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Abstract


The objective of the present study was to evaluate and compare the neuromuscular, morphological and functional adaptations of older women subjected to 3 different types of strength training. 58, healthy women (67±5 year) were randomized to experimental (EG, n=41) and control groups (CG, n=17) during the first 6 weeks when the EG group performed traditional resistance exercise for the lower extremity. Afterwards, EG was divided into three specific strength training groups; a traditional group (TG, n=14), a power group (PG, n=13) that performed the concentric phase of contraction at high speed and a rapid strength group (RG, n=14) that performed a lateral box jump exercise emphasizing the stretch-shortening-cycle (SSC). Subjects trained 2 days per week through the entire 12 weeks. Following 6 weeks of generalized strength training, significant improvements occurred in EG for knee extension one-repetition (1RM) maximum strength (+19%), knee extensor muscle thickness (MT, +15%), maximal muscle activation (+44% average) and onset latency ( − 31% average) for vastus lateralis (VL), vastus medialis (VM) and rectus femoris (RF) compared to CG (p<0.05). Following 6 more weeks of specific strength training, the 1RM increased significantly and similarly between groups (average of +21%), as did muscle thickness of the VL (+25%), and activation of VL (+44%) and VM (+26%). The onset latency of RF (TG=285±109 ms, PG=252±76 ms, RG=203±43 ms), reaction time (TG=366±99 ms, PG=274±76 ms, RG=201±41 ms), 30-s chair stand (TG=18±3, PG=18±1, RG=21±2) and counter movement jump (TG=8±2 cm, PG=10±3 cm, RG=13±2 cm) was significantly improved only in RG (p<0.05). At the end of training, the rate of force development (RFD) over 150 ms (TG=2.3±9.8 N·s − 1, PG=3.3±3.2 N·s − 1, RG=3.8±6.8 N·s − 1, CG=2.3±7.0 N·s − 1) was significantly greater in RG and PG than in TG and CG (p<0.05). In conclusion, rapid strength training is more effective for the development of rapid force production of muscle than other specific types of strength training and by consequence, better develops the functional capabilities of older women.





[bookmark: N10D2E]
Key words

rapid strength training - 
elderly women - 
functional capacity - 
reaction time - 
muscle thickness





 

[bookmark: ]

[bookmark: N11574]
	
References


	
[bookmark: R2388-0001]1 
American College of Sports Medicine position stand
. Progression models in resistance training for healthy adults. Med Sci Sports Exerc 2009; 41: 687-708 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0002]2 Aagaard P, Simonsen EB, Andersen JL, Magnusson P, Dyhre-Poulsen P. Increased rate of force development and neural drive of human skeletal muscle following resistance training. J Appl Physiol 2002; 93: 1318-1326 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0003]3 Alberton CL, Cadore EL, Pinto SS, Tartaruga MP, da Silva EM, Kruel LF. Cardiorespiratory, neuromuscular and kinematic responses to stationary running performed in water and on dry land. Eur J Appl Physiol 2011; 111: 1157-1166 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0004]4 Andersen JL, Aagaard P. Effects of strength training on muscle fiber types and size; consequences for athletes training for high-intensity sport. Scand J Med Sci Sports 2010; 20 (Suppl. 02) 32-38 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0005]5 Baker DG, Newton RU. Adaptations in upper-body maximal strength and power output resulting from long-term resistance training in experienced strength-power athletes. J Strength Cond Res 2006; 20: 541-546 





PubMedGoogle Scholar





	
[bookmark: R2388-0006]6 Bean JF, Herman S, Kiely DK, Frey IC, Leveille SG, Fielding RA, Frontera WR. 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: R2388-0007]7 Bean JF, Kiely DK, Herman S, Leveille SG, Mizer K, Frontera WR, Fielding RA. The relationship between leg power and physical performance in mobility-limited older people. J Am Geriatr Soc 2002; 50: 461-467 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0008]8 Behm DG, Sale DG. Velocity specificity of resistance training. Sports Med 1993; 15: 374-388 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0009]9 Bennell K, Duncan M, Cowan S, McConnell J, Hodges P, Crossley K. Effects of vastus medialis oblique retraining versus general quadriceps strengthening on vasti onset. Med Sci Sports Exerc 2010; 42: 856-864 





