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Introduction:

Though unigue among individuals, a global homogeneity within human cortical folding allows us to compare specific
folds in a population. To study the development of cortical folds, which mainly occurs during the last trimester of
pregnancy, we can take benefit of in vivo data acquired with MRI in preterm newborns [1], and map the folding
process in a longitudinal way [2]. Within the sulcal pattern, the central sulcus stands out through its functional
relevance, as the frontier between the motor and somatosensory cortices. Capturing the main variability traits of the
developing central sulcus allows us to assess the way its typical features evolve before normal-term-birth.

Methods:

This study relies on T2-weighted MRI images acquired using a 3T MR system (Achieva, Philips Medical Systems, Best,
the Netherlands) from a cohort of 71 extremely preterm subjects (gestational age at birth : 26.5 + 2.1 weeks) [2, 3].
Every subject was scanned twice, once at 30 weeks of post-menstrual age (PMA : 30.7 £ 0.8 weeks), and again at
term-equivalent age (PMA : 41.1 £ 0.5 weeks). The central sulci were extracted using a dedicated BrainVisa toolbox
which allows to segment T2-weighted MRl images of infants in a semi-automatic way [2]. 3D models of the brains
were constructed, then normalised to the Talairach space [4]. Once extracted, the right sulci were flipped to match the
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orientation of the left ones. The shape similarity between a group of sulci was captured using a pairwise quadratic
distance matrix, computed after co-registration of each pair using the Iterative Closest Point algorithm [5]. The high-
dimensional space spanned by the sulci was then projected on 3 axes using Isomap-based manifold learning [6]. Local
average shapes were computed at regularly-spaced intervals [5] to visualise the classification along these axes (the
position of a given sulcus on the Isomap axes is characteristic of its shape). On the Isomap axes generated using both
acquisitions, we assessed the relationship between the positions of the 30 weeks sulci and the 40 weeks sulci with a
Pearson correlation (r). On the age-specific datasets, we investigated the distribution of left central sulci versus right
ones using Wilcoxon signed-rank tests.

Results:

For both 30 and 40 weeks sulci, the position on the age-specific Isomap and on the global Isomap were highly related
(r between 0.78 and 0.95). On the global Isomap, we measured high correlation coefficients between the positions of
the two groups on the three axes (dimension 1:r =0.73, dimension 2 : r = 0.58, dimension 3 : r = 0.69), suggesting that
most of the shape features are already observed at 30w of PMA for the central sulcus. In adults, a previous study [5]
shows a variability on the first axis ranging from a single knob to a double knob configuration, with an asymmetry in
sulcal repartition depending on the hemisphere and the manual lateralization. Here we observed a similar shape
variability in preterms: the third Isomap dimension showed an asymmetry as the left sulci tended towards a double
knob configuration, while the right sulci tended towards a single knob configuration (Wilcoxon test's p-value at 30w:
0.002 | at 40w: 0.016).

Classification of the sulci and their moving averages on the first dimension of the Isomap including all 30w and 40w
sulci (the moving averages capture the average shape of the sulci in a given portion of the Isomap). A) projection of
the sulci onto their position on the isomap's first dimension (blue : 30 weeks PMA, yellow : 40 weeks PMA).

B) Moving averages of the 30 weeks GA sulci on the Isomap. C) Moving averages of the 40 weeks GA sulci on the
Isomap.

first Isomap dimension with moving averages
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A, B) Isomap results (top) and moving averages (bottom) for the 3rd dimension of the 30 weeks (A)
and the 40 weeks (B) Isomap. Blue : left central sulci. Pink : right central sulci. The stars represent the
median of each subgroup

C) Comparative figure : Isomap results (top) and moving averages (bottom) for the 1st dimension in
adults [5].

On the Isomap moving averages, note the similarity between the 40w and the adult patterns, with
single and double knob configurations — which are mostly observed for right and left sulci respectively
on the sulcus projection—.

-third Isomap dimension with right/left differentiation

Conclusions:

This study revealed that the variance in the central sulcus shape is captured by the same features at 30w and 40w of
age. In the cohort studied, the 3 main variability traits of the developing sulcus are already encoded during the third
gestational trimester, and have a strong impact on the main sulcus features at term-equivalent age. Incidentally, the
most important shape variation in adult central sulci, which correlates with handedness, seems to be already encoded
in the preterm central sulci, but only as the third most important. This opens questions both about how and when this
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feature gains importance relatively to those encoded by the first two axes, and about the degree of pre-birth
handedness predetermination.
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