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Abstract


The aim of this study was to assess the changes determined by increased cadence on skeletal muscle oxygenation during cycling at an exercise intensity equal to the ventilatory threshold (Tvent).
 
Nine healthy, active individuals with different levels of cycling experience exercised at a power output equal to Tvent, pedaling at cadences of 40, 50, 60, 70, 80 and 90 rpm, each for 4 min. Cadences were tested in a randomized counterbalanced sequence. Cardiopulmonary and metabolic responses were studied using an ECG for heart rate, and gas calorimetry for pulmonary oxygen uptake and carbon dioxide production. NIRS was used to determine the tissue saturation index (TSI), a measure of vastus lateralis oxygenation.


TSI decreased from rest to exercise; the magnitude of this TSI reduction was significantly greater when pedaling at 90 rpm (−14±4%), compared to pedaling at 40 (−12±3%) and 50 (−12±3%) rpm (P=0.027 and 0.017, respectively). Albeit small, the significant decrease in ΔTSI at increased cadence recorded in this study suggests that skeletal muscle oxygenation is relatively more affected by high cadence when exercise intensity is close to Tvent.






Key words

exercise - 
cycling - 
cadence - 
near-infrared spectroscopy - 
tissue saturation index - 
muscle - 
oxygen





 




	
References


	
1 

Ansley L, 


Cangley P. 

Determinants of optimal cadence during cycling. Eur J Sport Sci 2009; 9: 61-85 





CrossrefPubMedGoogle Scholar





	
2 

Belardinelli R, 


Barstow TJ, 


Porszasz J, 


Wasserman K. 

Changes in skeletal muscle oxygenation during incremental exercise measured with near infrared spectroscopy. Eur J Appl Physiol Occup Physiol 1995; 70: 487-492 





CrossrefPubMedGoogle Scholar





	
3 

Boone J, 


Barstow TJ, 


Celie B, 


Prieur F, 


Bourgois J. 

The impact of pedal rate on muscle oxygenation, muscle activation and whole-body VO(2) during ramp exercise in healthy subjects. Eur J Appl Physiol 2015; 115: 57-70 





CrossrefPubMedGoogle Scholar





	
4 

Boone J, 


Barstow TJ, 


Celie B, 


Prieur F, 


Bourgois J. 

The interrelationship between muscle oxygenation, muscle activation, and pulmonary oxygen uptake to incremental ramp exercise: Influence of aerobic fitness. Appl Physiol Nutr Metab 2016; 41: 55-62 





CrossrefPubMedGoogle Scholar





	
5 

Buchfuhrer MJ, 


Hansen JE, 


Robinson TE, 


Sue DY, 


Wasserman K, 


Whipp BJ. 

Optimizing the exercise protocol for cardiopulmonary assessment. J Appl Physiol Respir Environ Exerc Physiol 1983; 55: 1558-1564 





PubMedGoogle Scholar





	
6 

Caiozzo VJ, 


Davis JA, 


Ellis JF, 


Azus JL, 


Vandagriff R, 


Prietto CA, 


Mcmaster WC. 

A comparison of gas-exchange indexes used to detect the anaerobic threshold. J Appl Physiol Respir Environ Exerc Physiol 1982; 53: 1184-1189 





PubMedGoogle Scholar





	
7 

Chavarren J, 


Calbet JA. 

Cycling efficiency and pedaling frequency in road cyclists. Eur J Appl Physiol Occup Physiol 1999; 80: 555-563 





CrossrefPubMedGoogle Scholar





	
8 

Davis ML, 


Barstow TJ. 

Estimated contribution of hemoglobin and myoglobin to near infrared spectroscopy. Respir Physiol Neurobiol 2013; 186: 180-187 





CrossrefPubMedGoogle Scholar





	
9 

Ferrari M, 


Mottola L, 


Quaresima V. 

Principles, techniques, and limitations of near infrared spectroscopy. Can J Appl Physiol 2004; 29: 463-487 





CrossrefPubMedGoogle Scholar





	
10 

Ferreira LF, 


Lutjemeier BJ, 


Townsend DK, 


Barstow TJ. 

Effects of pedal frequency on estimated muscle microvascular O2 extraction. Eur J Appl Physiol 2006; 96: 558-563 





CrossrefPubMedGoogle Scholar





	
11 

Formenti F, 


Minetti AE, 


Borrani F. 

