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Abstract


We examined the effects of ankle and knee joint cooling on 20-m sprint times and maximal vertical jump heights during high-intensity intermittent exercise. 21 healthy collegiate male basketball (n=14) and handball players (n=7) underwent 3 experimental sessions. Each session consisted of four 15-min quarters of high-intensity intermittent exercises including various intensities of 20-m shuttle running and jumping. A 20-min bilateral joint cooling (ankle, knee, or control-no cooling: in a counterbalanced order) was applied before quarters 1 and 3. After joint cooling, no warm-up activity other than the exercise protocol was given. The 20-m sprint times and maximal vertical jump heights in each experimental session were recorded at baseline (prior to quarter-1) and during each quarter. To test joint cooling effects over time, we performed 3×5 mixed model ANOVAs. Neither ankle nor knee joint cooling changed 20-m sprint times (F8,280=1.45; p=0.18) or maximal vertical jump heights (F8,280=0.76; p=0.64). However, a trend was observed in which joint cooling immediately decreased (quarters 1 and 3) but active warm-up for approximately 20 min improved 20-min sprint times (quarters 2 and 4). Our study suggests that athletic performance such as sprinting and jumping are not altered by joint cooling applied prior to or during high-intensity intermittent exercise.





[bookmark: N10C7A]
Key words

cryotherapy - 
20-m sprint - 
maximal vertical jump - 
athletic performance





 

[bookmark: ]

[bookmark: N1110C]
	
References


	
[bookmark: R4877-0001]1 Algafly AA, George KP. The effect of cryotherapy on nerve conduction velocity, pain threshold and pain tolerance. Br J Sports Med 2007; 41: 365-369 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0002]2 Bleakely CM, Costello JT. Do thermal agents affect range of movement and mechanical properties in soft tissues? a systematic review. Arch Phys Med Rehabil 2013; 94: 149-163 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0003]3 Bleakley CM, Costello JT, Glasgow PD. Should athletes return to sport after applying ice? A systematic review of the effect of local cooling on functional performance. Sports Med 2012; 42: 69-87 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0004]4 Bushman BA. How can I use EMTs to quantify the amount of aerobic exercise?. ACSMs Health Fit J 2012; 16: 5-7 





PubMedGoogle Scholar





	
[bookmark: R4877-0005]5 Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed.  Hillsdale, NJ: Lawrence Earlbaum Associates; 1988 





Google Scholar





	
[bookmark: R4877-0006]6 Cornwall MW. Effect of temperature on muscle force and rate of muscle force production in men and women. J Orthop Sports Phys Ther 1994; 20: 74-80 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0007]7 Costello JTDA. Cryotherapy and joint position sense in healthy participants: a systematic review. J Athl Train 2010; 45: 306-316 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0008]8 Cross KM, Wilson RW, Perrin DH. Functional performance following an ice immersion to the lower extremity. J Athl Train 1996; 31: 113-116 





PubMedGoogle Scholar





	
[bookmark: R4877-0009]9 Dixon PG, Kraemer WJ, Volek JS, Howard RL, Gomez AL, Comstock BA. The impact of cold-water immersion on power production in the vertical jump and the benefits of a dynamic exercise warm-up. J Strength Cond Res 2010; 24: 3313-3317 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0010]10 Evans TA, Ingersoll CD, Knight KL, Worell T. Agility following the application of cold therapy. J Athl Train 1995; 30: 231-234 





PubMedGoogle Scholar





	
[bookmark: R4877-0011]11 Ferretti G, Ishii M, Moia C, Cerretelli P. Effects of temperature on the maximal instantaneous muscle power of humans. Eur J Appl Physiol 1992; 64: 112-116 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0012]12 Fischer J, Van Lunen BL, Branch JD, Pirone JL. Functional performance following an ice bag application to the hamstrings. J Strength Cond Res 2009; 23: 44-50 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0013]13 Gardner MJ, Altman DG. Confidence intervals rather than P values: estimation rather than hypothesis testing. Br Med J 1986; 292: 746-750 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0014]14 Grant AE. Massage with ice (cryokinetics) in the treatment of painful conditions of the musculoskeletal system. Arch Phys Med Rehabil 1964; 44: 233-238 





PubMedGoogle Scholar





	
[bookmark: R4877-0015]15 Harris DJ, Atkinson G. Ethical standards in sports and exercise science research: 2016 update. Int J Sports Med 2015; 36: 1121-1124 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: R4877-0016]16 Haskell WL, Lee IM, Pate RR, Power KE, Blair SN. Physical activity and public health: updated recommendation for adults from the American College of Sports Medicine and the American Heart Association. Circulation 2007; 116: 1081-1093 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0017]7 Hayden CA. Cryokinetics in an early treatment program. Phys Ther 1964; 44: 990-993 





PubMedGoogle Scholar





	
[bookmark: R4877-0018]18 Hopkins JT, Rhonda S. Ankle cryotherapy facilitates soleus function. J Orthop Sports Phys Ther 2002; 32: 622-627 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0019]19 Jutte LS, Hawkins J, Miller KC, Long BC, Knight KL. Skinfold thickness at 8 common cryotherapy sites in various athletic populations. J Athl Train 2012; 47: 170-177 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0020]20 Karunakara RG, Lepart SM, Pincivero DM. Changes in forearm blood flow during single and intermittent cold application. J Orthop Sports Phys Ther 1999; 29: 177-180 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0021]21 Khoshnevis S, Craik NK, Diller KR. Cold-induced vasoconstriction may persist long after cooling ends: an evaluation of multiple cryotherapy units. Knee Surg Sports Traumatol Arthrosc 2015; 29: 2475-2483 





