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ABSTRACT

Advancements in segmentation methodology has made automatic segmentation of brain structures using
structural images accurate and consistent. One method of automatic segmentation, which involves registering atlas
information from template space to subject space, requires a high quality atlas with accurate boundaries for
consistent segmentation. The Allen Mouse Brain Atlas, which has been widely accepted as a high quality
reference of the mouse brain, has been used in various segmentations and can provide accurate coordinates and
boundaries of mouse brain structures for tractography. Through probabilistic tractography, diffusion tensor images
can be used to map comprehensive neuronal network of white matter pathways of the brain. Comparisons
between neural networks of mouse and human brains showed that various clinical tests on mouse models were
able to simulate disease pathology of human brains, increasing the importance of clinical mouse brain studies.
However, differences between brain size of human and mouse brain has made it difficult to achieve the necessary
image quality for analysis and the conditions for sufficient image quality such as a long scan time makes using
live samples unrealistic. In order to secure a mouse brain image with a sufficient scan time, an Ex-vivo
experiment of a mouse brain was conducted for this study. Using FSL, a tool for analyzing tensor images, we
proposed a semi-automated segmentation and tractography analysis pipeline of the mouse brain and applied it to
various mouse models. Also, in order to determine the useful signal-to-noise ratio of the diffusion tensor image
acquired for the tractography analysis, images with various excitation numbers were compared.
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II. MATERIAL AND METHODS
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Fig. 1. C57BL/6J Ex-vivo Sample.
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Fig. 2. Data processing pipeline.
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Fig. 3. Segmentation viewed in coronal mouse brain slices.
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Fig. 4. Segmentation of the C57BL/6J mouse basal ganglia overlaid on top of T2 images.

Table 1. Mouse basal ganglia segmentation labels from Allen reference atlas

The Allen Reference Atlas

Region Structure Names Abbreviations Color Code
Cerebral nuclei CNU
Striatum STR
Striatum dorsal region STRd
Caudoputamen CP
Striatum ventral region STRv
Nucleus accumbens ACB
Fundus of striatum FS
Olfactory tubercle oT
Lateral septal comlex LSX
Lateral septal nucleus LS
Lateral septal nucleus, caudal (caudodorsal) part LSe
Lateral septal nucleus, rostral (rostroventral) part LSr
Lateral septal nucleus, ventral part LSv
Septofimbrial nucleus SF _
Septohippocampal nucleus SH
Striatum-like amygdalar nuclei SAMY
Anterior amvgdalar area AAA
Bed nucleus of the accessory olfactory tract BA
Central amvgdalar nucleus CEA
Central amygdalar nucleus, capsular part CEAc
Central amvgdalar nucleus, lateral part CEAL
Central amvgdalar nucleus, medial part CEAm
Intercalated amygdalar nucleus 1A
Medial amvegdalar nucleus MEA
Pallidum PAL
Pallidum,dorsal region PALd
Globus pallidus, external segment Gpe
Globus pallidus, internal segment Gpi
Pallidum, ventral region PALy
Substantia innominata S1
Magnocellular nueleus MA
Pallidum, medial region PALm
Medial septal complex MSsC
Medial septal nucleus MS
Diagonal band nucleus NDB
Triangular nucleus of septum TRS
Pallidum, caudal region PALc
Bed nuclei of the stria terminalis BST
Bed nucleus of the anterior commissure BAC
Substantia nigra, compact part SNe
Substantia nigra, reticular part SNr
Subthalamic nucleus STN
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Fig. 5. 3D volume rendering image of C57BL/6J mouse basal ganglia.
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Fig. 6. Connectivity matrices were estimated between 52 anatomic regions with varying on a log 10 scale color map.
The tractography seeds(top row) and targets (left column) are displayed as volume renderings.
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