electromyogr Kinesiol 2022; 65: 102677 



Google Scholar





	
4 
               
                  Marina M, 
               
               
                  Torrado P, 
               
               
                  Busquets A. 
               
               et al. 
            Comparison of an intermittent and continuous forearm muscles fatigue protocol
                    with motorcycle riders and control group. J Electromyogr Kinesiol 2013; 23: 84-93 



Google Scholar





	
5 
               
                  Bigland-Ritchie B, 
               
               
                  Cafarelli E, 
               
               
                  Vøllestad NK. 
               
            Fatigue of submaximal static contractions. Acta Physiol Scand Suppl 1986; 556: 137-148 



Google Scholar





	
6 
               
                  Bigland-Ritchie B, 
               
               
                  Furbush F, 
               
               
                  Woods JJ. 
               
            Fatigue of intermittent submaximal voluntary contractions: Central and
                    peripheral factors. J Appl Physiol 1986; 61: 421-429 



Google Scholar





	
7 
               
                  Taylor JL, 
               
               
                  Gandevia SC. 
               
            A comparison of central aspects of fatigue in submaximal and maximal voluntary
                    contractions. J Appl Physiol 2008; 104: 542-550 



Google Scholar





	
8 
               
                  Theodosiadou A, 
               
               
                  Henry M, 
               
               
                  Duchateau J. 
               
               et al. 
            Revisiting the use of Hoffmann reflex in motor control research on humans. Eur J Appl Physiol 2023; 123: 695-710 



Google Scholar





	
9 
               
                  Palmieri RM, 
               
               
                  Ingersoll CD, 
               
               
                  Hoffman MA. 
               
            The Hoffmann reflex: Methodologic considerations and applications for use in
                    sports medicine and athletic training research. J Athl Train 2004; 39: 268-277 



Google Scholar





	
10 
               
                  Duchateau J, 
               
               
                  Hainaut K. 
               
            Behaviour of short and long latency reflexes in fatigued human muscles. J Physiol 1993; 471: 787-799 



Google Scholar





	
11 
               
                  Kato T, 
               
               
                  Takeda Y, 
               
               
                  Tsuji T. 
               
               et al. 
            Further insights into post-exercise effects on H-reflexes and motor evoked
                    potentials of the flexor carpi radialis muscles. Motor Control 2003; 7: 82-99 



Google Scholar





	
12 
               
                  Brasil-Neto JP, 
               
               
                  Pascual-Leone A, 
               
               
                  Valls-Sole J. 
               
               et al. 
            Postexercise depression of motor evoked potentials: A measure of central nervous
                    system fatigue. Exp Brain Res 1993; 93: 181-184 



Google Scholar





	
13 
               
                  Vollestad NK, 
               
               
                  Sejersted OM, 
               
               
                  Bahr R. 
               
               et al. 
            Motor drive and metabolic responses during repeated submaximal contractions in
                    humans. J Appl Physiol 1988; 64: 1421-1427 



Google Scholar





	
14 
               
                  Taylor JL, 
               
               
                  Amann M, 
               
               
                  Duchateau J. 
               
               et al. 
            Neural Contributions to Muscle Fatigue: From the Brain to the Muscle and Back
                    Again. Med Sci Sports Exerc 2016; 48: 2294-2306 



Google Scholar





	
15 
               
                  Gandevia SC. 
               
            Spinal and Supraspinal Factors in Human Muscle Fatigue. Physiol Rev 2001; 81: 1725-1789 



Google Scholar





	
16 
               
                  Rodriguez-Falces J, 
               
               
                  Place N. 
               
            Determinants, analysis and interpretation of the muscle compound action
                    potential (M wave) in humans: Implications for the study of muscle fatigue. Eur J Appl Physiol 2018; 118: 501-521 



Google Scholar





	
17 
               
                  Torrado P, 
               
               
                  Cabib C, 
               
               
                  Morales M. 
               
               et al. 
            Neuromuscular Fatigue after Submaximal Intermittent Contractions in Motorcycle
                    Riders. Int J Sports Med 2015; 36: 922-928 



Google Scholar





	
18 
               
                  Rodriguez-Falces J, 
               
               
                  Maffiuletti NA, 
               
               
                  Place N. 
               
