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[bookmark: N10CE2]
Abstract


This study aimed to compare the oxygen uptake (VO2), the muscle activity of lower limbs, and the vertical ground reaction force (V-GRF) of women performing water aerobic exercises at different intensities. 12 young women performed the experimental protocol, which consisted of 3 water exercises (stationary running [SR], frontal kick [FK] and cross country skiing [CCS]) at 3 intensities (first and second ventilatory thresholds and maximum effort). A two-way repeated measures ANOVA was used. Regarding VO2, different responses between intensities (p<0.001) were found, and values between exercises were similar. For electromyographic activity (EMG), differences between intensities for all muscles (p<0.001) were found. Greater EMG signals were observed in the FK compared to SR for rectus femoris, semitendinosus, vastus lateralis and biceps femoris muscles (p<0.05). Regarding V-GRF, there was an increase in the V-GRF at greater intensities compared to the first ventilatory threshold (p=0.001). In addition, lower values were found during CCS compared to the SR and FK exercises (p<0.001). Thus, greater cardiorespiratory and neuromuscular responses were observed with increasing intensity. Exercises such as CCS could be used to attenuate the V-GRF; if the purpose is to reduce the muscular activity of lower limbs at a specific intensity, SR could be recommended.





[bookmark: N10D04]
Key words

aquatic exercise - 
underwater EMG - 
impact forces





 

[bookmark: ]

[bookmark: N111DF]
	
References


	
[bookmark: R3550-0001]1 Alberton CL, Olkoski MM, Becker ME, Pinto SS, Kruel LFM. Cardiorespiratory responses of postmenopausal women to different water exercises. Int J Aquat Res Educ 2007; 1: 363-372 





PubMedGoogle Scholar





	
[bookmark: R3550-0002]2 Alberton CL, Cadore EL, Pinto SS, Tartaruga MP, Silva EM, Kruel LFM. 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: R3550-0003]3 Alberton CL, Antunes AH, Beilke DD, Pinto SS, Kanitz AC, Tartaruga MP, Kruel LFM. Maximal and ventilatory threshold of oxygen uptake and rating of perceived exertion responses to water aerobic exercises. J Strength Cond Res 2013; 27: 1897-1903 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0004]4 Alberton CL, Tartaruga MP, Pinto SS, Cadore EL, Antunes AH, Finatto P, Kruel LFM. Vertical Ground Reaction Force during Water Exercises Performed at Different Intensities. Int J Sports Med 2013; 34: 881-887 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3550-0005]5 Alexander R. Mechanics and energetic of animal locomotion. In: Alexander R, Goldspink G. (eds.) Swimming. London: Chapman & Hall; 1977: 222-248 





Google Scholar





	
[bookmark: R3550-0006]6 Baciuk EP, Pereira RI, Cecatti JG, Braga AF, Cavalcante SR. Water aerobics in pregnancy: Cardiovascular response, labor and neonatal outcomes. Reprod Health 2008; 21: 5-10 





PubMedGoogle Scholar





	
[bookmark: R3550-0007]7 Barbosa TM, Garrido MF, Bragada J. Physiological adaptations to head-out aquatic exercises with different levels of body immersion. J Strength Cond Res 2007; 21: 1255-1259 





