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The Brain

Great ape species share same basic sulcal pattern
Differentiable sulcal patterns in great apes and humans:

— Lateral prefrontal cortex
— Dorsal lateral occipital cortex
(Connolly, 1950; Falk et al., 2018)

(Photo by: T. De ://VM

Common Chimpanzee

Human




« Great ape species share same basic sulcal pattern

« Differentiable sulcal patterns in great apes and humans:

— Lateral prefrontal cortex
— Dorsal lateral occipital cortex

(Falk et al., 2018)




StW 573/”Little foot” (Australopithecus prometheus), Sterkfontein caves (South Africa), + 3,67mya



Human brain evolution: a long way we've come

« Natural endocasts
Taung child

Sts 60 + TM 1511

http://web.stanford.edu/class/ihum42/Leakey_images.html



Human brain evolution: a long way we've come
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* Visual inspection of endocasts = high intra-observer error
* Notable historical debate: lunate sulcus

R.L.HOLLOWAY

GURCHE
Schematic drawing of stereoplotting apparatus used to locate coordinates of
the lunate sulcus on five chimpanzee brain casts — (Holloway, 1981)




Modern medical imaging modalities




Application of 3D imaging technigues to endocasts

 |Immense intervariability in human brains
— Major challenge during keyhole surgery (Ribas, 2010)

* Population-specific brain atlases (1oga and Thomson, 2001)

— Density-based approaches

— Label-based approaches
 i.e. Statistical/probabilistic anatomy maps (SPAM)

— Deformation-based approaches




Aim

« Establish an atlas documenting the variation in the
extant human endocranial sulcal pattern for use as a
comparative platform for studying the fossil record
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Materials and Methods - -
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« Over 90 extant human dry crania
« Pretoria Bone Collection (University of Pretoria; L' Abbé et
al., 2005)

« Nikon XTH 225 ST micro-focus X-ray tomography system

— MIXRAD facility (South African Nuclear Corporation (Necsa),
Pelindaba)
— Spatial resolution range: 94 to 123 um
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e Automatic segmentation

« Endocast Extraction project (ENDEX)
— 2009 - 2012

— Gilles Gesquiére! & Gérard Subsol?
» ! Laboratoire LIRIS — UMR5205
* 2 LIRMM/University Montpellier

— Open source
» Subsol et al., 2010
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Materials and Methods

 Rapid, robust detection of crest lines on mesh
(Subsol, 1995, 1998; Yoshizawa et al., 2008)

— Automatic sulci detection algorithm
« Sulci = variation points on surface of triangulated mesh
» Points detected via geometry-based method
» Crest lines computed on the surface

* Open source:
— http://mww.riken.jp/brict/Yoshizawa/Research/Crest.html
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Crest line
detection &
Sulci ID

Matlab

Atlas
(20 endocasts)

Rapid, robust detection of crest lines on mesh
Skeleton

— Automatic sulc
Sulci - varial
Points detecte
Crest lines co

* Open source:
—  http://mwww
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Materials and Methods
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Crest line Segmentation
eeeeeeeeee

Sulci ID * Endex

Atlas Probability

Matlab
» (20 endocasts) » map
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Cranium Micro-CT

Crest line Segmentation
detection &
Sulci ID : Bt

Atlas Probability
Matlab
. (20 endocasts) . map

(Connolly, 1950)
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« Matlab R2013a (Mathworks)

« Manual identification & cleaning of unwanted artefacts
— Refining identification process

@\ MathWorks:




4\ MathWorks

A f_\NTHROPOLOGIE MOLECULAIRE
UMR 5288 du CNRs IMAGERIE DE SYNTHESE

Show directions
Hide surface

Show Labels

Remove curve Reverse Curve

Remove segment Merge Curves

Add lines

NEW : Go back !

Delete curves (distance) Delete curves (select Select curves

Edit Label Show Label Table

Save curve




4\ MathWorks
A ANTHROPOLOGIE MOLECULAIRE o
(MR 5288 du Chits IMAGERIE DE SYNTHESE MATLAR

Show directions
Hide surface

Hide Labels

Remove curve

Merge Curves

Add lines

NEW : Go back !

Delete curves (distance) Delete curves (select

Edit Label Show Label Table




Atlas - Results

de Jager et al., 2019 Sulcal pattern variability in extant human endocasts (provisionally accepted)
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Atlas - Results

de Jager et al., 2019 (provisionally accepted)

Results (20 endocasts)
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Atlas - Results

de Jager et al., 2019 (provisionally accepted)
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Atlas - Results

de Jager et al., 2019 (provisionally accepted)
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Atlas - Results

de Jager et al., 2019 (provisionally accepted)
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Atlas - Results

de Jager et al., 2019 (provisionally accepted)

Results (20 endocasts)
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Probability - Method
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Probability - Method

« Deformed using method of Vialard et al. (2012)

— Deformation towards Karcher mean of all images of sample
(Karcher 1977)
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Probability - Method

« Each curve set (sulcus) projected onto the common template

— Using coordinates

— Using deformation values from average shape
« Gaussian filter was applied to smooth images

— Standard deviation = 5 voxels

»
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Secret Formula
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Probability - Results
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Conclusion

 Newly developed imaging techniques

— Beneficial in documenting the cortical variation in extant human
endocasts

— Used to study “Little Foot” endocast (Beaudet et al., 2019)

— May contribute towards an automated comparative atlas
» Study of endocasts in the hominin lineage
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