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論文題名 

Title 

Neurofeedback modulation of insula activity via MEG-based brain-machine 

interface: a double-blind randomized controlled crossover trial 

（MEGを用いたブレイン・マシン・インターフェースによる島皮質活動のニューロフィー

ドバック調節：二重盲検ランダム化クロスオーバー試験） 

論文内容の要旨 

[Objective] 

This study aimed to assess whether insula cortical activity can be cognitively modulated through 

magnetoencephalography (MEG)-based neurofeedback training and to investigate the potential causal 

relationship with pain perception. 

 

[Methods] 

A double-blind randomized controlled crossover trial was conducted with 19 healthy participants. 

Subjects underwent MEG-based neurofeedback training designed to either upmodulate or downmodulate the 

root mean square (RMS) of estimated currents in the right insula cortex. Participants employed 

cognitive strategies to modulate real-time visual feedback of insula activity. Insula activity and 

pain thresholds were assessed before and after training.  

 

[Results] 

Insula activity during training significantly differed between upmodulation and downmodulation 

sessions (paired t-test, t = 2.168, p = 0.044). Post-training resting-state insula activity 

significantly decreased following downmodulation compared to baseline (paired t-test, t = 3.349, p = 

0.004) and showed greater decreases compared to upmodulation training (paired t-test, t = 2.191, p = 

0.042). Pain thresholds increased significantly following downmodulation training (paired t-test, t = 

-3.103, p = 0.006); however, no significant difference was observed between the two training types 

(paired t-test, t = -0.474, p = 0.641). No significant changes in spectral power within specific 

frequency bands were observed post-training. 

 

[Conclusion] 

We demonstrated that MEG-based neurofeedback can be used to modulate insula activity, with a potential 

impact on pain perception.Our approach using estimated cortical currents in the insular cortex offers 

a distinct perspective on how to modulate brain activity through neurofeedback. Future studies should 

investigate the long-term effects of repeated neurofeedback training on pain perception and evaluate 

the efficacy of this approach in clinical populations with chronic pain. 

 




