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                    Abstract
We set out to answer two questions with this study: 1. Can stroke patients improve voluntary control of their paretic ankle by practising a visuo-motor ankle-tracking task? 2. Are practice effects enhanced with non-invasive brain stimulation? A carefully selected sample of chronic stroke patients able to perform the experimental task attended three data collection sessions. Facilitatory transcranial direct current stimulation (tDCS) was applied in a random order over the lower limb primary motor cortex of the lesioned hemisphere or the non-lesioned hemisphere or sham stimulation was delivered over the lesioned hemisphere. In each session, tDCS was applied as patients practiced tracking a sinusoidal waveform for 15 min using dorsiflexion–plantarflexion movements of their paretic ankle. The difference in tracking error prior to, and after, the 15 min of practice was calculated. A practice effect was revealed following sham stimulation, and this effect was enhanced with tDCS applied over the lesioned hemisphere. The practice effect observed following sham stimulation was eliminated by tDCS applied over the non-lesioned hemisphere. The study provides the first evidence that non-invasive brain stimulation applied to the lesioned motor cortex of moderate- to well-recovered stroke patients enhances voluntary control of the paretic ankle. The results provide a basis for examining whether this enhanced ankle control can be induced in patients with greater impairments and whether enhanced control of a single or multiple lower limb joints improves hemiparetic gait patterns.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Offline effects of transcranial direct current stimulation on reaction times of lower extremity movements in people after stroke: a pilot cross-over study
                                        
                                    

                                    
                                        Article
                                         Open access
                                         07 November 2019
                                    

                                

                                Milou J. M. Coppens, Wouter H. A. Staring, … Vivian Weerdesteyn

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The effect of transcranial direct current stimulation (tDCS) on locomotion and balance in patients with chronic stroke: study protocol for a randomised controlled trial
                                        
                                    

                                    
                                        Article
                                         Open access
                                         23 October 2017
                                    

                                

                                M. Geiger, A. Supiot, … N. Roche

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Movement-Related Somatosensory Activity Is Altered in Patients with Multiple Sclerosis
                                        
                                    

                                    
                                        Article
                                        
                                         09 February 2018
                                    

                                

                                David J. Arpin, James E. Gehringer, … Max J. Kurz

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Bienenstock E, Cooper L, Munro P (1982) Theory for the development of neuron selectivity: orientation specificity and binocular interaction in visual cortex. J Neurosci 2:32–48
CAS 
    PubMed 
    
                    Google Scholar 
                

	Bolognini N, Pascual-Leone A, Fregni F (2009) Using non-invasive brain stimulation to augment motor training-induced plasticity. J Neuro Eng Rehab 17:6–8

                    Google Scholar 
                

	Carey JR, Anderson KM, Kimberley TJ, Lewis SM, Auerbach EJ, Ugurbil K (2004) fMRI analysis of ankle movement tracking training in subject with stroke. Exp Brain Res 154:281–290
Article 
    PubMed 
    
                    Google Scholar 
                

	Fregni F, Boggio PS, Mansur CG, Wagner T, Ferreira MJ, Lima MC et al (2005) Transcranial direct current stimulation of the unaffected hemisphere in stroke patients. Neuroreport 16:1551–1555
Article 
    PubMed 
    
                    Google Scholar 
                

	Hummel F, Celnik P, Giraux P, Floel A, Wu WH, Gerloff C et al (2005) Effects of non-invasive cortical stimulation on skilled motor function in chronic stroke. Brain 128:490–499
Article 
    PubMed 
    
                    Google Scholar 
                

	Iyer M, Mattu U, Grafman J, Lomarev M, Sato S, Wassermann E (2005) Safety and cognitive effect of frontal DC brain polarization in healthy individuals. Neurology 64:872–875
CAS 
    PubMed 
    
                    Google Scholar 
                

	Jayaram G, Stinear JW (2009) The effects of transcranial stimulation on paretic lower limb motor excitability during walking. J Clin Neurophysiol 26:272–279
Article 
    PubMed 
    
                    Google Scholar 
                

	Jeffery DT, Norton JA, Roy FD, Gorassini MA (2007) Effects of transcranial direct current stimulation on the excitability of the leg motor cortex. Exp Brain Res 182:281–287
Article 
    PubMed 
    
                    Google Scholar 
                

	Jensen JL, Marstrand PC, Nielsen JB (2005) Motor skill training and strength training are associated with different plastic changes in the central nervous system. J App Phys 99:1558–1568
Article 
    
                    Google Scholar 
                

	Jørgensen HS, Nakayama H, Raaschou HO, Olsen TS (1995) Recovery of walking function in stroke patients: the Copenhagen stroke study. Arch Phys Med Rehab 76:27–32
Article 
    