            Twitch and M-wave potentiation induced by intermittent maximal voluntary
                    quadriceps contractions: Differences between direct quadriceps and femoral nerve
                    stimulation. Muscle Nerve 2013; 48: 920-929 



Google Scholar





	
19 
               
                  Kennedy A, 
               
               
                  Hug F, 
               
               
                  Bilodeau M. 
               
               et al. 
            Neuromuscular fatigue induced by alternating isometric contractions of the ankle
                    plantar and dorsiflexors. J Electromyogr Kinesiol 2011; 21: 471-477 



Google Scholar





	
20 
               
                  Baudry S, 
               
               
                  Maerz AH, 
               
               
                  Gould JR. 
               
               et al. 
            Task- and time-dependent modulation of Ia presynaptic inhibition during
                    fatiguing contractions performed by humans. J Neurophysiol 2011; 106: 265-273 



Google Scholar





	
21 
               
                  Marina M, 
               
               
                  Torrado P, 
               
               
                  Baudry S. 
               
               et al. 
            Forearm muscles fatigue induced by repetitive braking on a motorcycle is best
                    discriminated by specific kinetic parameters. PLoS One 2021; 16: e0246242 



Google Scholar





	
22 
               
                  Green LA, 
               
               
                  McGuire J, 
               
               
                  Gabriel DA. 
               
            Flexor carpi radialis surface electromyography electrode placement for evoked
                    and voluntary measures. Muscle Nerve 2015; 52: 818-825 



Google Scholar





	
23 
               
                  Keenan KG, 
               
               
                  Farina D, 
               
               
                  Maluf KS. 
               
               et al. 
            Influence of amplitude cancellation on the simulated surface electromyogram. J Appl Physiol 2005; 98: 120-131 



Google Scholar





	
24 
               
                  Beck TW, 
               
               
                  Housh TJ, 
               
               
                  Cramer JT. 
               
               et al. 
            Electrode placement over the innervation zone affects the low-, not the
                    high-frequency portion of the EMG frequency spectrum. J Electromyogr Kinesiol 2009; 19: 660-666 



Google Scholar





	
25 
               
                  Riek S, 
               
               
                  Carson RG, 
               
               
                  Wright A. 
               
            A new technique for the selective recording of extensor carpi radialis longus
                    and brevis EMG. J Electromyogr Kinesiol 2000; 10: 249-253 



Google Scholar





	
26 
               
                  van Dijk JG, 
               
               
                  van der Kamp W, 
               
               
                  van Hilten BJ. 
               
               et al. 
            Influence of recording site on CMAP amplitude and on its variation over a length
                    of nerve. Muscle Nerve 1994; 17: 1286-1292 



Google Scholar





	
27 
               
                  Burke D, 
               
               
                  Adams RW, 
               
               
                  Skuse NF. 
               
            The effects of voluntary contraction on the H reflex of human limb muscles. Brain 1989; 112: 417-433 



Google Scholar





	
28 
               
                  Rodriguez-Falces J, 
               
               
                  Place N. 
               
            Muscle excitability during sustained maximal voluntary contractions by a
                    separate analysis of the M-wave phases. Scand J Med Sci Sports 2017; 27: 1761-1775 



Google Scholar





	
29 
               
                  Burke D. 
               
            Clinical uses of H reflexes of upper and lower limb muscles. Clin Neurophysiol Pract 2016; 1: 9-17 



Google Scholar





	
30 
               
                  Duchateau J, 
               
               
                  Balestra C, 
               
               
                  Carpentier A. 
               
               et al. 
            Reflex regulation during sustained and intermittent submaximal contractions in
                    humans. J Physiol 2002; 541: 959-967 



Google Scholar





	
31 
               
                  Enoka RM, 
               
               
                  Farina D. 
               
            Force Steadiness: From Motor Units to Voluntary Actions. Physiology 2021; 36: 114-130 



Google Scholar





	
32 
               
                  Enoka RM, 
               
               
                  Duchateau J. 
               
            Muscle fatigue: what, why and how it influences muscle function. J Physiol 2008; 586: 11-23 



Google Scholar





	
33 
               
                  Post M, 
               
               
                  Bayrak S, 
               
               
                  Kernell D. 
               
               et al. 
            Contralateral muscle activity and fatigue in the human first dorsal interosseous
                    muscle. J Appl Physiol 2008; 105: 70-82 



Google Scholar





	
34 
               
                  Bigland-Ritchie B, 
               
               
                  Johansson R, 
               
               
                  Lippold O. 
               
               et al. 
            Contractile speed and EMG changes during fatigue of sustained maximal voluntary
                    contractions. J Neurophysiol 1983; 50: 313-324 



Google Scholar





	
35 
               
                  Pascoe MA, 
               
               
                  Holmes MR, 
               
               
                  Stuart DG. 
               
               et al. 
            Discharge characteristics of motor units during long-duration contractions. Exp Physiol 2014; 99: 1387-1398 



Google Scholar





	
36 
               
                  Carpentier A, 
               
               
                  Duchateau J, 
               
               
                  Hainaut K. 
               
