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Calculate forward problem solution for EEG and tDCS 

▶ build FEM head model(s), based on segmented MRI 

▶ consider stochastic variable for conductivity 𝜎 

 

 

shamo, Stochastic HeAd MOdelling 

Grignard et al., https://github.com/CyclotronResearchCentre/shamo 
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▶ Use getDP to solve the FEM problem, given conductivity values 𝜎 

▶ Build surrogate model to explore the N-D conductivity space. 

▶ Sensitivity analysis with Sobol indices based on scalar 𝑚 𝜎   

shamo, Stochastic HeAd MOdelling 

EEG forward solution, sensitivity 
of the whole leadfield  

𝑚 𝜎 = 𝐿 𝜎 − 𝐿ref 𝐹
 

 

tDCS current density, sensitivity in 
target region of interest 

𝑚 𝜎 = mean( 𝑗 2)ROI 

 

Grignard et al., https://dx.doi.org/10.1007/s12021-022-09574-7  
First order Sobol indices 
Total order Sobol indices 

https://dx.doi.org/10.1007/s12021-022-09574-7
https://dx.doi.org/10.1007/s12021-022-09574-7
https://dx.doi.org/10.1007/s12021-022-09574-7
https://dx.doi.org/10.1007/s12021-022-09574-7
https://dx.doi.org/10.1007/s12021-022-09574-7
https://dx.doi.org/10.1007/s12021-022-09574-7
https://dx.doi.org/10.1007/s12021-022-09574-7


Low response rate (~50%)   Potential causes? 

▶ Subject variability?  

- Function vs. anatomy 

▶ Target region actually stimulated? 

- How do we know ? 

▶ Head model? 
- subject‘s anatomy 

- electrodes positioning  

- tissue properties 

tDCS issues? 

Wiethof et al., https://doi.org/10.1016/j.brs.2014.02.003 

https://doi.org/10.1016/j.brs.2014.02.003
https://doi.org/10.1016/j.brs.2014.02.003


Calculate forward problem solution for tDCS 
▶ build FEM head model(s), based on  

- segmented MRI 

- electrode position 

▶ solve forward problem, based on  
- tissue properties, conductivity value or distribution 

- injected current 

 

 

 

 

tDCS models 

McCann et al., https://doi.org/10.1007/s10548-019-00710-2 
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Consider 
▶ 4 target regions → MC, dlPFC, vmPFC, IPS  

▶ 6 montages (4 bipolar + 2 unipolar), according  
to the 10-20 EEG system 

Simulated variability 

▶ 20 virtual subjects → different anatomy 

▶ electrodes (5x5 cm2 patches)  
→ centered + anode misplaced by 1cm in 4 directions  

▶ 5 tissues classes (WM, GM, CSF, skull, and soft tissues)  
→ 1 reference + 20 random conductivity profiles 

 6 x 5 x 20 x 21 = 12600 models! 
 

 

Models, many models… 

BrainWeb, https://brainweb.bic.mni.mcgill.ca/anatomic_normal_20.html   

https://brainweb.bic.mni.mcgill.ca/anatomic_normal_20.html
https://brainweb.bic.mni.mcgill.ca/anatomic_normal_20.html
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Inject 2 mA at anode, in all 12600 models: 

▶ whole brain current density 𝑗 (mA/m2) &  
electric field 𝑒 (mV/m) 

▶ per ROI, average absolute values |𝑒| 

 

Note: 

▶ Uniform [min max] vs. informed 𝐺(𝜇, 𝜎) conductivity values 

▶ tDCS effectivity  lower bound ~ 0.5mV/mm = 500mV/m 

 

Model output & summary variable 

Opitz et al., https://doi.org/10.1038/srep31236  

https://doi.org/10.1038/srep31236
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Conductivity distribution 



▶ Uniform [min max] (left) vs. 
informed 𝐺(𝜇, 𝜎) (right) conductivity values 

Results, 6 montages 
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▶ Effect of electrode positioning (ref. & 1cm displacement) 

Results, MC target only 

Uniform [min max] (left) vs. informed 𝐺(𝜇, 𝜎) (right) conductivity values 



▶ Effect of different subjects anatomy 

Results, MC target only 

Uniform [min max] (left) vs. informed 𝐺(𝜇, 𝜎) (right) conductivity values 



▶ Effect of conductivity profile variability  

Results, MC target only 

Uniform [min max] (left) vs. informed 𝐺(𝜇, 𝜎) (right) conductivity values 



▶ Sources of variance 

- Electrode positioning  → small (but big electrodes) 

- Subject’s anatomy  → relatively small (but ~uniform population) 

- Conductivity  →  BIG (but smaller if informed) 

▶ Conductivity vs. anatomy & electrodes 

▶ Large |𝑒| value amplitude range  
→ “sufficient to too small!” 

 

 

Discussion 



Individualised setup 

▶ measure (relative) tissue properties, e.g. with “magnetic 
resonance electric impedance tomography” (MREIT) 

 

▶ adjust current intensity 

 

▶ optimize electrode placement 

 

Future… 



▶ M. Grignard et al., ‘shamo: A tool for electromagnetic modelling, simulation and sensitivity analysis of the head’. 
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Code on https://github.com/CyclotronResearchCentre/shamo  

▶ M. Grignard et al., ‘Why tDCS models cannot be trusted yet? — A simulation study’. Pre-print. 2022. 
https://hdl.handle.net/2268/294662 Code on https://github.com/CyclotronResearchCentre/BrainWeb-tDCS  
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Thank you for your attention! 
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