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                    Abstract
Object
To compare the differences in diffusion properties—namely fractional anisotropy (FA), three eigenvalues of the diffusion tensor (λ1, λ2, and λ3), and apparent diffusion coefficient (ADC)—between athletically-trained and untrained lower leg musculature.
Materials and methods
Twelve athletes (Group A) and 11 non-athletes (Group B) were recruited. All were females in their 20s. We scanned diffusion tensor images of both calves and compared FA, the three eigenvalues, and ADC in the gastrocnemius medialis, gastrocnemius lateralis, soleus (SOL), and anterior tibialis muscles between Groups A and B, and between the right and left sides, using two-factor fractional ANOVA.
Results
In all muscles of bilateral calves, all three eigenvalues and ADC were lower in Group A than in Group B, with statistically significant differences in all muscles for λ1, λ2, and λ3 and ADC, with a P value of <0.01. Moreover, statistical differences were also found between right and left for λ1, λ2, and λ3 (P < 0.05), and ADC (P < 0.01) of the SOL muscle. FA showed no statistically significant differences in any muscles.
Conclusions
Our results indicate that training causes a decrease of the three eigenvalues and ADC, which we hypothesize is due to an increase of density of myofilaments in the intracellular space, and deformation of the cell induced by enlargement of extracellular components.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1


Fig. 2



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Dynamic DTI (dDTI) shows differing temporal activation patterns in post-exercise skeletal muscles
                                        
                                    

                                    
                                        Article
                                        
                                         13 September 2016
                                    

                                

                                Conrad Rockel, Alireza Akbari, … Michael D. Noseworthy

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Diffusion tensor imaging combined with T2 mapping to quantify changes in the skeletal muscle associated with training and endurance exercise in competitive triathletes
                                        
                                    

                                    
                                        Article
                                        
                                         17 January 2020
                                    

                                

                                S. Keller, J. Yamamura, … E. Tahir

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        The repeatability of bilateral diffusion tensor imaging (DTI) in the upper leg muscles of healthy adults
                                        
                                    

                                    
                                        Article
                                         Open access
                                         08 November 2019
                                    

                                

                                Jithsa R. Monte, Melissa T. Hooijmans, … Aart J. Nederveen

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Sinha U, Yao L (2002) In vivo diffusion tensor imaging of human calf muscle. J Magn Reson Imaging 15:87–95
Article 
    PubMed 
    
                    Google Scholar 
                

	Tseng WY, Wedeen VJ, Reese TG, Smith RN, Halpern EF (2003) Diffusion tensor MRI of myocardial fibers and sheets: correspondence with visible cut-face texture. J Magn Reson Imaging 17:31–42
Article 
    PubMed 
    
                    Google Scholar 
                

	Galbán CJ, Maderwald S, Uffmann K, de Greiff A, Ladd ME (2004) Diffusive sensitivity to muscle architecture: a magnetic resonance diffusion tensor imaging study of the human calf. Eur J Appl Physiol 93:253–262
Article 
    PubMed 
    
                    Google Scholar 
                

	Galbán CJ, Maderwald S, Uffmann K, Ladd ME (2005) A diffusion tensor imaging analysis of gender differences in water diffusivity within human skeletal muscle. NMR Biomed 18:489–498
Article 
    PubMed 
    
                    Google Scholar 
                

	Galbán CJ, Maderwald S, Stock F, Ladd ME (2007) Age-related changes in skeletal muscle as detected by diffusion tensor magnetic resonance imaging. J Gerontol A Biol Sci Med Sci 62:453–458
Article 
    PubMed 
    
                    Google Scholar 
                

	Heemskerk AM, Strijkers GJ, Vilanova A, Drost MR, Nicolay K (2005) Determination of mouse skeletal muscle architecture using three-dimensional diffusion tensor imaging. Magn Reson Med 53:1333–1340
Article 
    PubMed 
    
                    Google Scholar 
                

	Chen J, Liu W, Zhang H et al (2005) Regional ventricular wall thickening reflects changes in cardiac fiber and sheet structure during contraction: quantification with diffusion tensor MRI. Am J Physiol Heart Circ Physiol 289:1898–1907
Article 
    