Pedaling rate is an important determinant of human oxygen uptake during exercise on the cycle ergometer. Physiol Rep 2015; 3: e12500 





CrossrefPubMedGoogle Scholar





	
12 

Garber CE, 


Blissmer B, 


Deschenes MR, 


Franklin BA, 


Lamonte MJ, 


Lee IM, 


Nieman DC, 


Swain DP, 


Med ACS. 

Quantity and quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: Guidance for prescribing exercise. Med Sci Sports Exerc 2011; 43: 1334-1359 





CrossrefPubMedGoogle Scholar





	
13 

Gaskill SE, 


Ruby BC, 


Walker AJ, 


Sanchez OA, 


Serfass RC, 


Leon AS. 

Validity and reliability of combining three methods to determine ventilatory threshold. Med Sci Sports Exerc 2001; 33: 1841-1848 





CrossrefPubMedGoogle Scholar





	
14 

Grassi B, 


Quaresima V. 

Near-infrared spectroscopy and skeletal muscle oxidative function in vivo in health and disease: A review from an exercise physiology perspective. J Biomed Opt 2016; 21: 091313 





CrossrefPubMedGoogle Scholar





	
15 

Grassi B, 


Quaresima V, 


Marconi C, 


Ferrari M, 


Cerretelli P. 

Blood lactate accumulation and muscle deoxygenation during incremental exercise. J Appl Physiol (1985) 1999; 87: 348-355 





CrossrefPubMedGoogle Scholar





	
16 

Hagberg JM, 


Mullin JP, 


Giese MD, 


Spitznagel E. 

Effect of pedaling rate on submaximal exercise responses of competitive cyclists. J Appl Physiol Respir Environ Exerc Physiol 1981; 51: 447-451 





PubMedGoogle Scholar





	
17 

Hamaoka T, 


McCully KK, 


Niwayama M, 


Chance B. 

The use of muscle near-infrared spectroscopy in sport, health and medical sciences: Recent developments. Philos Trans A Math Phys Eng Sci 2011; 369: 4591-4604 





CrossrefPubMedGoogle Scholar





	
18 

Harriss D, 


MacSween A, 


Atkinson G. 

Standards for ethics in sport and exercise science research: 2018 update. Int J Sports Med 2017; 38: 1126-1131 





Article in Thieme ConnectPubMedGoogle Scholar





	
19 

Hill AV. 

The pressure developed in muscle during contraction. J Physiol 1948; 107: 518-526 





CrossrefPubMedGoogle Scholar





	
20 

Hirano M, 


Shindo M, 


Mishima S, 


Morimura K, 


Higuchi Y, 


Yamada Y, 


Higaki Y, 


Kiyonaga A. 

Effects of 2 weeks of low-intensity cycle training with different pedaling rates on the work rate at lactate threshold. Eur J Appl Physiol 2015; 115: 1005-1013 





CrossrefPubMedGoogle Scholar





	
21 

Hirvonen L, 


Sonnenschein RR. 

Relation between blood flow and contraction force in active skeletal muscle. Circ Res 1962; 10: 94-99 





CrossrefPubMedGoogle Scholar





	
22 

Hoogeveen AR, 


Hoogsteen GS. 

The ventilatory threshold, heart rate, and endurance performance: Relationships in elite cyclists. Int J Sports Med 1999; 20: 114-117 





Article in Thieme ConnectPubMedGoogle Scholar





	
23 

Jacobs RD, 


Berg EK, 


Slivka DR, 


Noble JM. 

The effect of cadence on cycling efficiency and local tissue oxygenation. J Strength Cond Res 2013; 27: 637-642 





CrossrefPubMedGoogle Scholar





	
24 

Kounalakis SN, 


Geladas ND. 

Cardiovascular drift and cerebral and muscle tissue oxygenation during prolonged cycling at different pedaling cadences. Appl Physiol Nutr Metab 2012; 37: 407-417 





CrossrefPubMedGoogle Scholar





	
25 

Lai N, 


Zhou HY, 


Saidel GM, 


Wolf M, 


McCully K, 


Gladden LB, 


Cabrera ME. 

Modeling oxygenation in venous blood and skeletal muscle in response to exercise using near-infrared spectroscopy. J Appl Physiol 2009; 106: 1858-1874 





CrossrefPubMedGoogle Scholar





	
26 

Lucia A, 


Hoyos J, 


Chicharro JL. 