                    Google Scholar 
                

	Kantak SS, Sullivan KJ, Fisher BE, Knowlton BJ, Winstein CJ (2010) Neural substrates of motor memory consolidation depend on practice structure. Nat Neurosci 13:923–925
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Madhavan S, Stinear JW (2010) Focal and bidirectional modulation of lower limb motor cortex using anodal transcranial direct current stimulation. Brain Stim 3:42–50
Article 
    
                    Google Scholar 
                

	Madhavan S, Rogers LM, Stinear JW (2010) A paradox: after stroke, the non-lesioned lower limb motor cortex may be maladaptive. Eur J Neurosci 32:1032–1039
Article 
    PubMed 
    
                    Google Scholar 
                

	Murase N, Duque J, Mazzocchio R, Cohen LG (2004) Influence of interhemispheric interactions on motor function in chronic stroke. Ann Neurol 55:400–409
Article 
    PubMed 
    
                    Google Scholar 
                

	Nitsche MA, Paulus W (2001) Sustained excitability elevations induced by transcranial DC motor cortex stimulation in humans. Neurology 57:1899–1901
CAS 
    PubMed 
    
                    Google Scholar 
                

	Nitsche MA, Doemkes S, Karaköse T, Antal A, Liebetanz D, Lang N et al (2007) Shaping the effects of transcranial direct current stimulation of the human motor cortex. J Neurophysiol 97:3109–3117
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Olney SJ, Richards CL (1996) Hemiplegic gait following stroke: Part I. Characteristics. Gait Posture 4:136–148
Article 
    
                    Google Scholar 
                

	Perez MA, Lungholt BK, Nyborg K, Nielsen JB (2004) Motor skill training induces changes in the excitability of the leg cortical area in healthy humans. Exp Brain Res 159:197–205
Article 
    PubMed 
    
                    Google Scholar 
                

	Reis J, Robertson E, Krakauer JW, Rothwell J, Marshall L, Gerloff C (2008) Consensus: “Can tDCS and TMS enhance motor learning and memory formation?”. Brain Stimul 1:363–369
Article 
    
                    Google Scholar 
                

	Reis J, Schambra HM, Cohen LG, Buch ER, Fritsch B, Zarahn E (2009) Noninvasive cortical stimulation enhances motor skill acquisition over multiple days through an effect on consolidation. Proc Natl Acad Sci USA 106:1590–1595
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rovner BW, Folstein MF (1987) Mini-mental state exam in clinical practice. Hosp. Pract (Off Ed) 22:103, 106, 110

                    Google Scholar 
                

	Stinear J, Hornby T (2005) Stimulation-induced changes in lower limb corticomotor excitability during treadmill walking in humans. J Physiol 567:701–711
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Tanaka S, Hanakawa T, Honda M, Watanabe K (2009) Enhancement of pinch force in the lower leg by anodal transcranial direct current stimulation. Exp Brain Res 96:459–465
Article 
    
                    Google Scholar 
                

	van Hedel HJ, Wirth B, Curt A (2010) Ankle motor skill is intact in spinal cord injury, unlike stroke: implications for rehabilitation. Neurology 74:1271–1278
Article 
    PubMed 
    
                    Google Scholar 
                

	Wheaton LA, Villagra F, Hanley DF, Macko RF, Forrester LW (2009) Reliability of TMS motor evoked potentials in quadriceps of subjects with chronic hemiparesis after stroke. J Neurol Sci 276:115–117
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
The study was funded by NIH grants K01HD056216 (JWS), R21HD059287 (JWS), and the Olson Family. SM was supported by a grant from the Department of Education, NIDRR H133F090009. We are grateful to Heidi Roth PT, MSPT for patient recruitment and screening.


Author information
Authors and Affiliations
	Department of Physical Therapy, University of Illinois, 1919 W Taylor St, Chicago, IL, 60612, USA
Sangeetha Madhavan

	Sensory Motor Performance Program, Rehabilitation Institute of Chicago, 345 E. Superior Street, Chicago, IL, 60611, USA
Kenneth A. Weber II & James W. Stinear

	Department of Physical Medicine and Rehabilitation, Northwestern University Feinberg School of Medicine, 303 East Chicago Avenue, Chicago, IL, 60611, USA
James W. Stinear


Authors	Sangeetha MadhavanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kenneth A. Weber IIView author publications
You can also search for this author in
                        PubMed Google Scholar



	James W. StinearView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Sangeetha Madhavan.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Madhavan, S., Weber, K.A. & Stinear, J.W. Non-invasive brain stimulation enhances fine motor control of the hemiparetic ankle: implications for rehabilitation.
                    Exp Brain Res 209, 9–17 (2011). https://doi.org/10.1007/s00221-010-2511-0
Download citation
	Received: 20 September 2010

	Accepted: 23 November 2010

	Published: 19 December 2010

	Issue Date: March 2011

	DOI: https://doi.org/10.1007/s00221-010-2511-0


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
	Stroke
	Ankle
	tDCS
	TMS
	Motor practice








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					107.20.76.243
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    