
 

 

 

Towards clinical applications in fMRI neurofeedback :
learning how to change brain states
Citation for published version (APA):

Zilverstand, A. (2014). Towards clinical applications in fMRI neurofeedback : learning how to change brain
states. [Doctoral Thesis, Maastricht University]. Maastricht University.
https://doi.org/10.26481/dis.20140702az

Document status and date:
Published: 01/01/2014

DOI:
10.26481/dis.20140702az

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.26481/dis.20140702az
https://doi.org/10.26481/dis.20140702az
https://cris.maastrichtuniversity.nl/en/publications/62d2f0cd-9b78-4162-95ce-7f08fdb568ef


Towards clinical applications of fMRI neurofeedback. 

Learning how to change brain states. 

 

The prevalence of mental disorders remains high at an estimated 18-36% worldwide, and even 

with a variety of treatment options available, a treatment gap still exists for many patient groups. 

A new treatment option currently under investigation is fMRI-based neurofeedback training, 

during which information reflecting neural processes in the brain related to the mental disorder is 

fed back to the participants in real time. Through neurofeedback training, patients are enabled to 

learn how to self-regulate, aiming at changing brain states to alleviate the associated symptoms. 

In the presented PhD thesis different aspects regarding the development of neurofeedback 

trainings within a clinical context were investigated. First, a review of previous approaches was 

performed. Second, a study on method improvement for neurofeedback trainings was conducted, 

evaluating the potential of using functional brain connectivity biomarkers as feedback information 

in future trainings. The results confirmed that functional brain connectivity measures provided 

unique information on relevant task aspects, and may therefore be a valuable tool for future 

clinical fMRI neurofeedback applications. Third, the representation of subjective anxiety in the 

brain as measured with fMRI was examined in order to improve the understanding of involved 

brain regions for developing a subsequent training for spider phobics. The results demonstrated 

that anxiety-provoking stimuli were processed hierarchically, and that the fMRI signal from brain 

regions at an intermediate processing level showed a linear relationship to the degree of 

subjective anxiety. The signal from these brain regions was therefore chosen as a brain indicator 

of anxiety level for the subsequent neurofeedback training. Fourth, a study on the potential of 

enhancing the efficacy of anxiety regulation through neurofeedback training was conducted with 

spider phobic participants for the first time. The results demonstrated that participants who 

received neurofeedback achieved a better down-regulation of anxiety during the training than 

participants who did not receive neurofeedback. It was therefore concluded that the provided 

neurofeedback enhanced the efficacy of anxiety regulation. Fifth, as a second clinical application, 

the effects of self-modulation of anterior cingulate cortex activation levels guided by fMRI 

neurofeedback were examined in a first exploratory study with adults diagnosed with attention-

deficit/hyperactivity disorder. Preliminary results showed that neurofeedback participants 

improved on measures of attentional control, and working memory, a conclusion regarding the 

specific effects of presenting neurofeedback during the training could not be made based on the 

collected data. Overall, the presented research showed that fMRI neurofeedback training is a 

promising future option for treatments in patient groups with a treatment gap, confirming previous 

research with other patient groups. We concluded that further research into method optimization, 

and clinical applications of fMRI-based neurofeedback trainings is warranted. 
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