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Building automatically 3D landmark based morphometric at-
lases

Brain segmentation: [Ayache et al., 1996, Kapur et al., 1996, Worth et al., 1997].

General presentation of the problem: [Bookstein, 1991, Bookstein, 1994, Mazziotta et al., 1995,
Toga and Thompson, 1998, Mazziotta, 1997].

Line feature extraction

The crest lines

Mathematical —definitions of crest lines [Porteous, 1987, Koenderink, 1990, Hosaka, 1992,
Anoshkina et al., 1995, Monga and Benayoun, 1995, Thirion and Gourdon, 1995,
van den Elsen et al., 1995, Bruce et al., 1996, Eberly, 1996, Kent et al., 1996, Lang, 1997]. Re-
view of all the definitions [Belyaev et al., 1996, Subsol, 1998].

”Marching Lines” algorithm [Thirion and Gourdon, 1996].
Example of crest lines: engine, skull, brain, heart ventricle) [Subsol, 1995], skull mandible

[Andresen et al., 1998].

Anatomical validity

Definition of ”ridge lines” on the skull [Bookstein and Cutting, 1988, Cutting, 1991] and on the brain
[Dean et al., 1996].

Template of "ridge lines” extracted under the supervision of an anatomist: skull [Cutting et al., 1993,
Dean et al., 1995] and brain ventricles [Dean et al., 1996].



Points

Lines
(ordered list of points)

Surface
(continuous representation)

|| Liver

| [Boes et al., 1994]

Skull

[Cutting et al., 1993]

[Subsol, 1995, Subsol et al., 1998]

Brain  Cortical Surface

[Martin, 1995, Martin et al., 1998]

[Dean et al., 1996]

Sulci [Subsol, 1995, Subsol et al., 1996] [Thompson et al., 1996]
[Caunce and Taylor, 1998] [Manceaux-Demiau et al., 1998
[Royackkers et al., 1995] [Mangin et al., 1995b]
Ventricles [Hill et al., 1993] | [Subsol et al., 1996, Subsol et al., 1997] | [Martin, 1995, Martin et al., 1998]

Caudate Nucleus

[Hill et al., 1993]

Brain Stem

[Hill et al., 1993]

Thalamus [Martin, 1995, Martin et al., 1998]
Globus Pallidus
Hippocampus [Joshi et al., 1997, Joshi, 1998]
[Kelemen et al., 1998]
Putamen [Kelemen et al., 1998]

[Martin, 1995, Martin et al., 1998]

Table 1: Some references about morphometric anatomical atlases based on 3D geometric features.

e Comparison of crest lines and ridge lines on the skull [Subsol, 1995, Subsol et al., 1998] and on the
brain [Subsol, 1998].

e Anatomical justification of using high curvature features on the brain [Griffin, 1994, Joshi et al., 1995,
Davatzikos et al., 1996, Collins et al., 1996].

e Sulci atlas [Ono et al., 1990, Damasio, 1995].

2.3 How to improve the crest lines?

e Curvature thresholding [Subsol, 1995, Subsol et al., 1998].
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Multi-scale extraction of crest lines: a simple scheme [Subsol, 1995, Subsol, 1998] or a sophisticated
method [Fidrich, 1998].

Extraction of curves on the brain by dynamic programming [Khaneja et al., 1998].

Other types of line feature
Extremal mesh: [Thirion, 1996b).
Lines of curvature: [Vemuri and Malladi, 1993, Maekawa et al., 1996].
Geodesics [Bookstein and Cutting, 1988, Cutting et al., 1993].
Other lines defined by differential geometry: [Hosaka, 1992, Bruce et al., 1996].

Lines extracted by digital topology methods: anatomical justification on the skull of
the Medial Axis Transform [Bookstein and Cutting, 1988|, extraction on the brain based on
skeletonization [Mangin et al., 1995a, Royackkers et al., 1995, Ferndndez-Vidal and Malandain, 1996,
Manceaux-Demiau et al., 1997, Lohmann and von Cramon, 1998], extraction on the brain based on
Vorono tesselation [Székely et al., 1992, Néf et al., 1997].



e Links between differential geometry and digital topology methods [Belyaev et al., 1996,
Sherbrooke et al., 1996].

o Skeletal curves: [Verroust and Lazarus, 1997].

