Lorraine Perronnet 
  
Anatole Lécuyer 
  
Marsel Mano 
  
Elise Bannier 
  
Fabien Lotte 
  
Maureen Clerc 
  
Christian Barillot 
  
EEG-fMRI neurofeedback of a motor imagery task

à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

10 right-handed NF-naïve healthy volunteers with no prior MI experience (mean age: 28 years +/-5.7 years, 2 females) were included in the study with approval from the Institutional Review Board.

At the beginning of the session, the subject performed a motor localizer task to identify two regions-of-interest (ROI) over his/her left and right primary motor cortex (M1) that would be used later for computing the fMRI feedback component. The subject then underwent 3 NF runs corresponding to 3 different feedback modality conditions :

• A: EEG-NF • B: fMRI-NF • C: EEG-fMRI-NF

pseudo-randomly ordered. Each NF run consisted of 20s blocks of rest alternating with 20s blocks of self-regulation with NF, repeated 10 times. During rest the screen displayed a white cross while during NF blocks the screen displayed a white ball moving in two dimensions (one for EEG, and one for fMRI) and a green square representing the NF goal. In unimodal feedback conditions, the ball was only moving in the corresponding dimension. During NF blocks, the subject was instructed to bring the ball closer to the green square by performing kinesthetic motor imagery of their right hand.

The ball abscissa depicted a BOLD laterality index (signal difference) between the left and right M1 ROI [3] and was updated every TR (2s). In a similar fashion, the ball ordinate depicted the laterality index between C1 and C2 in the µ band and was updated every 125 ms.

Methods

Questionnaire results

• All participants reported that they did not feel like they had to perform two tasks during the EEG-fMRI-NF condition. • 6 participants found that fMRI was easier to control than EEG ; 3 found that EEG was easier to control than fMRI; 1 found no difference. • 8 participants reported to have paid the same attention to both dimensions during the EEG-fMRI-NF condition, the 2 others reported that they looked more are the dimension that was harder for them to control (in one case EEG, in the other fMRI). • Subjects found that the fMRI update rate (0.5 Hz) was too slow.

Results

EEG-fMRI-NF triggered stronger fMRI activations than EEG-NF on a single session. We would expect to observe significant symmetrical results on EEG activations with more subjects and more NF training. Our study gives preliminary insights about how EEG and fMRI complement each other and thus about how to design a bimodal EEG-fMRI-NF training goal. In this perspective, the choice of the EEG and fMRI features and the choice of the feedback metaphor seems of higher importance.

Conclusion
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