
    
    

    
    

    

    
    
    
      
    
    international journal of sports medicine


    
    
    
    



    

      

  
    	
          
            DE
          
        
	
          EN
        
	
        
          Home
        
      
	
        Products
        	
            
              Journals
            
          
	
            
              Books
            
          
	
            
              Book Series
            
          


        

      
	
        Service
        	
            
              Library Service
            
          


        

      
	
        Help
      
	
        
          Contact
        
      
	
        
          Portal
        
      


  

  
    
    
      
        International Journal of Sports Medicine
      
    

    

  
    
    
      
        
          Full-text search
        

      

      	Full-text search
	Author Search
	Title Search
	DOI Search
	Metadata Search


    

    
    
    
    
  




  

  
    


  



  	
	
	
	
	
	
        
          Journal
        
        	
                Aims and Scope
              
	
                Editorial Board
              
	
                German National License
              
	
                Imprint
              


      
	
        
          Authors
        
        	
                Instructions for Authors
              
	
                Submit a Manuscript
              


      
	
          
            Subscription
          
          	
                  Subscription Information & Contacts
                
	
                  Institutional Licensing
                


        
	
        
        
        
          
        
          
            IJSM WOMEN
            
          
        
          
        
          
        
          
        
          
        
        	
                Article Collection
              
	
                About Women in Medicine
              


      
	
        
        
        
          
        
          
            Social Media
            
          
        
          
        
          
        
        	
                X
              


      





    	
        
        
        
        
        
        
          
          
            
              Not Logged In
            
             
              Login
            
            
              	
                  
                    
                      
                      
                      
                      
                        Username or e-mail address: 
                        
                      

                      
                        Password:
                        
                      

                      
                        
                      

                      Forgot Access Data?
                      
                        Register Now
                      
                      
                        OpenAthens/Shibboleth Login
                      
                    

                  
                


            

          
        
        

        

      
	
        
        
          Shopping Cart
        
        









        
        
      


  

  
    
      
    

    
    
      
    
    
    
    
    
    
    
    
    
      
        
          
        

      
    
  




      

      

      
        




  



  

  
    
    
      
      
    

    
    
      
        
          
          
          
          
            Year (Archive)
            
              
                
                  2016
                

              

              	
                      
                      
                      
                      
                        2024
                      
                    
	
                      
                      
                      
                      
                        2023
                      
                    
	
                      
                      
                      
                      
                        2022
                      
                    
	
                      
                      
                      
                      
                        2021
                      
                    
	
                      
                      
                      
                      
                        2020
                      
                    
	
                      
                      
                      
                      
                        2019
                      
                    
	
                      
                      
                      
                      
                        2018
                      
                    
	
                      
                      
                      
                      
                        2017
                      
                    
	
                      
                      
                      
                      
                        2016
                      
                    
	
                      
                      
                      
                      
                        2015
                      
                    
	
                      
                      
                      
                      
                        2014
                      
                    
	
                      
                      
                      
                      
                        2013
                      
                    
	
                      
                      
                      
                      
                        2012
                      
                    
	
                      
                      
                      
                      
                        2011
                      
                    
	
                      
                      
                      
                      
                        2010
                      
                    
	
                      
                      
                      
                      
                        2009
                      
                    
	
                      
                      
                      
                      
                        2008
                      
                    
	
                      
                      
                      
                      
                        2007
                      
                    
	
                      
                      
                      
                      
                        2006
                      
                    
	
                      
                      
                      
                      
                        2005
                      
                    
	
                      
                      
                      
                      
                        2004
                      
                    
	
                      
                      
                      
                      
                        2003
                      
                    
	
                      
                      
                      
                      
                        2002
                      
                    
	
                      
                      
                      
                      
                        2001
                      
                    
	
                      
                      
                      
                      
                        2000
                      
                    
	
                      
                      
                      
                      
                        1999
                      
                    
	
                      
                      
                      
                      
                        1998
                      
                    
	
                      
                      
                      
                      
                        1997
                      
                    
	
                      
                      
                      
                      
                        1996
                      
                    
	
                      
                      
                      
                      
                        1995
                      
                    
	
                      
                      