3 Feature registration

e Reviews about registration techniques: [Brown, 1992, Maintz and Viergever, 1998].

|| | Rigid | Non-rigid ||
Points [Besl and McKay, 1992] [Szeliski and Lavallée, 1996]
[Zhang, 1994]
Frames [Thirion, 1996a)
[Pennec and Thirion, 1997]
[ Patches | | [Feldmar and Ayache, 1996] |
Lines [Bastuscheck et al., 1986] [Luo and Evans, 1995]
[Schwartz and Sharir, 1987] | [Subsol, 1995, Subsol et al., 1998, Subsol, 1998]
[Mokhtarian, 1993] [Langlois et al., 1995]
[Kishon et al., 1991] [Caunce and Taylor, 1998]
[Guéziec and Ayache, 1994] [Andresen et al., 199§]
[Zhang, 1994] [Bakircioglu et al., 1998]
[Pajdla and Van Gool, 1995

Table 2: Some references about feature registration algorithms.

e About ICP algorithm and its generalizations: [Besl and McKay, 1992, Zhang, 1994,
Cuchet et al., 1996, Feldmar and Ayache, 1996].

e Connectivity-based constraints: [Geiger and Vlontzlos, 1993, Subsol, 1998, Caunce and Taylor, 1998].
e Warping:
— General references about warping: [Thompson and Toga, 1996, Toga, 1998].

— Kriging: [Stytz and Parrott, 1993].

— Link between kriging and thin-plate spline: [Kent and Mardia, 1994,
Nielsen and Andresen, 1998].

e Validation of the registration: rigid case [Ayache et al., 1993, Penec and Ph., 1997], by comparing
automatic methods [Thirion et al., 1996] or by comparing the results given by manual and model-
based segmentation [Gee et al., 1993, Haller et al., 1997, Subsol, 1998, Wang et al., 1998].

e Some algorithms to find the ”optimal” matching between two curves: [Serra and Berthod, 1994,
Cohen and Herlin, 1998, Younes, ].
4 Common feature identification

e [Subsol et al., 1998].

e Problem of topology of common lines: [Ono et al., 1990].



Problem-Based

Mathematic-Based

Physics-Based

Singularity-Based ||

Intra-Patient: Rigid
[Arun et al., 1987]
[Horn, 1987]
Talairach
[Talairach and Tournoux, 1988]
User-Defined
[Barr, 1984]
[Pentland and Williams, 1989)
Experimental Modes
[Hill et al., 1993]
[Martin, 1995]
[Kelemen et al., 1998]
Procrustes
[Rohlf and Slice, 1990]

Polynomial
[Goshtasby, 1988]
[Maguire et al., 1991]
[Greitz et al., 1991]
[Brown, 1992]
[Szeliski and Lavallée, 1996]
Spline
[Cinquin, 1987]
[Bookstein, 1989
[Declerck et al., 1995]
[Rohr et al., 1996]
Multiresolution Spline
[Szeliski and Lavallée, 1996]
Spline+Rigid
[Little et al., 1996]
Radial Basis Function
[Arad, 1995]

[Wirth et al., 1997]
Locally affine
[Feldmar and Ayache, 1994]

Linear Elasticity
[Christensen et al., 1994]
[Christensen et al., 1997]

[Gee and Bajcsy, 1998]
Non-Linear Elasticity
[Kyriacou et al., 1998]
Viscous Fluid
[Christensen et al., 1997
[Bro-Nielsen and Gramkow, 1996]
[Bro-Nielsen, 1996]
[Lester et al., 1998]

Homeomorphism
[Christensen et al., 1995]
[Christensen et al., 1997]

Diffeomorphism

[Joshi, 1998]
[Trouvé, 1998]

Table 3: Some references about types of deformation used in feature registration.

5 Feature average

e General papers or surveys about shape theory:

Rohlf, 1998, Bookstein, 1997b].

e Normalization:

Edge-based superimposition: [Goodall, 1991].
Procrustes-based superimposition: [Rohlf, 1990, Rohlf and Slice, 1990].
Robust superimposition: [Dryden, 1996, Rohlf and Slice, 1990, Dryden and Walker, 1998].