PubMedGoogle Scholar





	
[bookmark: R2388-0010]10 Bosco C, Luhtanen P, Komi PV. A simple method for measurement of mechanical power in jumping. Eur J Appl Physiol 1983; 50: 273-282 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0011]11 Bottaro M, Machado SN, Nogueira W, Scales R, Veloso J. Effect of high versus low-velocity resistance training on muscular fitness and functional performance in older men. Eur J Appl Physiol 2007; 99: 257-264 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0012]12 Cadore EL, Pinto RS, Alberton CL, Pinto SS, Lhullier FL, Tartaruga MP, Correa CS, Almeida AP, Silva EM, Laitano O, Kruel LF. Neuromuscular economy, strength, and endurance in healthy elderly men. J Strength Cond Res 2011; 25: 997-1003 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0013]13 Cadore EL, Pinto RS, Lhullier FL, Correa CS, Alberton CL, Pinto SS, Almeida AP, Tartaruga MP, Silva EM, Kruel LF. Physiological effects of concurrent training in elderly men. Int J Sports Med 2010; 31: 689-697 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R2388-0014]14 Cadore EL, Pinto RS, Pinto SS, Alberton CL, Correa CS, Tartaruga MP, Silva EM, Almeida AP, Trindade GT, Kruel LF. Effects of strength, endurance, and concurrent training on aerobic power and dynamic neuromuscular economy in elderly men. J Strength Cond Res 2011; 25: 758-766 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0015]15 Caserotti P, Aagaard P, Larsen JB, Puggaard L. Explosive heavy-resistance training in old and very old adults: changes in rapid muscle force, strength and power. Scand J Med Sci Sports 2008; 18: 773-782 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0016]16 Da Silva EM, Brentano MA, Cadore EL, De Almeida AP, Kruel LF. Analysis of muscle activation during different leg press exercises at submaximum effort levels. J Strength Cond Res 2008; 22: 1059-1065 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0017]17 Fiatarone MA, Marks EC, Ryan ND, Meredith CN, Lipsitz LA, Evans WJ. High-intensity strength training in nonagenarians. Effects on skeletal muscle. JAMA 1990; 263: 3029-3034 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0018]18 Fielding RA, LeBrasseur NK, Cuoco A, Bean J, Mizer K, Fiatarone Singh MA. High-velocity resistance training increases skeletal muscle peak power in older women. J Am Geriatr Soc 2002; 50: 655-662 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0019]19 Frontera WR, Hughes VA, Krivickas LS, Kim SK, Foldvari M, Roubenoff R. Strength training in older women: early and late changes in whole muscle and single cells. Muscle Nerve 2003; 28: 601-608 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0020]20 Frontera WR, Hughes VA, Lutz KJ, Evans WJ. A cross-sectional study of muscle strength and mass in 45- to 78-yr-old men and women. J Appl Physiol 1991; 71: 644-650 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0021]21 Granacher U, Gruber M, Gollhofer A. Resistance training and neuromuscular performance in seniors. Int J Sports Med 2009; 30: 652-657 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R2388-0022]22 Hakkinen K, Alen M, Kallinen M, Newton RU, Kraemer WJ. Neuromuscular adaptation during prolonged strength training, detraining and re-strength-training in middle-aged and elderly people. Eur J Appl Physiol 2000; 83: 51-62 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0023]23 Hakkinen K, Kallinen M, Izquierdo M, Jokelainen K, Lassila H, Malkia E, Kraemer WJ, Newton RU, Alen M. Changes in agonist-antagonist EMG, muscle CSA, and force during strength training in middle-aged and older people. J Appl Physiol 1998; 84: 1341-1349 





PubMedGoogle Scholar





	
[bookmark: R2388-0024]24 Hakkinen K, Kraemer WJ, Newton RU, Alen M. Changes in electromyographic activity, muscle fibre and force production characteristics during heavy resistance/power strength training in middle-aged and older men and women. Acta Physiol Scand 2001; 171: 51-62 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0025]25 Hakkinen K, Newton RU, Gordon SE, McCormick M, Volek JS, Nindl BC, Gotshalk LA, Campbell WW, Evans WJ, Hakkinen A, Humphries BJ, Kraemer WJ. Changes in muscle morphology, electromyographic activity, and force production characteristics during progressive strength training in young and older men. J Gerontol A Biol Sci Med Sci 1998; 53: B415-B423 





PubMedGoogle Scholar





	
[bookmark: R2388-0026]26 Harridge SD, Kryger A, Stensgaard A. Knee extensor strength, activation, and size in very elderly people following strength training. Muscle Nerve 1999; 22: 831-839 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0027]27 Harriss DJ, Atkinson G. Update – ethical standards in sport and exercise science research. Int J Sports Med 2011; 32: 819-821 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R2388-0028]28 Hruda KV, Hicks AL, McCartney N. Training for muscle power in older adults: effects on functional abilities. Can J Appl Physiol 2003; 28: 178-189 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0029]29 Hunter GR, McCarthy JP, Bamman MM. Effects of resistance training on older adults. Sports Med 2004; 34: 329-348 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0030]30 Izquierdo M, Aguado X, Gonzalez R, Lopez JL, Hakkinen K. Maximal and explosive force production capacity and balance performance in men of different ages. Eur J Appl Physiol 1999; 79: 260-267 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0031]31 Jackson AS, Pollock ML. Generalized equations for predicting body density of men. Br J Nutr 1978; 40: 497-504 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0032]32 Komi PV. Stretch-shortening cycle: a powerful model to study normal and fatigued muscle. J Biomech 2000; 33: 1197-1206 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0033]33 Komi PV. IOC Medical Commission., International Federation of Sports Medicine. Strength and Power in Sport. Oxford: Blackwell Scientific; 1992 





