
 
  

 
 
 

Sujet de Stage  
Ingénieur 2A / Master 1 recherche 

Université de Strasbourg – Laboratoire ICube 
Durée : 3 mois 

Période : de mai 2015 à Septembre 2015 

 

Traitement des images IRM cérébrales de souris : 

Segmentation et standardisation vers différents atlas 

 
Equipes d’accueil : 

• Modèles, Images, Vision (MIV) : http://icube-miv.unistra.fr/ au sein du laboratoire 
ICube (site d’Illkirch) 

• Imagerie Multimodal Intégrative en Santé (IMIS) : http://icube-imis.unistra.fr/ au sein 
du laboratoire ICube (site de l’hôpital civil, Strasbourg) 

Encadrant de stage : 

• Vincent Noblet (MIV, ICube)  

Descriptif du sujet : 
Dans le cadre de l’acquisition d’une l’IRM 7T petit animal et d’une collaboration avec l’IGBMC (Institut 
de Génétique et de Biologie Moléculaire) et l’ICS (Institut Clinique de la Souris), l’objectif de ce stage 
est de mettre en place une suite d’outils d’analyse automatique d’images permettant d’effectuer de la 
morphométrie cérébrale chez la souris. 
 
Ce stage consistera à développer des outils d’analyse d’images pour conduire des études 
morphométriques sur des cohortes de souris. Cette partie bénéficiera des développements 
méthodologiques déjà réalisés au sein de l’équipe MIV dans le contexte de l’imagerie cérébrale chez 
l’homme, qu’il s’agira d’adapter au cas du petit animal. Ce travail translationnel de l’homme vers le 
petit animal concernera plus particulièrement les algorithmes de segmentation [1] (en vue d’extraire 
automatiquement le cerveau de l’image) et des outils de standardisation vers différents atlas [2] 
(notamment pour la présentation de résultats d’analyse de groupes). Les méthodes développées 
seront implantées en Python ou C++ et intégrées dans la plateforme logicielle Medipy (http://piiv.u-
strasbg.fr/traitement-images/medipy/) afin de créer une bibliothèque spécialement dédiée à l’imagerie 
du petit animal. 



	  

Figure	  1	  Standardisation	  vers	  différents	  atlas	  (d'après	  [2]) 

[1] F. Rousseau, P. Habas, C. Studholme. A supervised patch-based approach for human brain 
labeling. IEEE Transactions on Medical Imaging, pp. 1852-1862, Vol. 30, Num. 10, 2011. 

[2] M. Hawrylycz et al, Digital Atlasing and Standardization in the Mouse Brain, Plos Computational 
Biology, pp 1-6, Vol. 7, Num. 2, 2011 

Compétences requises : 

• Programmation Python et C++ 
• Connaissances en traitement des images 

Rémunération :  

Le stagiaire se verra verser une gratification conformément à la réglementation en vigueur. 

 

Envoi de candidature (CV+lettre de motivation) à Vincent Noblet (vincent.noble@unistra.fr). 

passing through the center of the anterior
and posterior commissures is topologically
comparable at most developmental stages,
except the youngest embryos.

Substantial new reference datasets were
generated to create a canonical registra-

tion target for WHS. To capture a default
overall brain geometry, magnetic reso-
nance imaging (MRI) at microscopic
resolution provides a consistent, undistort-
ed 3-D reference frame to which histology
and other data types can be mapped.

WHS was formed from a single specimen,
using three different MR microscopic
volumes and a Nissl volume (Figure 2).
While a total of over 55 3-D datasets were
scanned and are available for download at
http://www.civm.duhs.duke.edu/WHS/,
a single canonical set was chosen as
representative of the high-resolution pro-
tocol to provide the target volume for the
WHS coordinate system. For this set, MR
data were acquired at 9.4T in a specimen
perfused with formalin/Prohance [17] and
imaged with T1, T2, and T2* weighted
sequences at 21.5 mm3 resolution with the
brains in the skull. To provide a basic
structural reference framework, a label
volume was created that includes the
delineation of 37 structures that were
automatically labeled, then checked and
cleaned manually using the three different
MR image sets (Amira software v5.2.1,
Mercury Computer Systems, Inc.,
Chelmsford, MA) in all three coordinate
planes to ensure continuity and smooth-
ness of the structures. We are in the
process of working with the INCF Prog-
ram on Ontologies of Neural Structures
(PONS) group (http://www.incf.org/
core/programs/pons) to create new de-
lineations and a structure hierarchy that
may be useful for mapping across differ-
ent parcellation schemes and species.

To obtain a matched histological data
set, three of the previous brains were
frozen and cryosectioned using a low-
distortion tape collection protocol [30].
Each 20-mm section was collected and
Nissl stained, and following 3-D recon-
struction of the Nissl slices, the Nissl
volume was aligned to the T2* MR
volume. By registering the Nissl volume
to this space, we provide five different
potential registration entry points into
WHS: three MR sets with different
contrast, Nissl, and 3-D structures. As
other data become available (e.g., DTI,
vascular, etc.) they will be registered to
WHS, adding to the rich integrated
environment for data sharing. The
WHS datasets [31] are available in the
NIfTI-1 format at the INCF software
site (http://software.incf.org/software/
waxholm-space/home).

A reference dataset is only one compo-
nent of a complete digital atlasing frame-
work. An effective system should be able to
link data from multiple and remote
sources for upload, analysis, processing,
and sharing. The vision of the INCF
Digital Atlasing Infrastructure (INCF-
DAI) (Figure 3) is a collection of distrib-
uted services that support the publication,
discovery, and invocation of heteroge-
neous atlases and resources. At the center

Figure 1. Standardizing digital atlasing. The Waxholm Space (WHS) atlas acts as the hub of
an infrastructure connecting data and key reference spaces. Reference atlases that have been
mapped to this space are ‘‘standardized’’ and can be used to share their associated data and
services in a manner that is meaningful to external users. Clockwise from upper left, resources
may include neuroanatomic reference atlases, large-scale gene expression databases, develop-
mental databases, MRI and DTI imaging, histological data, analysis tools, online applications, and
other 3-D anatomic models.
doi:10.1371/journal.pcbi.1001065.g001

Figure 2. The Waxholm Space. Isotropic 21.5-mm3 resolution MR volumes were generated
along with a complete 21-mm Nissl series of the same brain. The WHS origin is defined by the
junction of the rostral and dorsal tangential planes of the anterior commissure with the mid-
sagittal plane. (a) Nissl histology, (b) T1 image, (c) T2*, this image is used to provide the Nissl-MRI
registration (d) fractional anisotropy image, essentially showing white matter. Several
cytoarchitectonic domains can be identified at this resolution, including individual cortical layers
within allocortex and isocortex, caudate putamen, and the hippocampal commisure. (e)
volumetric rendering of T2* image, (f) smoothed rendering of 37 manually delimited structures,
(g) 3-D rendering of WHS with gene expression correlation projection from hippocampus. Image
credits: (a–d) Center for In Vivo Microscopy, Box 3302, Duke University Medical Center, Durham,
North Carolina, United States of America; (e–g) Allen Institute for Brain Science, Seattle,
Washington, United States of America.
doi:10.1371/journal.pcbi.1001065.g002
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