                    Google Scholar 
                

	Zaraiskaya T, Kumbhare D, Noseworthy MD (2006) Diffusion tensor imaging in evaluation of human skeletal muscle injury. J Magn Reson Imaging 24:402–408
Article 
    PubMed 
    
                    Google Scholar 
                

	Hatakenaka M, Matsuo Y, Setoguchi T et al (2008) Alteration of proton diffusivity associated with passive muscle extension and contraction. J Magn Reson Imaging 27:932–937
Article 
    PubMed 
    
                    Google Scholar 
                

	Deux JF, Malzy P, Paragios N et al (2008) Assessment of calf muscle contraction by diffusion tensor imaging. Eur Radiol 18:2303–2310
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Okamoto Y, Kunimatsu A, Miki S et al (2008) Fractional anisotropy values of calf muscles in normative state after exercise: preliminary results. Magn Reson Med Sci 7:157–162
Article 
    PubMed 
    
                    Google Scholar 
                

	Nakai R, Azuma T, Sudo M, Urayama S, Takizawa O, Tsutsumi S (2008) MRI analysis of structural changes in skeletal muscles and surrounding tissues following long-term walking exercise with training equipment. J Appl Physiol 105:958–963
Article 
    PubMed 
    
                    Google Scholar 
                

	Schwenzer NF, Steidle G, Martirosian P et al (2009) Diffusion tensor imaging of the human calf muscle: distinct changes in fractional anisotropy and mean diffusion due to passive muscle shortening and stretching. NMR Biomed 22:1047–1053
PubMed 
    
                    Google Scholar 
                

	Shoepe TC, Stelzer JE, Garner DP, Widrick JJ (2003) Functional adaptability of muscle fibers to long-term resistance exercise. Med Sci Sports Exerc 35:944–951
Article 
    PubMed 
    
                    Google Scholar 
                

	Coyle EF (2005) Improved muscular efficiency displayed as Tour de France champion matures. J Appl Physiol 98:2191–2196
Article 
    PubMed 
    
                    Google Scholar 
                

	Aagaard P, Magnusson PS, Larsson B, Kjaer M, Krustrup P (2007) Mechanical muscle function, morphology, and fiber type in lifelong trained elderly. Med Sci Sports Exerc 39:1989–1996
Article 
    PubMed 
    
                    Google Scholar 
                

	Jones DA, Rutherford OM, Parker DF (1989) Physiological changes in skeletal muscle as a result of strength training. Q J Exp Physiol 74:233–256
PubMed 
    CAS 
    
                    Google Scholar 
                

	Wilmore JH, Costill DL, Kenny DL (2008) Adaptations to resistance training. In: Bahrke MS (ed) Physiology of sport and exercise, 4th edn. Human Kinetics, Champaign, pp 202–210

	Abernethy PJ, Jürimäe J, Logan PA, Taylor AW, Thayer RE (1994) Acute and chronic response of skeletal muscle to resistance exercise. Sports Med 17:22–38
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Fry AC (2004) The role of resistance exercise intensity on muscle fibre adaptations. Sports Med 34:663–679
Article 
    PubMed 
    
                    Google Scholar 
                

	Bell GJ, Syrotuik D, Martin TP, Burnham R, Quinny HA (2000) Effect of concurrent strength and endurance training on skeletal muscle properties and hormone concentrations. Eur J Appl Physiol 81:418–427
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Putman CT, Xu X, Gillies E, MacLean IM, Bell GJ (2004) Effects of strength, endurance and combined training on myosin heavy chain content and fibre-type distribution in humans. Eur J Appl Physiol 92:376–384
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Saotome T, Sekino M, Eto F, Ueno S (2006) Evaluation of diffusional anisotropy and microscopic structure in skeletal muscles using magnetic resonance. Magn Reson Imaging 24:19–25
Article 
    PubMed 
    