                      
                      
                        1994
                      
                    
	
                      
                      
                      
                      
                        1993
                      
                    
	
                      
                      
                      
                      
                        1992
                      
                    
	
                      
                      
                      
                      
                        1991
                      
                    
	
                      
                      
                      
                      
                        1990
                      
                    
	
                      
                      
                      
                      
                        1989
                      
                    
	
                      
                      
                      
                      
                        1988
                      
                    
	
                      
                      
                      
                      
                        1987
                      
                    
	
                      
                      
                      
                      
                        1986
                      
                    
	
                      
                      
                      
                      
                        1985
                      
                    
	
                      
                      
                      
                      
                        1984
                      
                    
	
                      
                      
                      
                      
                        1983
                      
                    
	
                      
                      
                      
                      
                        1982
                      
                    
	
                      
                      
                      
                      
                        1981
                      
                    
	
                      
                      
                      
                      
                        1980
                      
                    


            

          

          
          
          
            Issues
            

          

        


        	
                Table of Contents
              
	
            
              
                Current Issue
              
            
          
	
              
                Free Sample Issue (01/2024)
              
            


      
    

    
    
      

  
  
    
      
      
    
    
      
        
        
      

    
  



    
    
    

    

    

    
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
        
      
    
      
    
      
        
      
    
      
        
          
            
              Related Journals
            

            
              	
                      
                        

                        
                          Sports Medicine International Open
                        

                      
                    
	
                      
                        

                        
                          The Journal of Hip Surgery
                        

                      
                    
	
                      
                        

                        
                          Journal of Knee Surgery
                        

                      
                    
	
                      
                        

                        
                          Journal of Wrist Surgery
                        

                      
                    
	
                      
                        

                        
                          Chilean Journal of Orthopaedics and Traumatology
                        

                      
                    


            

          

        
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
  

    
  

  
  
  






  
  

  
    

  
  
    
      
      
    
    
      
      
    
  



    


  

    

    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    
      
    

    
    
    

    
      
        
          Subscribe to RSS

          Please copy the URL and add it into your RSS Feed Reader.

          
          https://www.thieme-connect.de/rss/thieme/en/10.1055-s-00000028.xml
        

      

    

    

    

    
      
        
      
    

    
      
        
      

      
        
      

      
        
          Share / Bookmark

          Facebook
          X
          Linkedin
          Weibo
        

      

    

    

    

    
      
          
              
          
      
    

    

    

    
      
        
        
          
          
          
        
      
    
  


  
    
      
        
          
            
              Download PDF
            
          
        
      

      
        
          
            
          
        
      

    

  

  

  
  
    
  
  




    
    
Int J Sports Med 2016; 37(14): 1129-1135
DOI: 10.1055/s-0042-110655


Training & Testing



© Georg Thieme Verlag KG Stuttgart · New York
Estimating Energy Expenditure using Individualized, Power-Specific Gross Efficiencies


E. P. Homestead


1
           
        Department of Integrative Physiology, University of Colorado Boulder, Boulder, United States

, 


J. E. Peterman


1
           
        Department of Integrative Physiology, University of Colorado Boulder, Boulder, United States

, 


L. A. Kane


1
           
        Department of Integrative Physiology, University of Colorado Boulder, Boulder, United States

, 


E. J. Contini


1
           
        Department of Integrative Physiology, University of Colorado Boulder, Boulder, United States

, 


W. C. Byrnes


1
           
        Department of Integrative Physiology, University of Colorado Boulder, Boulder, United States



› Author Affiliations

Further Information


Publication History






accepted after revision  06 July 2016


Publication Date:
13 October 2016 (online)










Also available at





	
Abstract

	
Full Text

	
References




 