PubMedGoogle Scholar





	
[bookmark: R4877-0022]22 Kinzey SJ, Cordova ML, Gallen KJ, Smith JC, Moore JB. The effects of cryotherapy on ground-reaction forces produced during a functional task. J Sport Rehab 2000; 9: 3-14 





PubMedGoogle Scholar





	
[bookmark: R4877-0023]23 Knight KL, Draper DO. Therapeutic modalities: the art and science. Lippincott Willams & Wilkins; Baltimore, MD: 2008 





Google Scholar





	
[bookmark: R4877-0024]24 Knight KL. Effects of hypothermia on inflammation and swelling. Athl Train J Natl Athl Train Assoc 1976; 11: 7-10 





PubMedGoogle Scholar





	
[bookmark: R4877-0025]25 Latash ML. Neurophysiological basis of movement. 2nd Edn.  Human Kinetics; Champaign, IL: 2007: 40-46 





Google Scholar





	
[bookmark: R4877-0026]26 Merrick MA, Knight KL, Ingersoll CD, Potteiger JA. The effects of ice and compression wraps on intramuscular temperatures at various depths. J Athl Train 1993; 28: 236-245 





PubMedGoogle Scholar





	
[bookmark: R4877-0027]27 Merrick MA. Secondary injury after musculoskeletal trauma: a review and update. J Athl Train 2002; 37: 209-217 





PubMedGoogle Scholar





	
[bookmark: R4877-0028]28 Mosteller RD. Simplified calculation of body-surface area. N Eng J Med 1987; 317: 1098 





PubMedGoogle Scholar





	
[bookmark: R4877-0029]29 Myrer JW, Measom G, Durrant E, Fellingham GW. Cold- and hot-pack contrast therapy: subcutaneous and intramuscular temperature change. J Athl Train 1997; 32: 238-241 





PubMedGoogle Scholar





	
[bookmark: R4877-0030]30 Myrer JW, Measom G, Fellingham GW. Exercise after cryotherapy greatly enhances intramuscular rewarming. J Athl Train 2000; 35: 412-416 





PubMedGoogle Scholar





	
[bookmark: R4877-0031]31 Nicholas CW, Nuttal FE, Williams C. The Loughborough intermittent shuttle test: a field test that simulates the activity pattern of soccer. J Sports Sci 2000; 18: 97-104 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0032]32 Otte JW, Merrick MA, Ingersoll CD, Cordova ML. Subcutaneous adipose tissue thickness alters cooling time during cryotherapy. Arch Phys Med Rehabil 2002; 83: 1501-1505 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0033]33 Patterson SM, Udermann BE, Doberstein ST, Reineke DM. The effects of cold whirlpool on power, speed, agility, and range of motion. J Sports Sci Med 2008; 7: 387-394 





PubMedGoogle Scholar





	
[bookmark: R4877-0034]34 Pietrosimone BG, Ingersoll CD. Focal knee joint cooling increases the quadriceps central activation ratio. J Sports Sci 2009; 27: 873-879 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0035]35 Pritchard KA, Saliba SA. Should athletes return to activity after cryotherapy?. J Athl Train 2014; 49: 95-96 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0036]36 Ramsbottom R, Brewer J, Williams C. A progressive shuttle run test to estimate maximal oxygen uptake. Br J Sports Med 1996; 22: 141-144 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0037]37 Rice DA, McNair PJ, Dalbeth N. Effects of cryotherapy on arthrogenic muscle inhibition using an experimental model of knee swelling. Arthrit Rheumat 2009; 61: 78-83 





PubMedGoogle Scholar





	
[bookmark: R4877-0038]38 Richendollar ML, Darby LA, Brown TM. Ice bag application, active warm-up, and 3 measures of maximal functional performance. J Athl Train 2006; 41: 364-370 





PubMedGoogle Scholar





	
[bookmark: R4877-0039]39 Ruiz DH, Myrer JW, Durrant E, Fellingham GW. Cryotherapy and sequential exercise bouts following cryotherapy on concentric and eccentric strength in the quadriceps. J Athl Train 1993; 28: 320-323 





PubMedGoogle Scholar





	
[bookmark: R4877-0040]40 Thieme HA, Ingersoll CD, Knight KL, Ozmun JC. Cooling does not affect knee proprioception. J Athl Train 1996; 31: 8-11 





PubMedGoogle Scholar





	
[bookmark: R4877-0041]41 Thomas JR, Nelson J. Research Methods in Physical Activity. 5th Edn.  Champaign, IL: Human Kinetics; 2005: 196-200 





Google Scholar





	
[bookmark: R4877-0042]42 Uchio Y, Ochi M, Fujihara A, Adachi N, Iwasa J, Saki Y. Cryotherapy influences joint laxity and position sense of the healthy knee joint. Arch Phys Med Rehabil 2003; 84: 131-135 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0043]43 Verducci FM. Interval cryotherapy and fatigue in university baseball pitchers. Res Q Exerc Sport 2001; 72: 280-287 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0044]44 Welsh RS, Davis M, Burke JR, Williams HG. Carbohydrates and physical/mental performance during intermittent exercise to fatigue. Med Sci Sports Exerc 2002; 34: 723-731 





CrossrefPubMedGoogle Scholar





	
[bookmark: R4877-0045]45 Winnick JJ, Davis JM, Welsh RS, Carmichael MD, Murphy EA, Blackmon JA. Carbohydrate feedings during team sport exercise preserve physical CNS function. Med Sci Sports Exerc 2005; 37: 306-315 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.236.104.145
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  