Google Scholar





	
[bookmark: R2388-0034]34 Korhonen MT, Mero AA, Alen M, Sipila S, Hakkinen K, Liikavainio T, Viitasalo JT, Haverinen MT, Suominen H. Biomechanical and skeletal muscle determinants of maximum running speed with aging. Med Sci Sports Exerc 2009; 41: 844-856 





PubMedGoogle Scholar





	
[bookmark: R2388-0035]35 Kraemer WJ, Ratamess NA. Fundamentals of resistance training: progression and exercise prescription. Med Sci Sports Exerc 2004; 36: 674-688 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0036]36 Lajoie Y, Gallagher SP. Predicting falls within the elderly community: comparison of postural sway, reaction time, the Berg balance scale and the Activities-specific Balance Confidence (ABC) scale for comparing fallers and non-fallers. Arch Gerontol Geriatr 2004; 38: 11-26 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0037]37 Laroche DP. Initial neuromuscular performance in older women influences response to explosive resistance training. Isokinet Exerc Sci 2009; 17: 197 





PubMedGoogle Scholar





	
[bookmark: R2388-0038]38 LaRoche DP, Cremin KA, Greenleaf B, Croce RV. Rapid torque development in older female fallers and nonfallers: a comparison across lower-extremity muscles. J Electromyogr Kinesiol 2010; 20: 482-488 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0039]39 Laroche DP, Knight CA, Dickie JL, Lussier M, Roy SJ. Explosive force and fractionated reaction time in elderly low- and high-active women. Med Sci Sports Exerc 2007; 39: 1659-1665 





PubMedGoogle Scholar





	
[bookmark: R2388-0040]40 LaRoche DP, Roy SJ, Knight CA, Dickie JL. Elderly women have blunted response to resistance training despite reduced antagonist coactivation. Med Sci Sports Exerc 2008; 40: 1660-1668 





PubMedGoogle Scholar





	
[bookmark: R2388-0041]41 Macaluso A, De Vito G. Muscle strength, power and adaptations to resistance training in older people. Eur J Appl Physiol 2004; 91: 450-472 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0042]42 Malisoux L, Francaux M, Nielens H, Renard P, Lebacq J, Theisen D. Calcium sensitivity of human single muscle fibers following plyometric training. Med Sci Sports Exerc 2006; 38: 1901-1908 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0043]43 Moritani T, deVries HA. Neural factors versus hypertrophy in the time course of muscle strength gain. Am J Phys Med 1979; 58: 115-130 





PubMedGoogle Scholar





	
[bookmark: R2388-0044]44 Narici MV, Roi GS, Landoni L, Minetti AE, Cerretelli P. Changes in force, cross-sectional area and neural activation during strength training and detraining of the human quadriceps. Eur J Appl Physiol 1989; 59: 310-319 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0045]45 Petrella JK, Miller LS, Cress ME. Leg extensor power, cognition, and functional performance in independent and marginally dependent older adults. Age Ageing 2004; 33: 342-348 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0046]46 Pyka G, Lindenberger E, Charette S, Marcus R. Muscle strength and fiber adaptations to a year-long resistance training program in elderly men and women. J Gerontol 1994; 49: M22-M27 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0047]47 Seynnes O, Fiatarone Singh MA, Hue O, Pras P, Legros P, Bernard PL. Physiological and functional responses to low-moderate versus high-intensity progressive resistance training in frail elders. J Gerontol A Biol Sci Med Sci 2004; 59: 503-509 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0048]48 Skelton DA, Young A, Greig CA, Malbut KE. Effects of resistance training on strength, power, and selected functional abilities of women aged 75 and older. J Am Geriatr Soc 1995; 43: 1081-1087 





PubMedGoogle Scholar





	
[bookmark: R2388-0049]49 Stensdotter AK, Hodges PW, Mellor R, Sundelin G, Hager-Ross C. Quadriceps activation in closed and in open kinetic chain exercise. Med Sci Sports Exerc 2003; 35: 2043-2047 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0050]50 Sturnieks St DL, George R, Lord SR. Balance disorders in the elderly. Neurophysiol Clin 2008; 38: 467-478 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0051]51 Tinetti ME. Clinical practice. Preventing falls in elderly persons. N Engl J Med 2003; 348: 42-49 





CrossrefPubMedGoogle Scholar





	
[bookmark: R2388-0052]52 Yamada T, Demura S. Relationships between ground reaction force parameters during a sit-to-stand movement and physical activity and falling risk of the elderly and a comparison of the movement characteristics between the young and the elderly. Arch Gerontol Geriatr 2009; 48: 73-77 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 34.207.100.160
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  