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Going Forward from Images:  
Geometrical Models

• Quantitative information about brain structures: 
Cortical area and thickness, size of subcortical 
structures, parcellation of the cortex according to 
folding 

• Effective visualization substrate for cortical 
activity 

• Mapping between subjects according to folding of 
cortex
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Geometrical Model of the Cortex

• Need a < 10 min MRI scan of the subject 
• Can be automatically generated 
• Topologically correct: homomorphic with a sphere 
• About 260 000 triangles / hemisphere 
• Inner and outer surfaces of the gray matter

!5

Dale, Fischl, Sereno  et al.
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Cortical Source Location Constraints
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Tessellation of the cortex:  
Source location and orientation 
information, creation of cortical 
patches

For MNE computations, the 
surface is decimated, resulting in 
6000 - 10000 source locations
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Inflated Cortex
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Dale, Fischl, Sereno  et al.

Topologically correct tessellation 
can be inflated
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Inflation to a Sphere and Registration
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Individual Aligned with average brain

Align sulcal patterns  

to the average brain

Mapped to the average brain

Morph

MEG activity estimate



Meshes for BEM Forward Solution
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Boundary-Element Forward Solution

• The head is assumed to consist of compartments 
with homogeneous, isotropic electrical 
conductivity 

• MEG: One compartment (brain) 
• EEG: Three compartments (scalp, skull, brain)
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MRI-based Conductor Geometry for Forward 
Models
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Scalp: 
straightforward

Inner skull: 
doable

Outer skull: 
painful

Facilitate segmentation with suitable MRI data: 
Acquire multi-echo flash data to reconstruct images 
with appropriate contrasts for segmentation

Coregistration
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Early MEG/MRI alignment
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172 Williamson et al. 

Figure 4. Sagittal MRI scans of a pointer held against the 
right periauricular point of a subject. (Left panel) Scan 

closest to the scalp, showing the ear, four spots depict ing 
the four spokes of the pointer, and red dots indicating the 
pixels closest to the center of each spot. (Right panel) 

Scan closest to the outer ends of the four spokes. These 
images were photographed from a Silicon Graphics 85GT 
computer monitor. 

Figure 3. A plexiglas pointer is held against the right 
periauricular landmark of a subject for an MRI scan. The 
arrangement of the supporting rod where it is held at the 
upper end to a plexiglas cube permits adjustments of 
position and angle. The cube has a piece of Velcro glued 
to its base so that it can be at tached to the subject's 
Velcro headband in any direction. The yellow spokes of 
the po in ter  can  be seen d i rec ted  inward to the 

periauricular landmark on the scalp. 
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Figure 5. Computer representation ofthree pointers show- 
ing the spokes directed toward cardinal landmarks (yel- 
low). The green axes define the cartesian coordinate 
system in which MRI pixels are specified. The blue axes 
define the PPN head-based system, which is defined with 
respect to the cardinal landmarks. 

established with an accuracy of better than 0.4 mm. In 
practice, the accuracy of determining each cardinal 
landmark is therefore limited by how accurately the 
pointer can be positioned on the skin for the MRI record- 
ing. 

This analysis establishes the positions of the three 
cardinal landmarks with respect to the MR coordinate 
system. Therefore, the location of each pixel of the MR 
image can be expressed in the same PPN system as the 
neuromagnetic measurements (figure 5). By this means, 
neuronal function can be related to anatomical structure. 

Spherical  Mode l  for the  Head  

To interpret the field pattern measured across the 
scalp, the actual shape of the head must be taken into 
account. The spherical model has provided a convenient 
simplification for modeling the pertinent region of the 
head when interpreting neuromagnetic data (Grynszpan 
and Geselowitz 1973; Cuffin and Cohen 1977). Hari and 
Ilmoniemi (1986) provide evidence through a model cal- 
culation that the sphere is best when fit to the region of 
the head overlying the source, where the volume currents 
are strongest. Because the curvature of the skull differs 
from one location to another, the spherical model will 
have a different size than the subject's head. This is 
illustrated in figure 6 for a fit to the region over the 
par ie to-occip i ta l  sulcus.  A c o m p u t e r  cursor  was  
employed to record the representative locations on the 
inner surface of the skull on appropriate MR slices, and 
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A coordinate system  
based on fiducial landmarks

Make landmarks visible in MRI  
and identify them from the images

Williamson  et al. 1991
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Are fiducial markers needed?
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Smooth head surface  
for forward modeling

Accurate head surface  
for picking the fiducials

Both reconstructions are automatically 
generated from the MRIs
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MEG/MRI Alignment in MNE

• Use the traditional method for approximate 
alignment 

• Iterative closest-point algorithm for iterative 
refinement
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Overall workflow
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