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Difficulties:

• Partial volume effect

• Tightly folded geometry

• Guaranteed spherical topology
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Existing Approaches for Cortical Surface Reconstruction
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FreeSurfer [1]
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Any segmentation method, 

e.g., nnUNet [2]

DeepCSR [3]
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Existing Approaches for Cortical Surface Reconstruction
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Voxel-based segmentation Implicit surfaces

>4h per scan Staircase artifacts Geometric errors
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Vox2Cortex Architecture
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Deform a brain template based on features extracted from the input image
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Loss Function
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Chamfer (point) 

+ normal loss

Surface 

regularity

: Predicted mesh & binary segmentation

: Ground-truth mesh & binary segmentation



Curvature-Weighted Chamfer Loss

14

Weight point loss locally to thwart regularizers in densely folded regions

Harsh regularization

Ground truth shape



Curvature-Weighted Chamfer Loss
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Weight point loss locally to thwart regularizers in densely folded regions

Regularization reweighted based 

on ground-truth curvature



Curvature-Weighted Chamfer Loss
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Blue: standard Chamfer

Green: curvature-weighted Chamfer

White: FreeSurfer [1]

Weight point loss locally to thwart regularizers where necessary

[1] B. Fischl. “FreeSurfer”. In: Neuroimage 62.2 (2012), pp. 774–781



Quantitative Results: Surface Accuracy
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[1]

ASSD: average symmetric surface distance 

HD: 90-percentile Hausdorff distance 

WM: white matter

[1] R. S. Cruz, L. Lebrat, P. Bourgeat, C. Fookes, J. Fripp, and O. Salvado. “DeepCSR: A 3D Deep Learning Approach for 

Cortical Surface Reconstruction”. In: 2021 IEEE Winter Conference on Applications of Computer Vision (WACV) (2021)

[2] F. Isensee, P. F. Jaeger, S. A. A. Kohl, J. Petersen, and K. Maier-Hein. “nnU-Net: a self-configuring method for deep 
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Quantitative Results: Inference Time

18

[1] B. Fischl. “FreeSurfer”. In: Neuroimage 62.2 (2012), pp. 774–781

[2] F. Isensee, P. F. Jaeger, S. A. A. Kohl, J. Petersen, and K. Maier-Hein. “nnU-Net: a self-configuring method for deep 

learning-based biomedical image segmentation.” In: Nature methods (2020)

*~42,000 instead of 168,000 vertices per surface
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Visit our project page

Vox2Cortex

https://ai-med.github.io/Vox2Cortex/
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