 Buy Article Permissions and Reprints








Abstract


Our purpose was to determine if using an individual’s power-specific gross efficiency improves the accuracy of estimating energy expenditure from cycling power. 30 subjects performed a graded cycling test to develop 4 gross efficiencies: individual power-specific gross efficiencies, a group mean power-specific gross efficiency, individual fixed gross efficiencies, and a group mean fixed gross efficiency. Energy expenditure was estimated from power using these different gross efficiencies and compared to measured energy expenditure during moderate- and hard-intensity constant-power and 2 variable-power cycling bouts. Estimated energy expenditures using individual or group mean power-specific gross efficiencies were not different from measured energy expenditure across all cycling bouts (p>0.05). To examine the intra-individual variability of the estimates, absolute difference scores (absolute value of estimated minus measured energy expenditure) were compared, where values closer to zero represent more accurate individual estimates. The absolute difference score using individual power-specific gross efficiencies was significantly lower compared to the other gross efficiencies across all cycling bouts (p<0.01). Significant and strong correlations (r≥0.97, p<0.001) were found across all cycling bouts between estimated and measured energy expenditures using individual power-specific gross efficiencies. In conclusion, using an individual’s power-specific gross efficiency significantly improves their energy expenditure estimate across different power outputs.






Key words

cycling economy - 
oxygen uptake - 
power meters





 




	
References


	
1 Ainslie PN, Reilly T, Westerterp KR. Estimating human energy expenditure: a review of techniques with particular reference to doubly labelled water. Sports Med 2003; 33: 683-698 





CrossrefPubMedGoogle Scholar





	
2 Allen H, Coggan A. Training and racing with a power meter. 2nd ed.  Boulder (CO): Velo Press; 2010: 11-12 





Google Scholar





	
3 Barnes KR, Hopkins WG, Mcguigan MR, Kilding AE. Warm-up with a weighted vest improves running performance via leg stiffness and running economy. J Sci Med Sport. 2015; 18: 103-108 





CrossrefPubMedGoogle Scholar





	
4 Bertucci W, Taiar R, Grappe F. Differences between sprint tests under laboratory and actual cycling conditions. J Sports Med Phys Fitness. 2005; 45: 277-283 





PubMedGoogle Scholar





	
5 Bini RR, Hume PA. Between-day reliability of pedal forces for cyclists during an incremental cycling test to exhaustion. Isokinet Exerc Sci 2013; 21: 203-209 





PubMedGoogle Scholar





	
6 Coyle E. Integration of the physiological factors determining endurance performance ability. Exerc Sport Sci Rev 1995; 23: 25-63 





PubMedGoogle Scholar





	
7 Coyle E, Sidossis L, Horowitz J, Beltz J. Cycling efficiency is related to the percentage of type I muscle fibers. Med Sci Sports Exerc 1992; 24: 782-788 





PubMedGoogle Scholar





	
8 De Pauw K, Laursen PB. Guidelines to classify subject groups in sport-science research. Int J Sports Physiol Perform 2013; 8: 111-122 





CrossrefPubMedGoogle Scholar





	
9 Ebert TR, Martin DT, McDonald W, Victor J, Plummer J, Withers RT. Power output during women’s World Cup road cycle racing. Eur J Appl Physiol 2005; 95: 529-536 





CrossrefPubMedGoogle Scholar





	
10 Ebert TR, Martin DT, Stephens B, Withers RT. Power output during a professional men’s road-cycling tour. Int J Sports Physiol Perform 2006; 1: 324-335 





CrossrefPubMedGoogle Scholar





	
11 Ettema G, Loras HW. Efficiency in cycling: a review. Eur J Appl Physiol 2009; 106: 1-14 





CrossrefPubMedGoogle Scholar





	
12 Gaesser G, Brooks G. Muscular efficiency during steady-rate exercise: effects of speed and work rate. J Appl Physiol 1975; 38: 1132-1139 





CrossrefPubMedGoogle Scholar





	
13 Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee I, Nieman DC, Swain DP. American College of Sports Medicine position stand. 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





	
14 Gardner AS, Martin JC, Martin DT, Barras M, Jenkins DG. Maximal torque- and power-pedaling rate relationships for elite sprint cyclists in laboratory and field tests. Eur J Appl Physiol 2007; 101: 287-292 





CrossrefPubMedGoogle Scholar





	
15 Gardner AS, Stephens S, Martin DT, Lawton E, Lee H, Jenkins D. Accuracy of SRM and Power Tap power monitoring systems for bicycling. Med Sci Sport Exerc 2004; 36: 1252-1258 





