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Abstract


This study aimed to investigate the effect of a 4-week explosive-type strength training program for the plantar flexors on the rate of torque development and postural stability. The participants were 56 elderly men and women divided into training (17 men and 15 women) and control (14 men and 10 women) groups. The participants in the training group underwent explosive-type strength training of the plantar flexors 2 days per week for 4 weeks. Training consisted of 3 sets of 10 repetitions of explosive plantar flexion lasting less than 1 s. The following parameters were determined: muscle volume of the plantar flexors estimated by the muscle thickness and lower leg length, maximal voluntary contraction torque and rate of torque development of plantar flexion, and one-leg standing ability. The training increased the maximal voluntary contraction torque and rate of torque development, but corresponding increases in muscle volume and one-leg standing ability were not found. These results suggest that, for elderly individuals, the 4-week explosive-type strength training of the plantar flexors is effective for increasing the maximal voluntary contraction torque and rate of torque development of plantar flexion but is not effective for improving postural stability.





[bookmark: N10C1E]
Key words

one-leg standing ability - 
maximal voluntary contraction - 
muscle volume - 
plantar flexion - 
electromyography





 

[bookmark: ]

[bookmark: N118ED]
	
References


	
[bookmark: R5140-0001]1 Akagi R, Takai Y, Ohta M, Kanehisa H, Kawakami Y, Fukunaga T. Muscle volume compared to cross-sectional area is more appropriate for evaluating muscle strength in young and elderly individuals. Age Ageing 2009; 38: 564-569 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0002]2 Allison GT. Trunk muscle onset detection technique for EMG signals with ECG artefact. J Electromyogr Kinesiol 2003; 13: 209-216 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0003]3 American Geriatrics Society, British Geriatrics Society, and American Academy of Orthopaedic Surgeons Panel on Falls Prevention. Guideline for the prevention of falls in older persons. J Am Geriatr Soc 2001; 49: 664-672 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0004]4 Andersen LL, Aagaard P. Influence of maximal muscle strength and intrinsic muscle contractile properties on contractile rate of force development. Eur J Appl Physiol 2006; 96: 46-52 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0005]5 Bento PC, Pereira G, Ugrinowitsch C, Rodacki AL. Peak torque and rate of torque development in elderly with and without fall history. Clin Biomech (Bristol, Avon) 2010; 25: 450-454 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0006]6 Cadore EL, Izquierdo M, Pinto SS, Alberton CL, Pinto RS, Baroni BM, Vaz MA, Lanferdini FJ, Radaelli R, González-Izal M, Bottaro M, Kruel LF. Neuromuscular adaptations to concurrent training in the elderly: effects of intrasession exercise sequence. AGE 2013; 35: 891-903 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0007]7 Folland JP, Williams AG. The adaptations to strength training: morphological and neurological contributions to increased strength. Sports Med 2007; 37: 145-168 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0008]8 Gabriel DA, Kamen G, Frost G. Neural adaptations to resistive exercise: mechanisms and recommendations for training practices. Sports Med 2006; 36: 133-149 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0009]9 Geertsen SS, Lundbye-Jensen J, Nielsen JB. Increased central facilitation of antagonist reciprocal inhibition at the onset of dorsiflexion following explosive strength training. J Appl Physiol 2008; 105: 915-922 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0010]10 Gruber M, Gollhofer A. Impact of sensorimotor training on the rate of force development and neural activation. Eur J Appl Physiol 2004; 92: 98-105 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0011]11 Gu MJ, Schultz AB, Shepard NT, Alexander NB. Postural control in young and elderly adults when stance is perturbed: dynamics. J Biomech 1996; 29: 319-329 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0012]12 Harriss DJ, Atkinson G. Ethical standards in sport and exercise science research: 2016 update. Int J Sports Med 2015; 36: 1121-1124 



