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The anatomy atlas is the standard anatomical structure of the human body, and
atlas-based organ shape recovery is useful for the diseased datasets. We focus
on the statistical atlas and the contralateral model based on symmetry of
human body in the anatomy atlases. The statistical atlases include statistical
shape model (SSM), probabilistic atlas (PA), and multi-organ atlas. In this
study, the organ shape is recovered using these atlases from 3D medical
images.

Accuracy of shape approximation using statistical shape models (SSMs) is
essentially limited. To overcome the limit, multi-level SSM (ML-SSM) is
proposed. One problem of ML-SSM is, however, inconsistency among patches. In
this paper, we propose a new method to avoid intra-level ‘inconsistency in ML-
SSM. We assume that the patches overlap around boundaries at each intra-level.
To maintain the intra-level consistency, we introduce the following shape
stabilization terms. (1) The overlapping region between patches adhere each
other. (2) Each patch shape is not far from the shape estimated at the upper
level. In our experiments for the proximal femur and the liver, ML-SSM can
approximate the unknown shape more accurately by combining the stabilization
terms into the cost function.

An atlas-based automated liver segmentation method from three-dimensional
computed tomography (3D CT) images has been developed. The method utilizes two
types of atlases, a probabilistic atlas (PA) and ML-SSM. Voxel-based
segmentation with PA is first performed to obtain a liver region, then the
obtained region is used as the initial region for subsequent ML-SSM fitting to
3D CT images. On average, volumetric overlap of 89.2 + 1.4 % and average
distance of 1.36 £ 0.19 mm were obtained.

Hierarchical multi-organ statistical atlases are constructed with the aim of
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achieving fully automated segmentation of the liver and related organs from CT
images. Hierarchical PAs are constructed based on the hierarchical nature of
inter-organ relationships. Multi-organ SSMs (MO-SSMs) are combined with
single-organ ML-SSMs. A hierarchical segmentation procedure is formulated
using the constructed hierarchical atlases.

The procedures for repositioning calculations of fractured bone fragments
using 3D-CT, aimed at preoperative planning for computer-guided fracture
reduction of the proximal femur, are described. Fracture boundaries of the
bone fragments, as “ fracture lines ” and the mirror-transformed
contralateral femur shape extracted from 3D-CT were used for repositioning of
the fragments. We formulate repositioning methods based on registration of
bone fragments using contralateral femur shape and fracture lines. On average,
6.0 £ 0.8 degrees in rotation error and 89 = 3% in contact ratio were
obtained.

In this paper, we described the atlas-based organ shape recovery. The
proposed segmentation method using ML-SSM was shown to improve segmentation
accuracy for datasets including highly deformed livers. The method using MO-
SSM was shown that segmentation accuracy of the liver boundaries was: improved
by incorporating constraints on inter-organ relationships. In the fracture
reduct ion, using both mirror-transformed contralatera femur shape and fracture
lines, experimental results showed that good accuracy and stability were
attainable without providing precise initial values.
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