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Abstract


The effectiveness of human movement is the culmination of several musculoskeletal factors; asymmetry in movement could reduce optimal performance. The aims of this study were to quantify relationships between bilateral hand-force production, swimming performance, and the influence of fatigue. Paralympic swimmers (n=21, aged 20.9 ± 4.7 yr) were categorised into no, high- and low-range physical disability groups and performed two 100 m time trials to measure swimming performance. Bilateral hand-force was measured over two 60 s maximal tests on a swim-bench ergometer to quantify the degree of asymmetry. Large relationships between mean force and swimming velocity were seen for both the high- (r=0.62, ±0.45; r-value, ±90% confidence limits) and low-range (r=0.62, ±0.50) groups. Asymmetry was related to level of disability, with the smallest difference of 6.7, ±2.6 N in the no-musculoskeletal disability group. This difference increased to 13.1, ±10.0 N and 13.5, ±16.2 N in the high- and low-range groups. Between the first and last 15 s of the swim-bench test, reductions in mean force were small for the physical disabilities groups.  Similarly, changes in asymmetry were small for both the no-physical and low-range groups. Paralympic swimmers with a more severe physical impairment typically generate substantially lower force and velocity.





[bookmark: N11179]
Key words

asymmetry - 
force - 
swim-bench ergometer





 

[bookmark: ]

[bookmark: N11682]
	
References


	
[bookmark: R3643-0001]1 Alberty M, Potdevin F, Dekerle J, Pelayo P, Gorce P, Sidney M. Changes in swimming technique during time to exhaustion at freely chosen and controlled stroke rates. J Sports Sci 2008; 26: 1191-1200 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3643-0002]2 Chollet D, Chalies S, Chatard JC. A new index of coordination for the crawl: description and usefulness. Int J Sports Med 2000; 21: 54-59 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3643-0003]3 Daly DJ, Djobova SK, Malone LA, Vanlandewijck Y, Steadward RD. Swimming speed patterns and stroking variables in the Paralympic 100-m freestyle. Adapt Phys Activ Q 2003; 20: 260-278 





PubMedGoogle Scholar





	
[bookmark: R3643-0004]4 dos Santos MAM, Barbosa Junior ML, Castro Melo WVd, da Costa AV, Cunha Costa Md. Estimate of propulsive force in front crawl swimming in young athletes. J Sports Med 2012; 3: 115-120 





PubMedGoogle Scholar





	
[bookmark: R3643-0005]5 Harriss DJ, Atkinson G. Ethical standards in sports and exercise science research: 2014 update. Int J Sports Med 2013; 34: 1025-1028 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3643-0006]6 Hawley JA, Williams MM. Relationship between upper body anaerobic power and freestyle swimming performance. Int J Sports Med 1991; 12: 1-5 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3643-0007]7 Jaszczak M. The dynamical asymmetry of the upper extremities during symmetrical exercises. Hum Mov 2008; 9: 116-120 





PubMedGoogle Scholar





	
[bookmark: R3643-0008]8 Lecrivain G, Slaouti A, Payton C, Kennedy I. Using reverse engineering and computational fluid dynamics to investigate a lower arm amputee swimmer’s performance. J Biomech 2008; 41: 2855-2859 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3643-0009]9 Lee J, Mellifont R, Winstanley J, Burkett B. Body roll in simulated freestyle swimming. Int J Sports Med 2008; 29: 569-573 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3643-0010]10 Maglischo EW. Swimming Fastest: The essential reference on technique, training and program design. Champaign, Illinois: Human Kinetics; 2003 





Google Scholar





	
[bookmark: R3643-0011]11 Marinho DA, Barbosa TM, Reis VM, Kjendlie PL, Alves FB, Vilas-Boas JP, Machado L, Silva AJ, Rouboa AI. Swimming propulsion forces are enhanced by a small finger spread. J Appl Biomech 2010; 26: 87-92 





PubMedGoogle Scholar





	
[bookmark: R3643-0012]12 Miyashita M, Kanehisa H. Dynamic peak torque related to age, sex, and performance. Res Quart 1979; 50: 249-255 





PubMedGoogle Scholar





	
[bookmark: R3643-0013]13 Osborough CD, Payton CJ, Daly DJ. Relationships between the front crawl stroke parameters of competitive unilateral arm amputee swimmers, with selected anthropometric characteristics.. J Appl Biomech 2009; 25: 304-312 





PubMedGoogle Scholar





	
[bookmark: R3643-0014]14 Potts AD, Charlton JE, Smith HM. Bilateral arm power imbalance in swim bench exercise to exhaustion. J Sports Sci 2002; 20: 975-979 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3643-0015]15 Sanders RH, Thow J, Fairweather MM. Asymmetries in swimming: where do they come from?. J Swim Res 2011; 18: 1-11 





PubMedGoogle Scholar





	
[bookmark: R3643-0016]16 Satkunskiene D, Schega L, Kunze K, Birzinyte K, Daly D. Coordination in arm movements during crawl stroke in elite swimmers with a loco-motor disability. Hum Mov Sci 2005; 24: 54-65 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3643-0017]17 Sharp RL, Troup JP, Costill DL. Relationship between power and sprint freestyle swimming. Med Sci Sports Exerc 1982; 14: 53-56 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3643-0018]18 Smith DJ, Norris SR, Hogg JM. Performance evaluation of swimmers. Sports Med 2002; 32: 539-554 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3643-0019]19 Soares S, Silva R, Aleixo I, Machado L, Fernandes RJ, Maia J, Vilas-Boas JP. Evaluation of Force Production and Fatigue using an Anaerobic Test Performed by Differently Matured Swimmers. In: Kjendlie PL, Stallman R, Cabri J. eds Biomechanics and Medicine in Swimming XI. Oslo, Norway: Norwegian School of Sport Sciences; 2010: 291-293 





Google Scholar





	
[bookmark: R3643-0020]20 Stang A, Poole C, Kuss O. The ongoing tyranny of statistical significance testing in biomedical research. Eur J Epidemiol 2010; 25: 225-230 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3643-0021]21 Stapleton C, Scott MA, Atkinson G. The ‘so what’ factor: statistical versus clinical [corrected] significance. Int J Sports Med 2009; 30: 773-774 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3643-0022]22 Swaine IL. Time course of changes in bilateral arm power of swimmers during recovery from injury using a swim bench. Br J Sports Med 1997; 31: 213-216 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3643-0023]23 Tourny-Chollet C, Seifert L, Chollet D. Effect of force symmetry on coordination in crawl. Int J Sports Med 2009; 30: 182-187 





Article in Thieme ConnectPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 54.242.37.42
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  