Google Scholar





	
[bookmark: R5140-0013]13 Holviala J, Häkkinen A, Alen M, Sallinen J, Kraemer W, Häkkinen K. Effects of prolonged and maintenance strength training on force production, walking, and balance in aging women and men. Scand J Med Sci Sports 2014; 24: 224-233 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0014]14 Hopkins JT, Brown TN, Christensen L, Palmieri-Smith RM. Deficits in peroneal latency and electromechanical delay in patients with functional ankle instability. J Orthop Res 2009; 27: 1541-1546 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0015]15 Jenkins ND, Buckner SL, Cochrane KC, Bergstrom HC, Palmer TB, Johnson GO, Schmidt RJ, Housh TJ, Cramer JT. Age-related differences in rates of torque development and rise in EMG are eliminated by normalization. Exp Gerontol 2014; 57: 18-28 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0016]16 Klein CS, Rice CL, Marsh GD. Normalized force, activation, and coactivation in the arm muscles of young and old men. J Appl Physiol 2001; 91: 1341-1349 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0017]17 Lanza IR, Towse TF, Caldwell GE, Wigmore DM, Kent-Braun JA. Effects of age on human muscle torque, velocity, and power in two muscle groups. J Appl Physiol 2003; 95: 2361-2369 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0018]18 Lovell DI, Cuneo R, Gass GC. The effect of strength training and short-term detraining on maximum force and the rate of force development of older men. Eur J Appl Physiol 2010; 109: 429-435 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0019]19 Miyatani M, Kanehisa H, Ito M, Kawakami Y, Fukunaga T. The accuracy of volume estimates using ultrasound muscle thickness measurements in different muscle groups. Eur J Appl Physiol 2004; 91: 264-272 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0020]20 Oliveira FBD, Oliveira ASC, Rizatto GF, Denadai BS. Resistance training for explosive and maximal strength: effects on early and late rate of force development. J Sports Sci Med 2013; 12: 402-408 





PubMedGoogle Scholar





	
[bookmark: R5140-0021]21 Perry MC, Carville SF, Smith IC, Rutherford OM, Newham DJ. Strength, power output and symmetry of leg muscles: effect of age and history of falling. Eur J Appl Physiol 2007; 100: 553-561 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0022]22 Sefton JM, Hicks-Little CA, Hubbard TJ, Clemens MG, Yengo CM, Koceja DM, Cordova ML. Sensorimotor function as a predictor of chronic ankle instability. Clin Biomech (Bristol, Avon) 2009; 24: 451-458 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0023]23 Skelton DA, Kennedy J, Rutherford OM. Explosive power and asymmetry in leg muscle function in frequent fallers and non-fallers aged over 65. Age Ageing 2002; 31: 119-125 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0024]24 Suetta C, Aagaard P, Rosted A, Jakobsen AK, Duus B, Kjaer M, Magnusson SP. Training-induced changes in muscle CSA, muscle strength, EMG, and rate of force development in elderly subjects after long-term unilateral disuse. J Appl Physiol 2004; 97: 1954-1961 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0025]25 Thelen DG, Schultz AB, Alexander NBv. Effects of age on rapid ankle torque development. J Gerontol A Biol Sci Med Sci 1996; 51: M226-M232 





PubMedGoogle Scholar





	
[bookmark: R5140-0026]26 Thompson BJ, Ryan ED, Herda TJ, Costa PB, Herda AA, Cramer JT. Age-related changes in the rate of muscle activation and rapid force characteristics. AGE 2014; 36: 839-849 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0027]27 Tillin NA, Folland JP. Maximal and explosive strength training elicit distinct neuromuscular adaptations, specific to the training stimulus. Eur J Appl Physiol 2014; 114: 365-374 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0028]28 Tillin NA, Jimenez-Reyes P, Pain MT, Folland JP. Neuromuscular performance of explosive power athletes versus untrained individuals. Med Sci Sports Exerc 2010; 42: 781-790 





PubMedGoogle Scholar





	
[bookmark: R5140-0029]29 Tillin NA, Pain MT, Folland JP. Short-term training for explosive strength causes neural and mechanical adaptations. Exp Physiol 2012; 97: 630-641 





CrossrefPubMedGoogle Scholar





	
[bookmark: R5140-0030]30 Ushiyama J, Masani K. Relation between postural stability and plantar flexors muscle volume in young males. Med Sci Sports Exerc 2011; 43: 2089-2094 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.238.87.194
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  