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Regulatory Science 

• Regulatory Science is 
the science of 
developing new tools, 
standards, and 
approaches to assess 
the safety, efficacy, 
quality, and performance 
of all FDA-regulated 
products. 

2 www.fda.gov/regulatoryscience 



[M. McMurry-Heath and M. A. Hamburg Sci Transl Med 2012] 



Who we are: 
• 30 regulatory scientists 
• 60 fellows, students, contractors 

Regulatory Science in the FDA Division of Biomedical Physics 
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Modeling non-invasive neurostimulation 
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Modeling electric field in the brain 
• “Macroscopic” modeling (Organ level)  

– External source (e.g., TMS, tDCS, tACS) 
– Anatomical precision   
– Electrical properties of brain & anisotropy  

 

• “Microscopic” level (Neuronal response)  
– What is the physiological response associated to a 

given electric field?   
 

• Model Validation 
• Regulatory Science: the “MIDA” model 
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Transcranial DC, then and now 
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Plate V in Aldini J., Essai théorique et 
expérimental sur le galvanisme. Paris: 
Fournier Fils, 1804.  Galvanism is being 
applied on the head of Luigi Lanzarini. 

Parent, Can. J. Neurol. Sci. 2004; 31: 576-584 

  

http://www.extremetech.com/extreme/121861-goflow-a-
diy-tdcs-brain-boosting-kit 

“DIY tDCS brain-boosting kit” 



Macroscopic modeling 
External 
source 
(TMS) 
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Brain GM Brain WM 
Electrical 
properties of 
brain (gray 
vs. white 
matter, 
anisotropy)  

 

Anatomical precision: 
where is the electric field?   
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Electric field and source configuration 

A. Datta et al.,  NeuroImage 65 (2013) 280–287 



10 Wagner et al., Annu. Rev. Biomed. Eng. 2007. 9:527–65 

Electric field and technology (e.g., TMS vs. tDCS) 



11 Parazzini et al., IEEE TransBiomEng 2011 

Computational modeling in support of clinical studies 

• Clinical and technological 
“pull & push”  

• Modeling can help to 
understand underlying 
mechanisms 
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From Macroscopic to Neuronal response 

C. Miniussi et al. / Neuroscience and 
Biobehavioral Reviews 37 (2013) 
1702–1712 

A. Opitz et al., NeuroImage 58 (2011) 849–859 
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Model validation 

A. Datta et al. J. Neural Eng. 10 (2013) 036018  A. Opitz et al. / NeuroImage 81 (2013) 253–264 
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Model validation 

Hee Lee, IEEE TBME 62 (9) (2015) 2095-2105,  2015 
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Modeling non-invasive neurostimulation: 
Regulatory Science Research in the  

Office of Science and Engineering Laboratories 



Model of human head and neck freely 
available for the scientific community 



FDA Staff:  
• Maria Iacono  
• Kelsey Bower 
• Esther Akinnagbe 
• Ethan Cohen 
• Wolfgang Kainz (PI) 
• Leonardo Angelone (PI) 

 

Collaborators: 
• IT’IS Foundation (Zurich)  
• Massachusetts General 

Hospital (Boston, MA)  
• University of Vienna 
• ETH Zurich (Switzerland)  

FDA Critical Path Initiative 
NIH- NIBIB (1R21EB016449-01A1),  
ORISE Research Participation Program 
CTI (14930.1 PFLS-LS) 



MIDA model – MRI and DTI 

18 Iacono et al., IEEE EMBS 2014 



Gray Matter and White Matter 
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Cerebellar 
GM 

Cerebellar WM 

Brain GM Brain WM 

Cerebellar 
GM 

Cerebellar 
WM 

Iacono et al., MIDA Model, PlosOne 2015 



Deep Brain 
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Basal Ganglia, Thalamus, & Limbic System 

MIDA model 

Iacono et al., MIDA Model, PlosOne 2015 



Bones and Vessels 
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Iacono et al., MIDA Model, PlosOne 2015 



22 

Case study – tACS 

• Surface based models 
• Inclusion of anisotropic properties 
• “Functionalized model” (Neuronal 

response) 

Neufeld et al., IEEE NER 2015 

Iacono et al., MIDA Model, PlosOne 2015 



Summary 
• “Macroscopic” modeling (Organ level)  

– External source (e.g., TMS, tDCS, tACS) 
– Anatomical precision   
– Electrical properties of brain & anisotropy  

 

• “Microscopic” level (Neuronal response)  
– What is the physiological response associated to a 

given electric field?   
 

• Model Validation 
• Regulatory Science: the “MIDA” model 
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MIDA Model: released to the public 

Apr 22, 2015 (publication date) through Nov 19, 2015: 

• PlosOne paper views: 3137 

• PlosOne paper downloads: 418 

• MIDA model downloads: 44 



Thank you! 
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