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Introduction

Methods

Results

Cortical folding pattern is a main characteristic of geometry of the human brain which is composed of gyri (ridges) and sulci (valleys). Several hypotheses have suggested different mechanisms that attempt to explain the development of cortical folding (Van Essen et al., 1997 andRichman et al., 1975). In this work, we compare biomechanical simulations for several initial conditions by using an adaptive spherical parameterization approach (Lefèvre et al., 2015). Our approach allows to study and explore one of the most potential sources of reproducible cortical folding pattern: the specification of initial geometry of the brain. Step 2 & 3: Compute and smooth curvatures of 𝑺 𝒓𝒆𝒇 (𝒕) and 𝑺 𝒂,𝒃 (𝒕)

Discussion

Step 5: Resample the curvature of the spherical map of 𝑺 𝒓𝒆𝒇 (𝒕) on that of 𝑺 𝒂,𝒃 𝒕 .

Step 6: Measure the similarity between the curvature of the surface 𝑺 𝒓𝒆𝒇 (𝒕) and the resampled one of the surface 𝑺 𝒂,𝒃 (𝒕).

Step 

  Goal-> Study the impact of the initial geometry of the human fetal brain on surface morphology during the cortical development process. Pipeline of the proposed framework of comparing to brains surfaces. Colormap goes from blue (-) to red (+) Institut de Neurosciences de la Timone Aix-Marseille Université FRANCE How -> Using an adaptive spherical parameterization to compare several cortical surfaces of fetal brains generated by the biomechanical model based on the finite element model of differential cortical and subcortical growth introduced in (Tallinen et al., 2016). From left to right: three first non-trivial eigenfunctions. Each nodal sets are in green. (Lefèvre et al., 2015) Six first eigenfunctions for a smooth fetal brain (first row) initial geometry of the brain strongly influences cortical folding patterns, either in terms of shape, size, placement and orientation of cortical folds  Our framework enables to exploit both, realistic mechanical properties of the human brain and the global characteristics of the cortical surface via shape descriptors based on a spherical mapping.  Compare simulated cortical surfaces with real ones, and consequently to measuring efficiency of a biomechanical model in terms of generating folds at the right positions and having forms consistent with that of real ones.  Analyze the folds orientations changes using an estimation of the principal curvatures directions.  Van Essen, David C. "A tension-based theory of morphogenesis and compact wiring in the central nervous system." Nature 385.6614 (1997): 313.  Richman, David P., et al. "Mechanical model of brain convolutional development." Science 189.4196 (1975): 18-21.  Tallinen, Tuomas, et al. "On the growth and form of cortical convolutions." in shape, size, placement and orientation of cortical folds across simulations Poster Number: Th483 Step 1: 𝑩 𝒓𝒆𝒇 𝑴 𝒂,𝒃 𝑩 𝒂,𝒃 , with 𝑴 𝒂,𝒃 = 𝒂 𝟎 𝟎 𝟎 𝒃 𝟎 𝟎 𝟎 𝒄 (𝑩 𝒓𝒆𝒇 , 𝑩 𝒂,𝒃 ) Biomechanical Model (𝑺 𝒓𝒆𝒇 (𝒕), 𝑺 𝒂,𝒃 (𝒕))

  4: The spherical mapping is, then, defined by selecting the three best non-trivial eigenfunctions with only two nodal domains, from a set of six first eigenfunctions of the Laplace-Beltrami operator of 𝑺 𝒓𝒆𝒇 (𝒕) and 𝑺 𝒂,𝒃 (𝒕). 𝑺 𝒓𝒆𝒇 𝒕 , 𝑺 𝒂,𝒃 𝒕 → ℝ 𝟑 → 𝕊 𝟐 𝒑 → 𝚽 𝟏 𝒑 , 𝚽 𝟐 𝒑 , 𝚽 𝟑 (𝒑) → 𝚽 𝟏 𝒑 ,𝚽 𝟐 𝒑 ,𝚽 𝟑 (𝒑) 𝚽 𝟏 𝒑 𝟐 +𝚽 𝟐 𝒑 𝟐 +𝚽 𝟑 𝒑 𝟐  𝑴 𝒂,𝒃 is applied to 𝑩 𝒓𝒆𝒇 with 𝒂, 𝒃 ∈ 𝟎. 𝟗 ∶ 𝟎. 𝟎𝟐 ∶ 𝟏. 𝟏 .  Correlation coefficients are computed between 𝑺 𝒓𝒆𝒇 and 𝑺 𝒂,𝒃 at simulation steps 500, 9000 and 22000.  At step 500: strong correlations for almost all scale factors (𝒂, 𝒃). -> At the beginning of the biomechanical simulation, cortical surfaces are still smooth, which did not influence the similarity between 𝑺 𝒓𝒆𝒇 and 𝑺 𝒂,𝒃 .  At step 9000: correlation values vary between 0.45 and 1. -> Folds begin to appear and are different from a simulation to another.  Finally, at step 22000: correlation values fall except for values of (𝒂, 𝒃)