Preferred pedaling cadence in professional cycling. Med Sci Sports Exerc 2001; 33: 1361-1366 





CrossrefPubMedGoogle Scholar





	
27 

Mancini DM, 


Bolinger L, 


Li H, 


Kendrick K, 


Chance B, 


Wilson JR. 

Validation of near-infrared spectroscopy in humans. J Appl Physiol 1994; 77: 2740-2747 





CrossrefPubMedGoogle Scholar





	
28 

Marcinek DJ, 


Amara CE, 


Matz K, 


Conley KE, 


Schenkman KA. 

Wavelength shift analysis: A simple method to determine the contribution of hemoglobin and myoglobin to in vivo optical spectra. Appl Spectrosc 2007; 61: 665-669 





CrossrefPubMedGoogle Scholar





	
29 

McManus CJ, 


Collison J, 


Cooper CE. 

Performance comparison of the MOXY and PortaMon near-infrared spectroscopy muscle oximeters at rest and during exercise. J Biomed Opt 2018 23: 1-14 





PubMedGoogle Scholar





	
30 

Seiyama A, 


Hazeki O, 


Tamura M. 

Noninvasive quantitative analysis of blood oxygenation in rat skeletal muscle. J Biochem 1988; 103: 419-424 





CrossrefPubMedGoogle Scholar





	
31 Shastri L, Alkhalil M, Forbes C, El-Wadi T, Rafferty GF, Ishida K, Formenti F. Skeletal muscle oxygenation during cycling at different power output and cadence. Physiol Rep 2019; 7: e13963 





PubMed





	
32 

Skovereng K, 


Ettema G, 


van Beekvelt M. 

The effect of cadence on shank muscle oxygen consumption and deoxygenation in relation to joint specific power and cycling kinematics. PLoS One 2017; 12: e0169573 





CrossrefPubMedGoogle Scholar





	
33 

Skovereng K, 


Ettema G, 


van Beekvelt MC. 

Oxygenation, local muscle oxygen consumption and joint specific power in cycling: The effect of cadence at a constant external work rate. Eur J Appl Physiol 2016; 116: 1207-1217 





CrossrefPubMedGoogle Scholar





	
34 

Takaishi T, 


Ishida K, 


Katayama K, 


Yamazaki K, 


Yamamoto T, 


Moritani T. 

Effect of cycling experience and pedal cadence on the near-infrared spectroscopy parameters. Med Sci Sports Exerc 2002; 34: 2062-2071 





CrossrefPubMedGoogle Scholar





	
35 

Takaishi T, 


Sugiura T, 


Katayama K, 


Sato Y, 


Shima N, 


Yamamoto T, 


Moritani T. 

Changes in blood volume and oxygenation level in a working muscle during a crank cycle. Med Sci Sports Exerc 2002; 34: 520-528 discussion 529 





CrossrefPubMedGoogle Scholar





	
36 

Tran TK, 


Sailasuta N, 


Kreutzer U, 


Hurd R, 


Chung Y, 


Mole P, 


Kuno S, 


Jue T. 

Comparative analysis of NMR and NIRS measurements of intracellular PO2 in human skeletal muscle. Am J Physiol 1999; 276: R1682-R1690 





PubMedGoogle Scholar





	
37 

Urhausen A, 


Coen B, 


Weiler B, 


Kindermann W. 

Individual anaerobic threshold and maximum lactate steady state. Int J Sports Med 1993; 14: 134-139 





Article in Thieme ConnectPubMedGoogle Scholar





	
38 

Whitty AG, 


Murphy AJ, 


Coutts AJ, 


Watsford ML. 

Factors associated with the selection of the freely chosen cadence in non-cyclists. Eur J Appl Physiol 2009; 106: 705-712 





CrossrefPubMedGoogle Scholar





	
39 

Zoladz JA, 


Rademaker AC, 


Sargeant AJ. 

Human muscle power generating capability during cycling at different pedaling rates. Exp Physiol 2000; 85: 117-124 





CrossrefPubMedGoogle Scholar





	
40 

Zorgati H, 


Collomp K, 


Amiot V, 


Prieur F. 

Effect of pedal cadence on the heterogeneity of muscle deoxygenation during moderate exercise. Appl Physiol Nutr Metab 2013; 38: 1206-1210 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 44.195.37.82
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  