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3D automatic methods to segment “virtual” endocasts: 
state of the art and future directions 
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Manual methods



• CT-Scan of MLD37/38: slice thickness = 2 mm

• Draw manually the endocranial Region Of Interest slice by slice with a graphics pad

• Draw the missing frontal cortex by symmetry and assessing it with 3D reconstructions
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Computer-assisted methods (1)



• CT-Scan of Stw 505: voxel size  0.39 x 0.39 x 1 mm

• Use a 3D image processing software (Analyze)



Computer-assisted methods (2)



• Voxel size ~ 0.4 mm  0.4 mm   1.0 mm

• Use the free software ITK-Snap (3D-level set) http://www.itksnap.org

• Requires a lot of manual interaction to place seed balloons and tune parameters

• Requires to manually "cut" the surface which went through holes (in particular at the level 
of the foramen)   introduce errors and user-dependency

• May fail to process very large images



1. Differentiating matrix and bone

• Very specific to the fossil. 

• General problem which concerns all the skull structure

• No general solution

2. Dealing with the holes (anatomical holes as well as cracks or small missing parts)

• To minimize the user interaction

3. Dealing with large images (e.g. acquired by µ-CT)

• To process future images

Requirements for endocast segmentation



• Based on the deformable (or active) surface paradigm introduced in image processing.

• Used in particular to segment the brain surface in MRI images (Freesurfer).

• Already demonstrated to segment virtual endocast in J. Montagnat "Modèles déformables 
pour la segmentation et la modélisation d'images médicales 3D et 4D" PhD Thesis Nice-
Sophia Antipolis University, France (1999).

An automated method



• The data are represented by a set of 3D points

Principle of the method
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Pan paniscus
• A. Balzeau, E. Gilissen et al. "Internal cranial anatomy of the type specimen of Pan 
paniscusand available data for study". Journal of Human Evolution 56, 205–208 (2009)

• Data: 857,720 points

• Downloaded from http://www.metafro.be/primates/panpaniscustype



• Manual localization of the initial deformable surface (a small sphere) in the middle of 
the endocranial cavity

• No user interaction

• Manage automatically the "holes" (foramen, optic nerves…)

Pan paniscus



Pan paniscus

A. Balzeau, E. Gilissen et al. "Internal 
cranial anatomy of the type specimen of 
Pan paniscusand available data for study". 
Journal of Human Evolution 56, 205–208 
(2009) (418 cm3)

Our segmentation (410 cm3)



Pan troglodytes
• CT-Scan of a skull: 209 slices of 512  512 pixels

• Resolution: 0.461  0.461  0.600mm



Pan troglodytes
• Automatic extraction of the bony surface by thresholding

• Data: 749,560 points



• Manual localization of the initial deformable surface

• No user interaction

• 398,942 vertices / 797,880 faces

Pan troglodytes



Australopithecus africanus STS5
• CT-Scan of the fossil: 998 slices of 512  512 pixels

• Resolution: 0.348  0.348  0.200 mm



• Automatic extraction of the bony surface by thresholding

• Data: 635,096 points

Australopithecus africanus STS5



• Manual localization of the initial deformable surface

• No user interaction

• 401,960 vertices / 803,916 faces

Australopithecus africanus STS5



R. Holloway et al. "The Human Fossil
Record". Vol. III. Wiley (2004) (485 cm3) Our segmentation (476 cm3)

Australopithecus africanus STS5



D. Falk et al. "The Brain of LB1, Homo
floresiensis". Science, 308, 242 (2005) –
Supporting Online Material (473 cm3). Our segmentation (476 cm3)

Australopithecus africanus STS5



A computer-assisted segmentation by
J. Braga (468 cm3) Our segmentation (476 cm3) STS5



In-vivo data
• CT-Scan of the head of a child affected by a plagiocephaly (asymmetrical distortion of the 
skull): 153 slices of 512  512 pixels

• Resolution: 0.488  0.488  1.250 mm



• Manual localization of the initial deformable surface

• No user interaction

• Manage automatically the fontanels

• 364,721 vertices / 729,438 faces

• Could be useful to compare the dissymmetry of the 
endocranium and of the skull base

In-vivo data



Today

• Encouraging preliminary results on dry samples, fossils and in-vivo data

• To be assessed w.r.t. to real (photographs, real casts) and virtual (virtual endocasts) data by 
computing quantitative parameters (not only volumes but also lengths, landmark positions, etc.)

• To be tested on large databases (e.g. primates, in-vivo CT) and other fossils: STS71, SK48…

Short term

• To accelerate the process by at least 10 to 100

• To improve the automatic refinement of the mesh around the complex shaped parts

• To develop the graphical interface in order to be used by non-specialists

 make a first version of the software available to the research community (paleo-
anthropology, in medicine, in computer science) next year.

Mid-term

• To label parts of the deformable surface 
 automatic decomposition into lobes or functional areas

• To insert the surface directly into the CT image and use density profiles instead of points 
 matrix/bone differentiating

Conclusion
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