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Abstract— This paper is a summary of the purpose and recent
progress of our research work, which is a part of the research
project “Computational anatomy for computer-aided diagnosis
and therapy: Frontiers of medical image sciences”funded by a
Grant-in-Aid for Scientific Research on Innovative Areas, which
is awarded by the MEXT, Japan. Our research in this project is
mainly aimed at model constructions and their applications to
the recognition and analysis of anatomical structures using X-ray
CT images, MR images, and functional images (PET). Our work
focuses on modeling the universal organ localization approach,
developing a shape model for abdominal muscle segmentation in
CT images, analyzing normal distributions of the standardized
uptake values (SUV) of 2-deoxy-2-fluoro-d-glucose (FDG) in
different organs, investigating the normal distributions of bone
mineral density (BMD) values on different vertebrae for
different ages and genders, and analyzing the stiffness of liver
tissue. These models can be expected to facilitate fast detection
and segmentation of the target region, as required by doctors,
and also to evaluate the normal distributions of some interesting
features of the target region to support the diagnosis. The
preliminary experimental results, based on a large image
database, have demonstrated the potential of the constructed
models.

I. BACKGROUND

Morden imaging scanners such as volumetric CT, MRI, PET-
CT instruments are widely used in clinical medicine. The high
performance of such imaging devices can provide a huge
amount of information about the human body to support
diagnosis [1], not only showing the geometry and motion of
anatomical structures, but also demonstrating functional
processes such as blood flow and carbohydrate metabolism.
These types of information are stored separately in different
sorts of medical images, and need to be adequately arranged
for diagnostic support in clinical medicine [2].

Anatomical structures constructed from the locations
and ranges of different inner organs and tissues are basic parts,
and should be first recognized during medical image
interpretation. Automated organ segmentation is still a
challenging and necessary task in the research field of medical
image analysis. Although many segmentation algorithms have
been presented for segmenting a target organ such as the liver
or heart in CT images, most of them are based on an ad hoc
approach that can only extract a specific organ and cannot
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always maintain high accuracy and robustness, especially for
abnormal patient cases. Therefore, universal solutions that can
be applied to different organ segmentation problems and
adapted to different kinds of medical images are expected to
be developed.

The features such as volume, smoothness of the surface,
stiffness of target organs are required by the doctors for aiding
the image diagnosis. The measurement and analysis of these
kinds of features from medical images are important functions
required of computer-aided diagnosis (CAD) systems. The
main issues of this research field are how to measure the
features accurately from the medical images, model them on
the basis of a normal human body, and detect abnormalities by
comparing with the normal model.

In our previous studies [3]-[14], we developed a system
for the automatic recognition of anatomical structures in torso
CT images and tried to construct a normal human body model
for the detection of abnormalities in CT images. This system
has been tested with a limited number of CT cases and used
for CT image analysis in emergency medical care.

Although the possibility and potential usefulness were
confirmed by the preliminary experiments, the robustness and
accuracy of this system were not high enough; for example,
the anatomical structures in about 30% of CT cases could not
be recognized successfully in our experiment based on 334
CT cases. In particular, the proposed segmentation algorithm
often failed to recognize the CT cases that have large
distortions in anatomical structures.

II. PURPOSE AND CONCRETE PLAN

Our study focuses on a new methodology for anatomical
model construction, which is a fundamental part of the whole
research project. We will also join in discussions with the
other research groups for the definition and application of the
model. The primary purpose of our anatomical model is to
accomplish the reliable recognition of anatomical structures
and accurate organ segmentation in torso X-ray CT images.
On the basis of the recognized anatomical structures, we plan
to model the normal human body on CT, PET and MR images,
and to use these models for the detection of cancer and other
lesions in multiple organs. The basic consideration in our
model construction is the integration of human anatomy,
medical image processing, and machine-learning techniques
together.

III. RECENT ACHIEVEMENTS

In our latest project [15], we focused mainly on the five
subjects detailed below as shown in Fig. 1. (1) We proposed a
universal approach for the development of an organ
localization scheme based on machine-learning techniques.
This approach can generate a fast scheme that can be used to
detect automatically the 3D bounding box of an inner organ of
interest in CT images. (2) We constructed a model to
demonstrate the normal standardized uptake values (SUV) in
different parts of the human body on PET images under the

anatomical structures. We plan to apply these models to
cancer detection in multi-organ regions on the basis of PET
images. (3) A new technique is proposed to measure stiffness
from MR images by analyzing the movements of anatomical
structures during the breathing cycle. This technique is
adopted to carry out the image diagnosis of liver cirrhosis. (4)
We carried out an investigation on the BMD values in each of
the vertebrae by using a large database containing more than
1000 CT cases for different ages and genders. The results
demonstrated the individual variation in the normal human
body. These results will support further discussions on the
potential for the prognosis of osteoporosis based on CT
images. (5) A shape-model-based approach was developed to
recognize and extract abdominal muscle wall structures. This
approach can be used to measure the volume of the psoas
major muscles from CT images. Because the psoas major
muscles naturally support lumbar vertebrae, their strength is
expected to provide an indirect prediction of osteoporosis.
This approach also facilitates the investigation of the relation
between major muscles and lumbar vertebrae through CT
image analysis.

