







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Neuroscience]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature neuroscience

	review articles

	
                                    article


    
        
        
            
            
                
                    	Review Article
	Published: 08 January 2018



                    Studying and modifying brain function with non-invasive brain stimulation

                    	Rafael Polanía 
            ORCID: orcid.org/0000-0002-6176-68061, 
	Michael A. Nitsche2,3 & 
	Christian C. Ruff 
            ORCID: orcid.org/0000-0002-3964-23641 



                    

                    
                        
    Nature Neuroscience

                        volume 21, pages 174–187 (2018)Cite this article
                    

                    
        
            	
                        23k Accesses

                    
	
                        532 Citations

                    
	
                            94 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Cognitive neuroscience
	Experimental models of disease
	Neurological disorders
	Psychiatric disorders


    


                
    
    

    
    

                
            


        
            Abstract
In the past three decades, our understanding of brain–behavior relationships has been significantly shaped by research using non-invasive brain stimulation (NIBS) techniques. These methods allow non-invasive and safe modulation of neural processes in the healthy brain, enabling researchers to directly study how experimentally altered neural activity causally affects behavior. This unique property of NIBS methods has, on the one hand, led to groundbreaking findings on the brain basis of various aspects of behavior and has raised interest in possible clinical and practical applications of these methods. On the other hand, it has also triggered increasingly critical debates about the properties and possible limitations of these methods. In this review, we discuss these issues, clarify the challenges associated with the use of currently available NIBS techniques for basic research and practical applications, and provide recommendations for studies using NIBS techniques to establish brain–behavior relationships.
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                    Fig. 1: Overview of NIBS methods.[image: ]


Fig. 2: Examples of NIBS methods to study brain–function relationships.[image: ]


Fig. 3: Example factors determining the variability of neurophysiological and behavioral NIBS effects.[image: ]


Fig. 4: The conclusiveness of NIBS results on brain–behavior relations depends on the degree of methodological effort.[image: ]


Fig. 5: Example workflows of studies employing NIBS methods in a multimethods approach to establish brain–behavior relations.[image: ]


Fig. 6: Methodical considerations during different stages of NIBS experiments. [image: ]


Box Fig. 1: Spatial focality of NIBS methods estimated by electric field (EF) models.[image: ]
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