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In source reconstruction, solutions for both the forward and inverse problem are required, and the accuracy of the inverse solution depends also on the one of the forward solution.
When dealing with realistic head models, numerical methods have to be adopted for solving the forward problem [1]. Among others, the Discontinuous Galerkin — Finite Element
Method (DG - FEM) allows for the FulFilling of conservation laws, even on a discrete level [2]. In EEG studies it has already been remarked how this property prevents the occurrence of
unwanted effects, e.g. unphysical leakages of volume currents in regular hexahedral meshes with insufficient resolution [3]. Moreover it puts the basis for the application of the so
called Unfitted Discontinuous Galerkin FEM (UDG-FEM), an extended version of the DG-FEM that allows smooth tissue surface representations, whose advantages have been already
shown in EEG studies [4]. Our goal in this work is to investigate accuracy and leakage aspects of CG-FEM and DG-FEM for the MEG forward problem as the first important step towards
an UDG-FEM implementation for MEG.

Ma te ria ls a nd Methcds We developed, implemented and evaluated one CG-FEM and two new DG-FEM approaches,

a conservative and a non-conservative one, to solve the MEG forward problem.

MEG Forward Problem
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* The transfer matrix approach was used to speed up computations, see [6].
* All methods were implemented in du

where

@ r is the coil position

* du is @ module of DUNE specialized in

@ J IS the secondary electric current denSlty solving PDEs in Neuroscience (www.duneuro.org)
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In the DG framework, the property of conservation of charge
is fulfilled, therefore there are two formulations of the
secondary B-field:
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Figure2: Validation and convergence analysis for secondary B-field
computation of DG-FEM with conservative flux in a 4 mm (green), 2 mm (red)
and 1 mm (blue) hexahedral sphere model: visualized are the means RDM%
(left) and MAG% (right), For tangentially oriented sources at logarithmically-
scaled eccentricities.

Figure1: Accuracy comparison for secondary B-field computation between DG-

FEM with non-conservative flux (in red) and DG-FEM with the conservative flux

Ty " G . ry/ 3 (in green) in @ 4 mm hexahedral sphere model: visualized are the boxplots of
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eccentricity of 4 mm distance to the brain-CSF boundary.
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For the most relevant eccentricity of 0.9796 (i.e., 1.59 mm from Fig3a Fig3b Fig3c Fig3d

the CSE compartment), the highest resolved model (1 mm Figure3a-d: Accuracy comparison between CG- and DG-FEM for solving the MEG forward problem, i.e., the full B-field, for different mesh resolutions.
resolution) reaches mean RDM% and MAG% errors of 1.5% and Visualized are the means (3a-3b) and the boxplots (3¢-3d) of the RDM% (3a-3c) and MAG% (3b-3d), for tangentially oriented sources at logarithmically-
0.1%, respectively. scaled eccentricities. Dipoles not belonging to the brain compartment are excluded from the statistics. Dashed lines represent the eccentricities of 4 mm

(green), 2 mm (red) and 1 mm (blue) distances to the brain-CSF boundary. Note the different scaling of the y-axes.
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Figure6: Exemplary EEG and MEG forward computation for an auditory source computed
using DG-FEM in a realistically shaped head model. Hexahedral mesh with 2 mm

Figure5: Accuracy comparison for secondary B-field computation between CG-FEM (in
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: . - mm hexahedratl sphere models, 1.€., a sphefical head modet with and without skull leaky on the clipped volume conductor model in the sagittal plane where the auditory dipole
Figda-b: Illustration of current flow/leakage effect for CG-FEM (43) points. Visualized are the means of the RDM% (left) and MAG% (right), for tangentially (black COEE) lies (middle): MEG solution interpglatedpon the radial magnetgmeF;ers

and DG-FEM (4b). While for the CG-FEM an unphysical current flow
through a single vertex occurs, the DG-FEM only allows current fFlow
over faces, see [3].

oriented sources at logarithmically-scaled eccentricities.

including a volume rendering of the head model (right).

Conclusions and Outlook

* a conservative representation of the Flux increases the accuracy of DG-FEM results in MEG * in a combined EEG and MEG (EMEG) source reconstruction analysis is desirable to
* for the finest mesh resolution of 1 mm, sources with a distance of 1.59 mm from the brain-CSF employ the same Fforward model for both EEG and MEG data

surface, DG-FEM yielded mean RDM% of 1.5% and mean MAG% of 0.1% for the magnetic field * DG-FEM complements, and in some cases as the skull leakage scenarios, outperforms
* skull leakages do not play a role for the MEG modality CG-FEM in EEG or combined EMEG
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