
    
    

    
    

    

    
    
    
      
    
    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
        
        









        
        
      


  

  
    
      
    

    
    
      
    
    
    
    
    
    
    
    
    
      
        
          
        

      
    
  




      

      

      
        




  



  

  
    
    
      [image: ]
      
    

    
    
      
        
          
          
          
          
            Year (Archive)
            
              
                
                  2015
                

              

              	
                      
                      
                      
                      
                        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
        

      

    

    

    

    
      
        [bookmark: saveLink]
      
    

    
      
        
      

      
        
      

      
        
          Share / Bookmark

          Facebook
          X
          Linkedin
          Weibo
        

      

    

    

    

    
      
          
              
          
      
    

    

    

    
      
        
        
          
          
          
        
      
    
  


  
    
      
        
          
            
              Download PDF
            
          
        
      

      
        
          
            
          
        
      

    

  

  

  
  
    
  
  




    
    
Int J Sports Med 2015; 36(14): 1149-1155
DOI: 10.1055/s-0035-1555927


Training & Testing



© Georg Thieme Verlag KG Stuttgart · New York
Monitoring Locomotor Load in Soccer: Is Metabolic Power, Powerful?


M. Buchheit


1
           
        Paris Saint Germain FC, Performance, Saint-Germain-en-Laye, France



, 


C. Manouvrier


2
           
        Olympic de Marseille Fooball Club, Physical Performance, Marseille, France

, 


J. Cassirame


3
           
        Laboratory of Sport Sciences, Université de Franche-Comté, UFR STAPS Besançon, Besançon, France

, 


J.-B. Morin


4
           
        Faculty of Sport Sciences, Université de Nice Sophia Antipolis, NICE, France

› Author Affiliations

Further Information


Publication History





accepted after revision  29 June 2015


Publication Date:
22 September 2015 (online)










Also available at[image: ]





	
Abstract

	
Full Text

	
References




 

[image: SFX Search]

 Buy Article Permissions and Reprints



[image: ]



[bookmark: N10C4F]
Abstract


The aim of the present study was to examine the validity and reliability of metabolic power (P) estimated from locomotor demands during soccer-specific drills. 14 highly-trained soccer players performed a soccer-specific circuit with the ball (3×1-min bouts, interspersed with 30-s passive recovery) on 2 different occasions. Locomotor activity was monitored with 4-Hz GPSs, while oxygen update (VO2) was collected with a portable gas analyzer. P was calculated using either net VO2 responses and traditional calorimetry principles (PVO2, W.kg−1) or locomotor demands (PGPS, W.kg−1). Distance covered into different speed, acceleration and P zones was recorded. While PGPS was 29±10% lower than PVO2 (d<− 3) during the exercise bouts, it was 85±7% lower (d<− 8) during recovery phases. The typical error between PGPS vs. PVO2 was moderate: 19.8%, 90% confidence limits: (18.4;21.6). The correlation between both estimates of P was small: 0.24 (0.14;0.33). Very large day-to-day variations were observed for acceleration, deceleration and > 20 W.kg−1 distances (all CVs > 50%), while average Po2 and PGPS showed CVs < 10%. ICC ranged from very low- (acceleration and > 20 W.kg−1 distances) to-very high (PVO2). PGPS largely underestimates the energy demands of soccer-specific drills, especially during the recovery phases. The poor reliability of PGPS >20 W.kg−1 questions its value for monitoring purposes in soccer.





[bookmark: N10C8F]
Key words

soccer - 
acceleration - 
deceleration - 
energy demands - 
soccer-specific - 
training load





 

[bookmark: ]

[bookmark: N112D9]
	
References


	
[bookmark: R4464-0001]1 Ade JD, Harley JA, Bradley PS. Physiological response, time-motion characteristics, and reproducibility of various speed-endurance drills in elite youth soccer players: small-sided games versus generic running. Int J Sports Physiol Perform 2014; 9: 471-479 





PubMedGoogle Scholar





	
[bookmark: R4464-0002]2 Aughey RJ. Applications of GPS technologies to field sports. Int J Sports Physiol Perform 2011; 6: 295-310 





