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Synopsis 
We are using magnetic resonance imaging to screen mice for morphological phenotypes. To detect organ anomalies in images of randomly mutagenized mice, we need 
to quantify typical organ shape variations in a normal population, which in turn necessitates the identification of organ boundaries. Towards this goal, we demonstrate 
the use of deformable simplex-mesh models for segmenting mouse brains and kidneys from MR images. Algorithmic details and 3D segmentation results are presented. 

Introduction 
The mouse genome sequencing is bringing significant opportunities for understanding biology and medicine. However, the relation between genes and their expressions 
is unknown. Thousands of randomly mutagenized mice are produced yearly in an effort to identify mouse models of human diseases. Parallel efforts are conducted to 
characterize mutant mice via physiological, histopathological, and behavioral screens. MRI-based screening, on the other hand, provides visual information unavailable 
through other methods. However, since the resulting amount of image data is too tremendous to be effectively analyzed by a human operator, we are investigating the 
use of automated image analysis techniques. In particular we present our work on segmenting mouse anatomy using deformable simplex-mesh models. 

Methods 
We use deformable surface models for segmenting mice organs. The underlying geometry of the model is a 2-simplex mesh which is dual to triangulation. A k-simplex 
mesh is a union of k-cells (Figure 1). The mesh model is initialized in the 3D image near the target structure and iteratively deformed to latch to its surface boundary 
while progressively allowing more localized deformations. Two types of local forces are calculated and applied at each vertex (Vi) of the mesh: Internal forces (fint) 
derived from surface smoothness energy terms, and external forces (fext) along surface normals and 
proportional to the distance from a vertex to high gradient image voxels. Deformable simplex 
meshes apply Newtonian law of motion to update the positions of the mesh vertices [1]: 
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Global transformations are obtained through the application of global forces (fglobal) resulting in a 
deformation with lower degrees of freedom. A parameter λ sets the relative influence of global and 
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Prior to segmentation, the 3D image data is pre-processed by cropping the region of the target 
organ, applying anisotropic nonlinear diffusion filtering to reduce noise and enhance edges, and 
applying image intensity windowing. Image processing and segmentation were performed using 
YAV software (INRIA, France). 

Results 
We present segmentation results from 3D MR images of whole fixed mice obtained at 110-µm isotropic resolution, 256x256x1024 voxels (details of image acquisition 
can be found in [3]). Figure 2 illustrates the segmentation of mouse kidneys. The first and third rows in the figure show orthographic slices through the mouse body. 
The second and fourth rows show (from left to right) model initialization and 2D sections, as well as a 3D view of the final segmentation result. Figure 3 illustrates the 
segmentation of mouse brains. The first and fourth rows show orthographic slices through the mouse head. The second and fifth rows show (from left to right) the 
model initialization, model deformation, 
and final segmentation result. The third 
row shows consecutive 2D sections of the 
final segmentation result. The sixth row 
shows 2D sections of the segmentation 
progress. 

Conclusion 
We demonstrated the use of deformable 
simplex-meshes for segmenting mouse 
organs in 3D MR images. Future work 
includes utilizing image registration to 
automatically initialize the deformable 
model, identifying robust segmentation 
parameters that work on a large number 
of images, and modeling the statistical 
shape variation of segmented organs in a 
large normal population. 
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Figure 1. Simplex meshes. (a) Generic 2-simplex meshes. (b) 
(left to right) 0-, 1-, 2-, and 3-cells. (c) Duality to triangulation. 

 

 

  

 
Figure 2. Segmenting mouse kidneys (see text).  Figure 3. Segmenting mouse brains (see text). 
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