                    Google Scholar 
                

	Le Bihan D, Mangin JF, Poupon C (2001) Diffusion tensor imaging: concepts and applications. J Magn Reson Imaging 13:534–546
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kinsey ST, Locke BR, Penke B, Moerland TS (1999) Diffusional anisotropy is induced by subcellular barriers in skeletal muscle. NMR Biomed 12:1–7
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Papadopoulos S, Jürgens KD, Gros G (2000) Protein diffusion in living skeletal muscle fibers: dependence on protein size, fiber type, and contraction. Biophys J 79:2084–2094
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Glass DJ (2005) Skeletal muscle hypertrophy and atrophy signaling pathways. Int J Biochem Cell Biol 37:1974–1984
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Takano K, Watanabe-Takano H, Suetsugu S et al (2010) Nebulin and N-WASP cooperate to cause IGF-1-induced sarcomeric actin filament formation. Science 330:1536–1540
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yamada S, Buffinger N, DiMario J, Strohman RC (1989) Fibroblast growth factor is stored in fiber extracellular matrix and plays a role in regulating muscle hypertrophy. Med Sci Sports Exerc 21:173–180

                    Google Scholar 
                

	Morse CI, Thom JM, Birch KM, Narici MV (2005) Changes in triceps surae muscle architecture with sarcopenia. Acta Physiol Scand 183:291–298
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Chow RS, Medri MK, Martin DC, Leekam RN, Agur AM, McKee NH (2000) Sonographic studies of human soleus and gastrocnemius muscle architecture: gender variability. Eur J Appl Physiol 82:236–244
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Basser PJ, Pajevic S (2000) Statistical artifacts in diffusion tensor MRI (DT-MRI) caused by background noise. Magn Reson Med 44:41–50
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Jones DK (2003) Determining and visualizing uncertainty in estimates of fiber orientation from diffusion tensor MRI. Magn Reson Med 49:7–12
Article 
    PubMed 
    
                    Google Scholar 
                

	Froeling M, Oudeman J, van den Berg S et al (2010) Reproducibility of diffusion tensor imaging in human forearm muscles at 3.0 T in a clinical setting. Magn Reson Med 64:1182–1190
Article 
    PubMed 
    
                    Google Scholar 
                

	Enns DL, Tiidus PM (2010) The influence of estrogen on skeletal muscle: sex matters. Sports Med 40:41–58
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
We would like to thank Okamoto T, Inoguchi T, and Okuaki T for scanning of volunteers and assisting with analysis. We also thank Takahashi H for assisting with our statistical analysis. This study was supported by grants from Japanese Grant-in-Aid for Scientific Research (21791169).


Author information
Authors and Affiliations
	Department of Radiology, Institute of Clinical Medicine, University of Tsukuba Hospital, 2-1-1 Amakubo, Tsukuba, Ibaraki, 305-8576, Japan
Yoshikazu Okamoto, Katsuhiro Nasu & Manabu Minami

	Doctoral Program of Sports Medicine, Graduate School of Comprehensive Human Sciences, University of Tsukuba, Tsukuba, Japan
Shintaro Mori

	Department of Radiology, Tsukuba Memorial Hospital, Tsukuba, Japan
Yuka Kujiraoka

	Department of Radiology, University of Tsukuba Hospital, Tsukuba, Japan
Yuji Hirano


Authors	Yoshikazu OkamotoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shintaro MoriView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yuka KujiraokaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Katsuhiro NasuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yuji HiranoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Manabu MinamiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Yoshikazu Okamoto.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Okamoto, Y., Mori, S., Kujiraoka, Y. et al. Diffusion property differences of the lower leg musculature between athletes and non-athletes using 1.5T MRI.
                    Magn Reson Mater Phy 25, 277–284 (2012). https://doi.org/10.1007/s10334-011-0294-3
Download citation
	Received: 01 March 2011

	Revised: 04 October 2011

	Accepted: 25 October 2011

	Published: 16 November 2011

	Issue Date: August 2012

	DOI: https://doi.org/10.1007/s10334-011-0294-3


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	DTI
	Skeletal muscle
	Hypertrophy
	Diffusion property
	Eigenvalue
	ADC








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.95.150.61
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    