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Abstract

        
Lower body negative pressure (LBNP) treadmill exercise can generate a hypergravity load on the lower body that may improve athlete performance by mechanical and cardiovascular adaptations. This study compared the cardiovascular responses, subjective exertion and discomfort levels produced by LBNP exercise with those generated by a weighted vest (WV). We hypothesized that LBNP exercise is more comfortable than WV exercise at comparable levels of exercise. Nine subjects exercised on a treadmill at nine conditions, at 5.5 mph for 15 minutes, in which they ran in random order to avoid confounding effects: 100 %, 110 %, 120 %, 130 %, and 140 % body weight (BW), the latter four conditions were achieved by either LBNP chamber or WV. Heart rate (HR) and oxygen consumption (V·O2) were monitored continuously using ECG and open circuit spirometry. At the end of each test, subjects were asked to give discomfort and exertion scores using a ten-point visual analog scale (10 = maximal discomfort and exertion). For both HR and V·O2, no significant differences were observed between LBNP and WV. Subjects reported significantly higher discomfort levels when exercising with the WV than with the LBNP at 120 % BW (5.1 ± 0.55 vs. 3.1 ± 0.64; p < 0.05), 130 % BW (6.2 ± 0.42 vs. 2.3 ± 0.44; p < 0.01) and 140 % BW (6.9 ± 0.27 vs. 4.7 ± 0.60; p < 0.01), while maintaining similar exertions at all conditions. Based on these results, LBNP exercise is more comfortable than standard WV exercise, while maintaining similar exertion, HR and V·O2 values.


      

Key words

Exercise - pain - hypergravity - weighted vest - oxygen consumption - heart rate






References


	
[bookmark: R553-1]1 
              Bean J, Herman S, Kiely D K, Callahan D, Mizer K, Frontera W R, Fielding R A. 
              Weighted stair climbing in mobility-limited older people: a pilot study. 
              J Am Geriatr Soc. 
              2002; 
              50 
              663-670 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R553-2]2 
              Bean J, Herman S, Kiely D K, Frey I C, Leveille S G, Fielding R A, Frontera W. 
              Increased velocity exercise specific to task (InVEST) training: a pilot study exploring effects on leg power, balance, and mobility in community-dwelling older women. 
              J Am Geriatr Soc. 
              2004; 
              52 
              799-804 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R553-3]3 
              Boda W L, Watenpaugh D E, Ballard R E, Hargens A R. 
              Supine lower body negative pressure exercise simulates metabolic and kinetic features of upright exercise. 
              J Appl Physiol. 
              2000; 
              89 
              649-654 
            





PubMedGoogle Scholar





	
[bookmark: R553-4]4 
              Borg G AV. 
              Psychophysical bases of perceived exertion. 
              Med Sci Sports Exerc. 
              1982; 
              14 
              377-381 
            





PubMedGoogle Scholar





	
[bookmark: R553-5]5 
              Bosco C, Rusko H, Hirvonen J. 
              The effect of extra-load conditioning on muscle performance in athletes. 
              Med Sci Sports Exerc. 
              1986; 
              18 
              415-419 
            





PubMedGoogle Scholar





	
[bookmark: R553-6]6 
              Costill D L, Jansson E, Gollnick P D, Saltin B. 
              Glycogen utilization in muscles of men during level and uphill running. 
              Acta Physiol Scand. 
              1974; 
              91 
              475-481 
            





PubMedGoogle Scholar





	
[bookmark: R553-7]7 
              Cureton K J, Sparling P B. 
              Distance running performance and metabolic responses to running in men and women with excess weight experimentally equated. 
              Med Sci Sports Exerc. 
              1980; 
              12 
              288-294 
            





PubMedGoogle Scholar





	
[bookmark: R553-8]8 De Merode A. International Olympic Committee Medical Commission prohibited classes of substance and methods of doping. Bowers LD Anti-Doping Agency Guide to Prohibited Classes of Substances and Prohibited Methods of Doing. Colorado Springs; United States Anti-Doping Agency 2000 



Google Scholar





	
[bookmark: R553-9]9 
              Evans O M, Zerbib Y, Baria M H, Monod H. 
              Physiological responses to load holding and load carriage. 
              Ergonomics. 
              1983; 
              26 
              161-171 
            





PubMedGoogle Scholar





	
[bookmark: R553-10]10 
              Gordon M J, Goslin B R, Graham T, Hoare J. 
              Comparison between load carriage and grade walking on a treadmill. 
              Ergonomics. 
              1983; 
              26 
              289-298 
            





PubMedGoogle Scholar





	
[bookmark: R553-11]11 
              Groppo E R, Eastlack R K, Mahar A, Hargens A R, Pedowitz R A. 
              Simulated hypergravity running increases skeletal and cardiovascular loads. 
              Med Sci Sports Exerc. 
              2005; 
              37 
              262-266 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R553-12]12 
              Hargens A R, Whalen R T, Watenpaugh D E, Schwandt D F, Krock L P. 
              Lower body negative pressure to provide load bearing in space. 
              Aviat Space Environ Med. 
              1991; 
              62 
              934-937 
            





PubMedGoogle Scholar





	
[bookmark: R553-13]13 
              Hargens A R, Groppo E R, Lee S MC, Watenpaugh D E, Schneider S, O'Leary D, Hughson R L, Shoemaker K, Smith S M, Steinbach G, Tanaka K, Kawai Y, Bawa M, Kimura S, Macias B R, Boda W L, Meyer R S. 
              The gravity of LBNP exercise: preliminary lessons learned from identical twins in bed for 30 days. 
              J Gravit Physiol. 
              2002; 
              9 
              59-62 
            