            Motor unit behaviour and contractile changes during fatigue in the human first
                    dorsal interosseus. J Physiol 2001; 534: 903-912 



Google Scholar





	
37 
               
                  Bigland-Ritchie B, 
               
               
                  Cafarelli E, 
               
               
                  Vollestad NK. 
               
            Fatigue of submaximal static contractions. Acta Physiol Scand 1986; 128: 137-148 



Google Scholar





	
38 
               
                  Duchateau J, 
               
               
                  Baudry S. 
               
            The neural control of coactivation during fatiguing contractions revisited. J Electromyogr Kinesiol 2014; 24: 780-788 



Google Scholar





	
39 
               
                  Levenez M, 
               
               
                  Kotzamanidis C, 
               
               
                  Carpentier A. 
               
               et al. 
            Spinal reflexes and coactivation of ankle muscles during a submaximal fatiguing
                    contraction. J Appl Physiol 1985; 2005: 1182-1188 



Google Scholar





	
40 
               
                  Booghs C, 
               
               
                  Baudry S, 
               
               
                  Enoka R. 
               
               et al. 
            Influence of neural adjustments and muscle oxygenation on task failure during
                    sustained isometric contractions with elbow flexor muscles. Exp Physiol 2012; 97: 918-929 



Google Scholar





	
41 
               
                  Seghers J, 
               
               
                  Spaepen A. 
               
            Muscle fatigue of the elbow flexor muscles during two intermittent exercise
                    protocols with equal mean muscle loading. Clin Biomech (Bristol, Avon) 2004; 19: 24-30 



Google Scholar





	
42 
               
                  Liu JZ, 
               
               
                  Shan ZY, 
               
               
                  Zhang LD. 
               
               et al. 
            Human brain activation during sustained and intermittent submaximal fatigue
                    muscle contractions: An FMRI study. J Neurophysiol 2003; 90: 300-312 



Google Scholar





	
43 
               
                  Lateva ZC, 
               
               
                  McGill KC, 
               
               
                  Burgar CG. 
               
            Anatomical and electrophysiological determinants of the human thenar compound
                    muscle action potential. Muscle and Nerve 1996; 19: 1457-1468 



Google Scholar





	
44 
               
                  Paasuke M, 
               
               
                  Rannama L, 
               
               
                  Ereline J. 
               
               et al. 
            Changes in soleus motoneuron pool reflex excitability and surface EMG parameters
                    during fatiguing low- vs. high-intensity isometric contractions. Electromyogr Clin Neurophysiol 2007; 47: 341-350 



Google Scholar





	
45 
               
                  Rodriguez-Falces J, 
               
               
                  Vieira T, 
               
               
                  Place N. 
               
               et al. 
            Potentiation of the first and second phases of the M wave after maximal
                    voluntary contractions in the biceps brachii muscle. Medical and Biological Engineering and Computing 2019; 57: 2231-2244 



Google Scholar





	
46 
               
                  Brerro-Saby C, 
               
               
                  Delliaux S, 
               
               
                  Steinberg JG. 
               
               et al. 
            Fatigue-induced changes in tonic vibration response (TVR) in humans:
                    relationships between electromyographic and biochemical events. Muscle Nerve 2008; 38: 1481-1489 



Google Scholar





	
47 
               
                  Rudomin P. 
               
            Presynaptic inhibition of muscle spindle and tendon organ afferents in the
                    mammalian spinal cord. Trends Neurosci 1990; 13: 499-505 



Google Scholar





	
48 
               
                  Jusic A, 
               
               
                  Baraba R, 
               
               
                  Bogunovic A. 
               
            H-reflex and F-wave potentials in leg and arm muscles. Electromyogr Clin Neurophysiol 1995; 35: 471-478 



Google Scholar





	
49 
               
                  Zehr EP. 
               
            Considerations for use of the Hoffmann reflex in exercise studies. Eur J Appl Physiol 2002; 86: 455-468 



Google Scholar










 

	
Supplementary Material





	
Supplementary Material











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 54.91.144.141
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  