PubMedGoogle Scholar





	
[bookmark: R3550-0008]8 Barbosa TM, Sousa VF, Silva AJ, Reis VM, Marinho DA, Bragada JA. Effects of musical cadence in the acute physiologic adaptations to head-out aquatic exercises. J Strength Cond Res 2010; 24: 244-250 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0009]9 Barela AMF, Stolf SF, Duarte M. Biomechanical characteristics of adults walking in shallow water and on land. J Electromyogr Kinesiol 2006; 16: 250-256 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0010]10 Barela AMF, Duarte M. Biomechanical characteristics of elderly individuals walking on land and in water. J Electromyogr Kinesiol 2008; 18: 446-454 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0011]11 Batterham SI, Heywood S, Keatinge JL. Systematic review and meta-analysis comparing land and aquatic exercises for people with hip or knee arthritis on function, mobility and other health outcomes. BMC Musculoskeletal Disorders 2011; 12: 123 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0012]12 Brito-Fontana H, Haupenthal A, Ruschel C, Hubert M, Ridehalgh C, Roesler H. Effect of gender, cadence, and water immersion on ground reaction forces during stationary running. J Orthop Sports Phys Ther 2012; 42: 437-443 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0013]13 Cadore EL, Pinto RS, Alberton CL, Pinto SS, Lhullier FLR, Tartaruga MP, Correa CS, Almeida APV, Silva EM, Laitano O, Kruel LFM. Neuromuscular economy, strength, and endurance in healthy elderly men. J Strength Cond Res 2011; 25: 997-1003 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0014]14 Cassady SL, Nielsen DH. Cardiorespiratory responses of healthy subjects to calisthenics performed on land versus in water. Phys Ther 1992; 75: 532-538 





PubMedGoogle Scholar





	
[bookmark: R3550-0015]15 Colado JC, Tella V, Triplett NT. A method for monitoring intensity during aquatic resistance exercises. J Strength Cond Res 2008; 22: 2045-2049 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0016]16 Colado JC, Garcia-Masso X, González LM, Triplett NT, Mayo C, Merce J. Two-leg squat jumps in water: an effective alternative to dry land jumps. Int J Sports Med 2010; 31: 118-122 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3550-0017]17 Colado JC, Borreani S, Pinto SS, Tella V, Martin F, Flandez J, Kruel LF. Neuromuscular responses during aquatic resistance exercise with different devices and depths. J Strength Cond Res 2013; 27: 3384-3390 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0018]18 DeLuca CJ. The use of surface electromyography in biomechanics. J Appl Biomech 1997; 13: 135-163 





PubMedGoogle Scholar





	
[bookmark: R3550-0019]19 Harriss DJ, Atkinson G. 2014 Update – Ethical standards in sport and exercise science research. Int J Sports Med 2013; 34: 1025-1028 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3550-0020]20 Harrisson RA, Hillman M, Bulstrode S. Loading of the lower limb when walking partially immersed: Implications for clinical practice. Physiotherapy 1992; 78: 164-166 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0021]21 Haupenthal A, Ruschel C, Hubert M, de Brito-Fontana H, Roesler H. Loading forces in shallow water running in two levels of immersion. J Rehabil Med 2010; 42: 664-669 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0022]22 Haupenthal A, Fontana HB, Ruschel C, Santos DP, Roesler H. Ground reaction forces in shallow water running are affected by immersion level, running speed and gender. J Sci Med Sport 2013; 16: 348-352 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0023]23 Hermens HJ, Freriks B, Merletti R, Stegeman D, Blok J, Rau G, Disselhorst-Klug C, Hägg G. European recommendations for surface electromyography: results of the SENIAM project. Enschede: Roessingh Research and Development B.V; 1999: 122 





Google Scholar





	
[bookmark: R3550-0024]24 Howley ET, Basset Jr DR, Welch HG. Criteria for maximal oxygen uptake: review and commentary. Med Sci Sports Exerc 1995; 27: 1292-1301 





PubMedGoogle Scholar





	
[bookmark: R3550-0025]25 Hug F, Laplaud D, Savin B, Grelót L. Occurrence of electromyographic and ventilatory thresholds in professional road cyclists. Eur J Appl Physiol 2003; 90: 643-646 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0026]26 Jackson AS, Pollock ML, Ward A. Generalized equations for predicting body density of women. Med Sci Sports Exerc 1980; 12: 175-182 





