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In recent years, there has been a growing interest in non-invasive brain neuromodulation for the treatment of brain 

disorders. Non-invasive stimulation techniques generate/induce an electric current in the brain via coils placed 

near the scalp or electrodes attached to the scalp. Recent studies have shown recovery of brain functions, 

improvement of cognitive processes, or treatment of major depression disorders [1],[2]. However, there is limited 

evaluation of the optimal electric current in the brain, and less is known about the relationship of electric current 

features (e.g., intensity, distribution, duration) and physiological responses in part due to lack of in vivo 

measurements of the electric currents distributions in the brain. Electromagnetic computational modelling has 

permitted estimating the generated electric currents as the physical agent of neuromodulation [3],[4].  For more 

accurate predictions, human head models accounting for anatomical features have been employed [5]–[7] that can 

be used to determine the electric field at the individual level. One disadvantage of individual-level computation 

in clinical practice is that it requires imaging data of the subject and accurate localization of the coil/electrode 

during treatment, which could be costly and time-consuming for some applications. Another approach that 

overcomes these limitations is identifying a priori the optimal stimulation of the target subject based on group-

level optimization in a group of subjects with similar characteristics [8]. 

 

In this study, electromagnetic dosimetry is used to investigate and optimized the electric currents to specific brain 

targets based on the two paradigms: individual-level and group-level. Both approaches are compared and 

discussed for targeting brain region related to different brain disorders. 

 

 

1. Lefaucheur, J.-P. et al.; Evidence-based guidelines on the therapeutic use of repetitive transcranial 

magnetic stimulation (rTMS). Clin. Neurophysiol., 2014, 125, 2150–2206. 

2. Chib, V. S.; Yun, K.; Takahashi, H. & Shimojo, S.; Noninvasive remote activation of the ventral 

midbrain by transcranial direct current stimulation of prefrontal cortex. Transl. Psychiatry, 2013, 3, 

e268--e268. 

3. Gomez-Tames, J.; Laakso, I. & Hirata, A.; Review on biophysical modelling and simulation studies for 

transcranial magnetic stimulation. Physics in Medicine and Biology 2020, vol. 65 24TR03. 

4. Priori, A.; Ciocca, M.; Parazzini, M.; Vergari, M. & Ferrucci, R.; Transcranial cerebellar direct current 

stimulation and transcutaneous spinal cord direct current stimulation as innovative tools for 

neuroscientists. J. Physiol., 2014, 592, 3345–3369. 

5. Huang, Y. & Parra, L. C.; Fully Automated Whole-Head Segmentation with Improved Smoothness and 

Continuity, with Theory Reviewed. PLoS One, 2015, 10, e0125477. 

6. Rashed, E. A.; Gomez-Tames, J. & Hirata, A.; Development of accurate human head models for 

personalized electromagnetic dosimetry using deep learning. Neuroimage, 2019, 202, 116132. 

7. Laakso, I.; Tanaka, S.; Koyama, S.; De Santis, V. & Hirata, A.; Inter-subject variability in electric fields 

of motor cortical tDCS. Brain Stimul., 2015, 8, 906–913. 

8. Gomez-Tames, J.; Asai, A. & Hirata, A.; Significant Group-Level Hotspots Found in Deep Brain 

Regions during tDCS: A Computational Analysis of Electric Field. Clin. Neurophysiol., 2020, 3, 755--

765. 

 


