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            Key Points

                	
                  Spontaneous blood oxygen level dependent (BOLD) fluctuations are not random noise, but are specifically correlated between functionally related brain regions and relate well to known anatomical systems.

                
	
                  Spontaneous BOLD fluctuations due to non-neuronal factors such as cardiac or respiratory activity can be isolated and are not responsible for the observed correlation patterns.

                
	
                  Spontaneous BOLD fluctuations are correlated with fluctuations in the power of high-frequency neuronal activity.

                
	
                  Spontaneous BOLD correlation patterns are largely consistent across different resting states, including sleep and anaesthesia, suggesting that they are an intrinsic property of the brain as opposed to being activity evoked by unconstrained mental activity.

                
	
                  Inter-subject variability in these correlation patterns relates to inter-subject variability in activation patterns and task performance.

                
	
                  Spontaneous BOLD fluctuations do not disappear during task paradigms but continue throughout, contributing to inter-trial variability in measured BOLD responses and behaviour.

                


              

Abstract
The majority of functional neuroscience studies have focused on the brain's response to a task or stimulus. However, the brain is very active even in the absence of explicit input or output. In this Article we review recent studies examining spontaneous fluctuations in the blood oxygen level dependent (BOLD) signal of functional magnetic resonance imaging as a potentially important and revealing manifestation of spontaneous neuronal activity. Although several challenges remain, these studies have provided insight into the intrinsic functional architecture of the brain, variability in behaviour and potential physiological correlates of neurological and psychiatric disease.
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                    Figure 1: Traditional fMRI analysis and BOLD noise.[image: ]


Figure 2: Generation of resting-state correlation maps.[image: ]


Figure 3: Intrinsically defined anticorrelated networks in the human brain.[image: ]


Figure 4: Coherent spontaneous fluctuations account for variability in event-related BOLD responses.[image: ]


Figure 5: Spontaneous BOLD activity in the anaesthetized macaque monkey.[image: ]
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Glossary
	Blood oxygen level dependent signal
	
                  (BOLD). Signal used by fMRI as a non-invasive but indirect measure of changes in neuronal activity.

                
	Noise
	
                  Modulation in a measured signal that is unrelated to the effect of interest. Noise is usually minimized through averaging, allowing the effect of interest to be emphasized.

                
	Water phantom
	
                  Glass sphere containing water that is used to study fMRI signal properties in a non-biological system.

                
	Linear regression
	
                  Computation of a scaling factor such that multiplication of a regressor time course by this scaling factor will remove the greatest amount of variance when subtracted from a signal of interest.

                
	Voxel
	
                  A volume element that is the smallest distinguishable, box-shaped part of a three-dimensional space.

                
	Power spectral density function
	
                  The distribution of power at each frequency in a time-varying signal, generally displayed with power on the y-axis and frequency along the x-axis.

                
	Electroencephalography
	
                  (EEG). A technique used to measure neural activity by monitoring electrical signals from the brain that reach the scalp. EEG has good temporal resolution but relatively poor spatial resolution.

                
	Magnetoencephalography
	
                  (MEG). A non-invasive technique that allows the detection of the changing magnetic fields that are associated with brain activity on a timescale of milliseconds.

                
	Local field potential
	
                  Electrical fields recorded from microelectrodes in the brain that are thought to reflect the weighted average of input signals on the dendrites and cell bodies of neurons in the vicinity of the electrode.

                
	Hypercapnia
	
                  Situation occurring when the amount of dissolved carbon dioxide in blood rises above its physiological mean of about 40 Torr.

                
	Callosal agenesis
	
                  A rare birth defect in which the corpus callosum fails to develop.

                
	Diffusion tensor imaging
	
                  (DTI). An MRI imaging technique that takes advantage of the restricted diffusion of water through myelinated nerve fibres in the brain to map the anatomical connectivity between brain areas.

                
	Mentation
	
                  Mental activities of which a subject is consciously aware.

                
	Mental imagery
	
                  The conscious recollection of an object or a scene in its absence.

                
	Near-infrared spectroscopy
	
                  A form of optical imaging in which arrays of lasers and detectors are used to measure changes in the absorption of near-infrared light caused by neural activation.

                



Rights and permissions
Reprints and permissions


About this article
Cite this article
Fox, M., Raichle, M. Spontaneous fluctuations in brain activity observed with functional magnetic resonance imaging.
                    Nat Rev Neurosci 8, 700â€“711 (2007). https://doi.org/10.1038/nrn2201
Download citation
	Issue Date: September 2007

	DOI: https://doi.org/10.1038/nrn2201


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Neuroimaging studies of cannabidiol and potential neurobiological mechanisms relevant for alcohol use disorders: a systematic review
                                    
                                

                            
                                
                                    	Tristan Hurzeler
	Joshua Watt
	Kirsten C. Morley


                                
                                Journal of Cannabis Research (2024)

                            
	
                            
                                
                                    
                                        Rapid fluctuations in functional connectivity of cortical networks encode spontaneous behavior
                                    
                                

                            
                                
                                    	Hadas Benisty
	Daniel Barson
	Michael J. Higley


                                
                                Nature Neuroscience (2024)

                            
	
                            
                                
                                    
                                        The effects of rTMS on motor recovery after stroke: a systematic review of fMRI studies
                                    
                                

                            
                                
                                    	Zhiqing Tang
	Tianhao Liu
	Hao Zhang


                                
                                Neurological Sciences (2024)

                            
	
                            
                                
                                    
                                        Functional connectivity abnormalities of brain networks in obsessiveâ€“compulsive disorder: a systematic review
                                    
                                

                            
                                
                                    	Silvia Fornaro
	Antonino Vallesi


                                
                                Current Psychology (2024)

                            
	
                            
                                
                                    
                                        Altered spontaneous regional brain activity in ventromedial prefrontal cortex and visual area of expert table tennis athletes
                                    
                                

                            
                                
                                    	Yapeng Qi
	Mengqi Zhao
	Yingying Wang


                                
                                Brain Imaging and Behavior (2024)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Neuroscience (Nat. Rev. Neurosci.)
                
                
    
    
        ISSN 1471-0048 (online)
    
    


                
    
    
        ISSN 1471-003X (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