PubMedGoogle Scholar





	
[bookmark: R3550-0027]27 Jones LM, Meredith-Jones K, Legge M. The effect of water-based exercise on glucose and insulin response in overweight women: A pilot study. J Womens Health 2009; 18: 1653-1659 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0028]28 Kaneda K, Sato D, Wakabayashi H, Nomura T. EMG activity of hip and trunk muscles during deep-water running. J Electromyogr Kinesiol 2009; 19: 1064-1070 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0029]29 Kelly BT, Roskin LA, Kirkendall DT, Speer KP. Shoulder muscle activation during aquatic and dry land exercises in nonimpaired subjects. J Orthop Sports Phys Ther 2000; 30: 204-210 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0030]30 Lucía A, Sánchez O, Carvajal A, Chicharro JL. Analysis of the aerobic-anaerobic transition in elite cyclists during incremental exercise with the use of electromyography. Br J Sports Med 1999; 33: 178-185 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0031]31 Masumoto K, Tomoki S, Hotta N, Fujishima K. Muscle activation, cardiorespiratory response, and rating of perceived exertion in older subjects while walking in water and on dry land. J Electromyogr Kinesiol 2008; 18: 581-590 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0032]32 Masumoto K, Delion D, Mercer JA. Insight into muscle activity during deep water running. Med Sci Sports Exerc 2009; 41: 1958-1964 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0033]33 Miyoshi T, Shirota T, Yamamoto S, Nakazawa K, Akai M. Effect of the walking speed to the lower limb joint angular displacements, joint moments and ground reaction forces during walking in water. Disabil Rehabil 2004; 26: 724-732 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0034]34 Miyoshi T, Nakazawa K, Tanizaki M, Sato T, Akai M. Altered activation pattern in synergistic ankle plantarflexor muscles in a reduced-gravity environment. Gait Posture 2006; 24: 94-99 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0035]35 Nakazawa K, Yano H, Miyashita M. Ground reaction forces during walking in water. Med Sci Aquatic Sports 1994; 39: 28-34 





PubMedGoogle Scholar





	
[bookmark: R3550-0036]36 Pinto SS, Liedtke GV, Alberton CL, Silva EM, Cadore EL, Kruel LFM. Electromyographic signal and force comparisons during maximal voluntary isometric contraction in water and on dry land. Eur J Appl Physiol 2010; 110: 1075-1082 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0037]37 Pinto SS, Cadore EL, Alberton CL, Silva EM, Kanitz AC, Tartaruga MP, Kruel LFM. Cardiorespiratory and neuromuscular responses during water aerobics exercise performed with and without equipment. Int J Sports Med 2011; 32: 916-923 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R3550-0038]38 Pöyhönen T, Kyrolainen H, Keskinen KL, Hautala A, Savolainen J, Mälkiä E. Electromyographic and kinematic analysis of therapeutic knee exercises under water. Clin Biomech 2001; 16: 496-504 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0039]39 Raffaelli C, Lanza M, Zanolla L, Zamparo P. Exercise intensity of head-out water-based activities (water fitness). Eur J Appl Physiol 2010; 109: 829-838 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0040]40 Rainoldi A, Cescon C, Bottin A, Casale R, Caruso I. Surface EMG alterations induced by underwater recording. J Electromyogr Kinesiol 2004; 14: 325-331 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0041]41 Roesler H, Haupenthal A, Schütz GR, Souza PV. Dynamometric analysis of the maximum force applied in aquatic human gait at 1.3 m of immersion. Gait Posture 2006; 24: 412-417 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0042]42 Silva LE, Valim V, Pessanha APC, Oliveira LM, Myamoto S, Jones A, Natour J. Hydrotherapy versus conventional land-based exercise for the management of patients with osteoarthritis of the knee: a randomized clinical trial. Phys Ther 2008; 88: 12-21 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0043]43 Siri WE. Body composition from fluid spaces and density: analysis of methods. Nutrition 1993; 9: 480-491 





PubMedGoogle Scholar





	
[bookmark: R3550-0044]44 Triplett NT, Colado JC, Benavent J, Alakhdar Y, Madera J, Gonzalez LM, Tella V. Concentric and impact forces of single-leg jumps in an aquatic environment versus on land. Med Sci Sports Exerc 2009; 41: 1790-1796 





CrossrefPubMedGoogle Scholar





	
[bookmark: R3550-0045]45 Wasserman K, Whipp BJ, Koyal SN, Beaver WL. Anaerobic threshold and respiratory gas exchange during exercise. J Appl Physiol 1973; 35: 236-243 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.80.78.225
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  