CrossrefPubMedGoogle Scholar





	
16 Haakonssen EC, Martin DT, Burke LM, Jenkins DG. Energy expenditure of constant- and variable-intensity cycling: power meter estimates. Med Sci Sports Exerc. 2013; 45: 1833-1840 





CrossrefPubMedGoogle Scholar





	
17 Harriss DJ, Atkinson G. Ethical standards in sports and exercise science research: 2016 Update. Int J Sports Med 2015; 36: 1121-1124 



Google Scholar





	
18 Kane LA, Ryan BJ, Schmidt W, Byrnes WC. Acute, Low-dose CO inhalation does not alter energy expenditure during submaximal exercise. Int J Sports Med 2016; 37: 19-24 





Article in Thieme ConnectPubMedGoogle Scholar





	
19 Lim AC, Homestead EP, Edwards AG, Carver TC, Kram R, Byrnes WC. Measuring changes in aerodynamic/rolling resistances by cycle-mounted power meters. Med Sci Sports Exerc. 2011; 43: 853-860 





PubMedGoogle Scholar





	
20 Lim AC, Peterman JE, Turner BM, Livingston LR, Byrnes WC. Comparison of male and female road cyclists under identical stage race conditions. Med Sci Sports Exerc. 2011; 43: 846-852 





PubMedGoogle Scholar





	
21 Loucks AB. Energy balance and body composition in sports and exercise. J Sports Sci 2004; 22: 1-14 





CrossrefPubMedGoogle Scholar





	
22 Loucks AB, Kiens B, Wright HH. Energy availability in athletes. J Sports Sci 2011; 29: S7-S15 





CrossrefPubMedGoogle Scholar





	
23 Manore M, Barr S, Butterfield G. Nutrition and athletic performance. Med Sci Sports Exerc 2000; 32: 2130-2145 





CrossrefPubMedGoogle Scholar





	
24 Martin J, Milliken D, Cobb J, McFadden K, Coggan A. Validation of a mathematical model for road cycling power. J Appl Biomech 1998; 14: 276-291 





PubMedGoogle Scholar





	
25 Martin MK, Martin DT, Collier GR, Burke LM. Voluntary food intake by elite female cyclists during training and racing: influence of daily energy expenditure and body composition. Int J Sport Nutr Exerc Metab 2002; 12: 249-267 





CrossrefPubMedGoogle Scholar





	
26 Mountjoy M, Sundgot-Borgen J, Burke L et al. The IOC consensus statement: beyond the Female Athlete Triad – Relative Energy Deficiency in Sport (RED-S). Br J Sports Med 2014; 48: 491-497 





CrossrefPubMedGoogle Scholar





	
27 Moseley L, Jeukendrup AE. The reliability of cycling efficiency. Med Sci Sports Exerc 2001; 33: 621-627 





PubMedGoogle Scholar





	
28 Nickleberry B, Brooks G. No effect of cycling experience on leg cycle ergometer efficiency. Med Sci Sports Exerc 1996; 28: 1396-1401 





CrossrefPubMedGoogle Scholar





	
29 Péronnet F, Massicotte D. Table of nonprotein respiratory quotient: an update. Can J Sport Sci 1991; 16: 23-29 





PubMedGoogle Scholar





	
30 Reger M, Peterman JE, Kram R, Byrnes WC. Exercise efficiency of low power output cycling. Scand J Med Sci Sports 2013; 23: 713-721 





CrossrefPubMedGoogle Scholar





	
31 Rossiter HB. Exercise: Kinetic considerations for gas exchange. Compr Physiol 2011; 1: 203-244 





PubMedGoogle Scholar





	
32 Saunders PU, Pyne DB, Telford RD, Hawley JA. Reliability and variability of running economy in elite distance runners. Med Sci Sports Exerc 2004; 36: 1972-1976 





CrossrefPubMedGoogle Scholar





	
33 Vogt S, Heinrich L, Schumacher YO, Grohauser M, Blum A, Konig D, Berg A, Schmid A. Energy intake and energy expenditure of elite cyclists during preseason training. Int J Sports Med 2005; 26: 701-706 





Article in Thieme ConnectPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.81.46.140
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  