— Affine superimposition: [Rohlf and Slice, 1990].
— Comparison of all the methods: [Goodall, 1991].

e Anatomical validity of the normalization: [David and Laurin, 1989).

Procrustean mean: [Le, 1995a, Kent and Mardia, 1997].

Frchet mean: [Pennec, 1996, Pennec and Ayache, 1998, Pennec, 1998].

e Link between Frchet and Procrustean mean: [Le, 1995b, Le, 1998].

Shape average and bias: [Mardia and Dryden, 1994].

Iterative algorithm to compute the mean: [Le, 1995a.

Dean, 1993, Bookstein, 1997a, Subsol et al., 1998].

Resampling of points along curves: [Guéziec and Ayache, 1994].

[Kendall, 1989, Small, 1996, Bookstein, 1996,

Average of curves: in 2D [Rice and Silverman, 1991, Ramsay and Li, 1998], in 3D [Cutting et al., 1993,



6 Feature deformation analysis

e Example of ”old morphometrics”: [Abbot et al., 1990].

e New morphometrics: [Rohlf and Marcus, 1993].

Points

Lines

Surface

Predefined modes

[Barr, 1984]
[Pentland and Williams, 1989]
[Pentland, 1992]

Mathematical modes

Fourier

[Renaud et al., 1996]

[Székely et al., 1995]

Thin-Plate Splines

[Bookstein, 1989]

[Dean et al., 1996)

[Cutting et al., 1995]

Modal analysis

[Subsol et al., 1998]

[Nastar and Ayache, 1996]
[Pentland and Sclaroff, 1991]
[Sclaroff and Pentland, 1995]

[Syn and Prager, 1995]

FExperimental modes
PCA

[Cootes et al., 1995]

[Hill et al., 1993]
[Shen and Hogg, 1995]
[Martin, 1995]

Non-linear PCA

[Sozou et al., 1994]
[Sozou et al., 1995]

Table 4: Some references about modes decomposition.

e Comparison of different kinds of modes: [Martin, 1995, Neumann and Lorenz, 1997).

e Probability distribution for 2D curves: [Blake and Isard, 1998] (chapter 8) [Sun et al., 1996].

e Probability distribution for shape variation: [Cootes and Taylor, 1997].

o Comparisons of 3D curves: [Mardia et al., 1996].

e Multivariate statistics:
Thirion et al., 1998, Bookstein, 1998b].

[Anderson, 1958,

e Distance between lines: [Subsol, 1995, Younes, 1998].

o Statistics about rigid transformations: [Pennec, 1998].

7 Some applications

e Skull:

Crouzon’s disease: [Cutting et al., 1995].
Mandible hypoplasia: [Subsol, 1998].
Paleontology: study of the skull shape [Dean, 1993, Subsol, 1995].

Kanungo and Haralick, 1995,

— Study of the skull growth: [Subsol, 1995, Subsol et al., 1998, Andresen et al., 1998].
— Study of ethnicity and sex: [Dean et al., 1998].

— Facial reconstruction: [Quatrehomme et al., 1997].

e Brain:

Thompson et al., 1996,
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Alzheimer’s disease: [Martin, 1995, Martin et al., 1998, Thompson and Toga, 1997].

Schizophrenia: [Dean et al., 1996, Joshi et al., 1997, Joshi, 1998, Martin, 1995,
Martin et al., 1998, Kelemen et al., 1998].

— Normal-pressure hydrocephalus: [Martin, 1995, Martin et al., 1998].
Cerebral atrophy: [Subsol et al., 1996, Subsol et al., 1997].
Tumour: [Thompson and Toga, 1997].

Other applications : shape-based indexing [Zhang et al., 1998].

Conclusion

Building atlases that are based on average intensity: [Andreasen et al., 1994, Evans et al., 1994,
Collins and Evans, 1997, Guimond et al., 1998, Gee, 1998].

Combining average and variability of both intensity and geometry: [Bookstein, 1994,
Cootes et al., 1998, Guimond et al., 1998].

A new kind of landmarks, the singularities of deformation grids: [Lamberti et al., 1997,
Philippou and Strickland, 1997, Bookstein, 1998a].

Some other computerized atlases: [Greitz et al., 1991, Hohne et al., 1992, Nowinski et al., 1997].
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