The current progress of each part is reported in following
sections.

A. Automatic localization of solid organs on 3D CT images
by a collaborative majority voting decision based on
ensemble learning [16,17]

Organ segmentation is an essential step in the development of
computer-aided diagnosis/surgery systems based on CT
images. A universal segmentation approach/scheme that can
be used to carry out the segmentation of different organs can
substantially increase the efficiency and robustness of such
computer-aided systems. However, this is a very challenging
problem. An initial determination of the approximate position
and range of a target organ in CT images is a prerequisite for
precise organ segmentation. In this study, we propose a
universal approach that enables the automatic localization of
the approximate position and range of different solid organs in
the torso region on three-dimensional (3D) CT scans.

Model constructions

Organ localization and segmentation
(Section III A and B)

Appearance of normal organs
(Section III C,D and E)

for

Diagnostic information

Supporting

Providing

Model constructions

Organ localization and segmentation
(Section III A and B)

Appearance of normal organs
(Section III C,D and E)

for

Diagnostic information

Supporting

Providing

Fig. 1. Overview of the model constructions.
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The location of a target organ in a 3D CT scan is presented
as a 3D rectangle that bounds the organ region tightly and
accurately. Our goal was to automatically and effectively
detect such a target-organ-specific 3D rectangle. In our
proposed approach, multiple 2D detectors are trained using
ensemble learning and their outputs are combined using
collaborative majority voting in 3D to accomplish reliable
organ localization. We compared the performance of our
approach with an atlas-based approach and investigated the
usefulness of the localization results by applying them to
facilitate kidney segmentation in non-contrast CT images.

We applied this approach to the localization of the heart,
liver, spleen, left kidney, and right kidney regions
independently using a CT image database comprising 660
torso CT scans. In the experiment, we manually labeled the
abovementioned target organs from 101 3D CT scans as
training samples, and used our proposed approach to localize
the five target organs separately on the remaining 559 torso
CT scans. The localization results of each organ were
evaluated quantitatively by comparing with the corresponding
true locations obtained from the target organs (labeled
manually by human operators). The experimental results for
the 559 test CT scans showed the success rates of these organ
localizations to be distributed from 99% to 87%. The errors of
the detected organ-center positions (except for the liver) in the
successful CT cases were distributed within 15 voxels, which
was considerably smaller than the errors from the atlas-based
approach (within about 50 voxels). The potential usefulness of
the proposed organ localization was shown in a preliminary
investigation of left kidney segmentation in non-contrast CT
images.

B. Automated recognition of abdominal muscle region using
a shape model in X-ray CT images [13,14,18,19]

The psoas major muscle is a deep muscle located in the inner
region, and plays a major role in walking. It is particularly
important to analyze this muscle because of the age-related
hypokinesia that is associated with changes in this muscle
region. Our aim is to provide an automatic tool to radiologists
and orthopedic surgeons that can assist them in improving the
quality of life of an aging population.

We proposed a method for generating a shape model for
the psoas major muscle. We also proposed a fully automated
scheme for segmenting the psoas major muscle in torso X-ray
CT images using the shape model.

The shape model describes the muscle outer shape and
has two parameters: an outer shape parameter and a fitting
parameter. The outer shape parameter is determined by
approximating the outer shape of the psoas major muscle
region in the training stage. In the recognition process, the
fitting parameter, that is, the residual parameter of the shape
model is first determined to be suitable for a test case. Next,
the initial mask region, which is generated from this shape
model, is used as the initial region of the muscle. Finally, the
psoas major muscle is recognized using the initial mask.

To evaluate the method's performance, we applied it to
CT images for the construction of the shape models, using 20
cases as training samples and 80 cases for testing. The

accuracy of this method was quantitatively evaluated by
comparing the extracted muscle regions with regions
identified manually by an expert radiologist. The experimental
results of the segmentation of the psoas major muscle showed
a mean Jaccard similarity coefficient (JSC) of 72.3%.

We confirmed that the proposed method can be used for
the analysis of cross-sectional area (CSA) and muscular
thickness in a transverse section, and thus offers radiologists
an alternative to manual measurement, which could save time
and improve the reproducibility of segmentation.