PubMedGoogle Scholar





	
[bookmark: R4464-0003]3 Brockway JM. Derivation of formulae used to calculate energy expenditure in man. Human nutrition Clin Nutr 1987; 41: 463-471 





PubMedGoogle Scholar





	
[bookmark: R4464-0004]4 Buchheit M. Monitoring training status with HR measures: do all roads lead to Rome?. Front Physiol 2014; 27: 73 





PubMedGoogle Scholar





	
[bookmark: R4464-0005]5 Buchheit M, Al Haddad H, Simpson BM, Palazzi D, Bourdon PC, Di Salvo V, Mendez-Villaneuva A. Monitoring accelerations with GPS in football: time to slow down?. Int J Sports Physiol Perform 2014; 9: 442-445 



Google Scholar





	
[bookmark: R4464-0006]6 Buchheit M, Allen A, Poon TK, Modonutti M, Gregson W, Di Salvo V. Integrating different tracking systems in football: multiple camera semi-automatic system, local position measurement and GPS technologies. J Sports Sci 2014; 32: 1844-1857 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0007]7 Buchheit M, Bishop D, Haydar B, Nakamura F, Ahmaidi S. Physiological responses to shuttle repeated-sprint running. Int J sport Med 2010; 31: 402-409 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R4464-0008]8 Buchheit M, Laursen PB. High-intensity interval training, solutions to the programming puzzle. Part II: anaerobic energy, neuromuscular load and practical applications. Sports Med 2013; DOI: In press 





PubMedGoogle Scholar





	
[bookmark: R4464-0009]9 Carling C. Interpreting physical performance in professional soccer match-play: should we be more pragmatic in our approach?. Sports Med 2013; 43: 655-663 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0010]10 Casamichana D, Castellano J, Calleja-Gonzalez J, San Roman J, Castagna C. Relationship between indicators of training load in soccer players. J Strength Cond Res 2013; 27: 369-374 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0011]11 Casamichana D, Castellano J, Castagna C. Comparing the physical demands of friendly matches and small-sided games in semiprofessional soccer players. J Strength Cond Res 2012; 26: 837-843 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0012]12 Coutts AJ, Kempton T, Sullivan C, Bilsborough J, Cordy J, Rampinini E. Metabolic power and energetic costs of professional Australian Football match-play. J Sci Med Sport 2015; 18: 219-224 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0013]13 di Prampero PE, Fusi S, Sepulcri L, Morin JB, Belli A, Antonutto G. Sprint running: a new energetic approach. J Exp Biol 2005; 208: 2809-2816 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0014]14 Di Salvo V, Baron R, Tschan H, Calderon Montero FJ, Bachl N, Pigozzi F. Performance characteristics according to playing position in elite soccer. Int J Sports Med 2007; 28: 222-227 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R4464-0015]15 Dorn TW, Schache AG, Pandy MG. Muscular strategy shift in human running: dependence of running speed on hip and ankle muscle performance. J Exp Biol 2012; 215: 1944-1956 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0016]16 Fiorentino NM, Rehorn MR, Chumanov ES, Thelen DG, Blemker SS. Computational models predict larger muscle tissue strains at faster sprinting speeds. Med Sci Sports Exerc 2014; 46: 776-786 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0017]17 Gaudino P, Iaia FM, Alberti G, Hawkins RD, Strudwick AJ, Gregson W. Systematic bias between running speed and metabolic power data in elite soccer players: influence of drill type. Int J Sports Med 2014; 35: 489-493 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R4464-0018]18 Gaudino P, Iaia FM, Alberti G, Strudwick AJ, Atkinson G, Gregson W. Monitoring training in elite soccer players: systematic bias between running speed and metabolic power data. Int J Sports Med 2013; 34: 963-968 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R4464-0019]19 Guex K, Millet GP. Conceptual framework for strengthening exercises to prevent hamstring strains. Sports Med 2013; 43: 1207-1215 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0020]20 Harriss DJ, Atkinson G. Ethical standards in sport and exercise science research: 2014 update. Int J Sports Med 2013; 34: 1025-1028 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R4464-0021]21 Hill-Haas S, Rowsell G, Coutts A, Dawson B. The reproducibility of physiological responses and performance profiles of youth soccer players in small-sided games. Int J Sports Physiol Perform 2008; 3: 393-396 