PubMedGoogle Scholar





	
[bookmark: R553-14]14 
              Lee S MC, Bennett B S, Hargens A R, Watenpaugh D E, Ballard R E, Murthy G, Ford R S, Fortney S M. 
              Upright exercise or supine lower body negative pressure exercise maintains exercise responses after bed rest. 
              Med Sci Sports Exerc. 
              1997; 
              29 
              892-900 
            





PubMedGoogle Scholar





	
[bookmark: R553-15]15 
              Murthy G, Watenpaugh D E, Ballard R E, Hargens A R. 
              Supine exercise during lower body negative pressure effectively simulates upright exercise in normal gravity. 
              J Appl Physiol. 
              1994; 
              76 
              2742-2748 
            





PubMedGoogle Scholar





	
[bookmark: R553-16]16 
              Puthoff M L, Darter B J, Nielsen D H, Yack H J. 
              The effect of weighted vest walking on metabolic responses and ground reaction forces. 
              Med Sci Sports Exerc. 
              2006; 
              38 
              746-752 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R553-17]17 
              Raab D M, Smith R T, Smith El, Gilligan C. 
              Energy cost of wearing weighted bands while walking and jogging. 
              Med Sci Sports Exerc. 
              1985; 
              17 
              268 
            





PubMedGoogle Scholar





	
[bookmark: R553-18]18 
              Rusko H, Bosco C. 
              Metabolic response of endurance athletes to training with added load. 
              Eur J Appl Physiol. 
              1987; 
              56 
              412-418 
            





CrossrefPubMedGoogle Scholar





	
[bookmark: R553-19]19 
              Shaw J M, Snow C M. 
              Weighted vest exercise improves indices of fall risk in older women. 
              J Gerontol A Biol Sci Med Sci. 
              1998; 
              53 
              M53-M58 
            





PubMedGoogle Scholar





	
[bookmark: R553-20]20 
              Sloniger M A, Cureton K J, Prior B M, Evans E M. 
              Lower extremity muscle activation during horizontal and uphill running. 
              J Appl Physiol. 
              1997; 
              83 
              2073-2079 
            





PubMedGoogle Scholar





	
[bookmark: R553-21]21 
              Soule R G, Goldman R F. 
              Energy cost of loads carried on the head, hands, or feet. 
              J Appl Physiol. 
              1969; 
              27 
              687-690 
            





PubMedGoogle Scholar





	
[bookmark: R553-22]22 
              Stray-Gunderson J, Chapman R F, Levine B D. 
              “Living high-training low” altitude training improves sea level performance in male and female elite runners. 
              J Appl Physiol. 
              2001; 
              91 
              1113-1120 
            





PubMedGoogle Scholar





	
[bookmark: R553-23]23 
              Udassin R, Shoenfeld Y, Shapiro Y, Birenfeld C, Sohar E. 
              Serum glucose and lactic acid concentration during prolonged and strenouns exercise in man. 
              Am J Phys Med. 
              1977; 
              56 
              249-256 
            





PubMedGoogle Scholar





	
[bookmark: R553-24]24 
              Wang Y, Pascoe D D, Weimar W. 
              Evaluation of book backpack load during walking. 
              Ergonomics. 
              2001; 
              44 
              858-869 
            





PubMedGoogle Scholar





	
[bookmark: R553-25]25 
              Watenpaugh D E, Ballard R E, Schneider S M, Lee S MC, Ertl A C, William J M, Boda W L, Hutchinson K J, Hargens A R. 
              Supine lower body negative pressure exercise during bed rest maintains upright exercise capacity. 
              J Appl Physiol. 
              2000; 
              89 
              218-227 
            





PubMedGoogle Scholar





	
[bookmark: R553-26]26 
              Watenpaugh D E, Ballard R E, Stout M S, Murthy G, Whalen R T, Hargens A R. 
              Dynamic leg exercise improves tolerance to lower body negative pressure. 
              Aviat Space Environ Med. 
              1994; 
              65 
              412-418 
            





PubMedGoogle Scholar





	
[bookmark: R553-27]27 Watenpaugh D E, Hargens A R. The cardiovascular system in microgravity. Fregly MJ, Blatteis CM Handbook of Physiology: Environmental Physiology. III: The Gravitational Environment, 1: Microgravity, Chapter 29. New York; Oxford University Press 1996: 631-674 



Google Scholar





	
[bookmark: R553-28]28 Whaley M H. ACSM's Guidelines for Exercise Testing and Prescription. 7th edn. Philadelphia; Lippincott, Williams, and Wilkins 2000: 77-78 



Google Scholar





	
[bookmark: R553-29]29 
              Wilber R L. 
              Current trends in altitude training. 
              Sports Med. 
              2001; 
              31 
              249-265 
            





CrossrefPubMedGoogle Scholar









[bookmark: SIG1]Alan R. Hargens



UCSD Medical Center
Department of Orthopaedic Surgery




350 Dickinson Street, Suite 121




San Diego, CA 92103 - 8894




USA




Phone: + 61 95 43 68 05




Fax: + 61 95 43 25 40




Email: ahargens@ucsd.edu
























  >
  
  

    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 54.226.44.255
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  