C. Automated analysis of standard uptake value for torso
FDG-PET images [12,20,21,22]

The purpose of this study was to develop an automated
method for the calculation of the z-score of SUV for the torso
region on FDG-PET scans. The 3D distributions for the mean
and standard deviation (SD) values of SUV were stored in
each volume to score the SUV in the corresponding pixel
position within unknown scans. The modeling method is
based on the statistical parametric mapping (SPM) approach
using the Euler characteristic and resel (resolution element)
correction techniques. We employed 193 normal cases to
assemble the normal metabolism distribution of FDG. The
physique were registered each other in a rectangular
parallelepiped shape using an affine transformation and the
thin-plate-spline (TPS) technique. The regions of the three
organs were determined using a semi-automated procedure.
Seventy-three abnormal spots were used to estimate the
effectiveness of the scoring methods. As a result, the z-score
images correctly indicated that the z-scores for normal cases
were between 0 and ±2 SD. Most of the z-scores of abnormal
spots associated with cancer were larger than the upper of the
SUV interval of normal organs.

D. Computer-based vertebral body geometry analysis [23-27]
It has been estimated that osteoporosis affects more than 200
million individuals worldwide, and therefore, it is an
important public health problem. Bone quality is used to
determine the risk of osteoporotic vertebral fractures as well
as bone mineral density (BMD). In order to gain a better
understanding of bone quality, considerable attention has been
paid to vertebral geometry in anatomy. The objective of this
study was to design a computer-assisted scheme for the
quantification of vertebral body geometry on thin-section CT
body scans, and to carry out a population-based analysis of
this geometry.

The process flow of vertebral body geometry analysis
involves the following steps: (i) the localization of individual
vertebral bodies using a template-matching technique, (ii) the
quantification of the vertebral body geometry, and (iii) the
analysis of the correlation between vertebral body dimensions
such as trabecular volumetric bone mineral density (vBMD),
width, depth, and cross-sectional area (CSA). Simple contour
structures built using only three sections (axial, coronal, and
sagittal) were used as the reference patterns in the template-
matching process.

In the experiment, the quantitative results from our
scheme in most CT cases were regarded to be appropriate
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according to the subjective assessment of an anatomy expert.
Therefore, our scheme was adopted to analyze the vertebral
body geometry of first lumbar vertebra by using a database of
CT scans of 475 Japanese subjects. The findings of this study
indicated that the vertebral body geometry (width, depth, and
CSA) was inversely correlated with trabecular vBMD. This
may be explained by the compensatory periosteal growth of
vertebrae with lower BMD and hence lower bone strength.

E. Construction of an elastic liver model for quantitative
assessment of cirrhosis [8,28,29,30]

An elastic liver model is constructed for the automatic
assessment of the stiffness of the liver by calculating the non-
rigid deformation on MR tagging images, which show the
movements of the human body during the breathing cycle by
attaching tags on different organ and tissue regions. Our
research work analyzed the deformation patterns of the tags
inside the liver region and calculated the stiffness of the liver
tissue from the MR images.

Our method was based on the fact that the stiffness of the
liver region should be related to the distortion of the tags on
MR images. We developed two major processing procedures
to analyze the tag distortions: (i) quantification of the non-
rigid deformation of the liver region by calculating the
bending energy of TPS in a spatial domain, and (ii)
calculation of the blur ratio of tags based on the differentiation
of the power spectral values by using Fast Fourier Transform
(FFT) in the frequency domain. In the final stage, the results
of these two procedures were combined to estimate the liver
stiffness.

The proposed method was applied to a total of 34 cases
consisting of 17 normal and 17 abnormal (chronic hepatitis,
cirrhosis) livers. The normal and abnormal livers were
identified on the basis of the estimated stiffness. The abnormal
liver cases were all identified, and there was one false positive
identification (one normal liver case was incorrectly classified
as abnormal). This result demonstrated the potential
usefulness of the proposed method, and we can expect our
method of non-invasive assessment of liver fibrosis to replace
traditional liver biopsy. This technique will be integrated into
a liver CAD system to support the diagnosis of liver cirrhosis.

IV.CONCLUSION

We have described our work on model construction
applications for CT, PET, and MR imaging. According to our
research plan in 2010, we proposed model-based approaches
for localizing the inner organs on CT images, segmenting the
abdominal psoas major muscle regions on CT images,
demonstrating the normal SUV values on PET images,
showing the BMD values of the vertebrae on CT images, and
measuring the stiffness of the liver regions on MR images for
the diagnosis of liver cirrhosis. All of these studies showed the
usefulness and validity of our model constructions.

In the future, we will continue to collaborate with the
other groups in this research project to accomplish anatomical
model definition, construction, and application.
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