PubMedGoogle Scholar





	
[bookmark: R4464-0022]22 Hill-Haas SV, Dawson B, Impellizzeri FM, Coutts AJ. Physiology of small-sided games training in football: a systematic review. Sports Med 2011; 41: 199-220 



Google Scholar





	
[bookmark: R4464-0023]23 Hodgson C, Akenhead R, Thomas K. Time-motion analysis of acceleration demands of 4v4 small-sided soccer games played on different pitch sizes. Hum Mov Sci 2014; 33: 25-32 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0024]24 Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics for studies in sports medicine and exercise science. Med Sci Sports Exerc 2009; 41: 3-13 





PubMedGoogle Scholar





	
[bookmark: R4464-0025]25 Jennings D, Cormack S, Coutts AJ, Boyd L, Aughey RJ. The validity and reliability of GPS units for measuring distance in team sport specific running patterns. Int J Sports Physiol Perform 2010; 5: 328-341 





PubMedGoogle Scholar





	
[bookmark: R4464-0026]26 Johnston RJ, Watsford ML, Kelly SJ, Pine MJ, Spurrs RW. The validity and reliability of 10 Hz and 15 Hz GPS units for assessing athlete movement demands. J Strength Cond Res 2014; 28: 1649-1655 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0027]27 Manzi V, Impellizzeri F, Castagna C. Aerobic fitness ecological validity in elite soccer players: a metabolic power approach. J Strength Cond Res 2014; 28: 914-919 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0028]28 Meyer T, Georg T, Becker C, Kindermann W. Reliability of gas exchange measurements from two different spiroergometry systems. Int J Sports Med 2001; 22: 593-597 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R4464-0029]29 Minetti AE, Moia C, Roi GS, Susta D, Ferretti G. Energy cost of walking and running at extreme uphill and downhill slopes. J Appl Physiol 2002; 93: 1039-1046 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0030]30 Osgnach C, Poser S, Bernardini R, Rinaldo R, di Prampero PE. Energy cost and metabolic power in elite soccer: a new match analysis approach. Med Sci Sports Exerc 2010; 42: 170-178 





PubMedGoogle Scholar





	
[bookmark: R4464-0031]31 Rampinini E, Alberti G, Fiorenza M, Riggio M, Sassi R, Borges TO, Coutts AJ. Accuracy of GPS devices for measuring high-intensity running in field-based team sports. Int J Sports Med 2015; 36: 49-53 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R4464-0032]32 Scott BR, Lockie RG, Knight TJ, Clark AC, Janse de Jonge XA. A comparison of methods to quantify the in-season training load of professional soccer players. Int J Sports Physiol Perform 2013; 8: 195-202 





PubMedGoogle Scholar





	
[bookmark: R4464-0033]33 Stevens TG, de Ruiter CJ, van Maurik D, van Lierop CJ, Savelsbergh GJ, Beek PJ. Measured and Estimated Energy Cost of Constant and Shuttle Running in Soccer Players. Med Sci Sports Exerc 2015; 47: 1219-1224 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0034]34 Stroyer J, Hansen L, Klausen K. Physiological profile and activity pattern of young soccer players during match play. Med Sci Sports Exerc 2004; 36: 168-174 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0035]35 Tabata I, Irisawa K, Kouzaki M, Nishimura K, Ogita F, Miyachi M. Metabolic profile of high intensity intermittent exercises. Med Sci Sports Exerc 1997; 29: 390-395 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4464-0036]36 Varley MC, Aughey RJ. Acceleration profiles in elite Australian soccer. Int J Sports Med 2013; 34: 34-39 





Article in Thieme ConnectPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.236.104.145
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  