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SUMMARY
Our purpose in this study is to develop a scheme to segment the rectus abdominis muscle region in X-ray CT images. We propose a new muscle recognition method based on the shape model. In this
method, three steps are included in the segmentation process. The first is
to generate a shape model for representing the rectus abdominis muscle.
The second is to recognize anatomical feature points corresponding to the
origin and insertion of the muscle, and the third is to segment the rectus
abdominis muscles using the shape model. We generated the shape model
from 20 CT cases and tested the model to recognize the muscle in 10 other
CT cases. The average value of the Jaccard similarity coeﬃcient (JSC) between the manually and automatically segmented regions was 0.843. The
results suggest the validity of the model-based segmentation for the rectus
abdominis muscle.
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1.

Introduction

In the CT images, the skeletal muscles are not paid attention
by most of the doctors because their interest lies in the internal organs that are aﬀected by diseases. Therefore, the eﬀective use of image information is expected for the torso CT
images, which were imaged not for the diagnosis of muscles but for the other purposes (e.g. diseased organ). Since
all torso CT slices contain muscle regions, we propose an
eﬀective use of these images.
To accomplish the automated recognition of skeletal muscles in CT, we have been developing a computeraided diagnosis (CAD) system and have obtained some positive results for the muscle in the chest and abdominal regions [1], [2]. However, a recognition method, which considers the anatomical shape of the muscles, has not yet been
realized except for a psoas major muscle region [3] and rectus abdominis muscle [4] in non-contrast CT images. In addition, previous similar studies based on muscles shape or
shape model for muscle segmentation have been done in the
MR images [5]–[7], in which muscle regions have higher
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contrast.
We propose a method to automatically segment the rectus abdominis muscle in non-contrast torso X-ray CT images [4]. This method is based on generating a shape model
for the rectus abdominis muscles and applying it to a recognition process. Finally, we determined the Jaccard similarity
coeﬃcient (JSC) to compare the results of manual extraction
and this method. In this paper, we evaluated the method
using the same 10 training cases used in [4], and diﬀerent
10 test cases. In the previous paper [4], the test cases were
randomly selected from the cases with ages from 20 to 80.
In this study, the test cases are also randomly selected from
a group of ages 50 to 70 who are in the same age group as
the training dataset.
2.

Model-Based Muscle Segmentation Method

The model-based approach was eﬀective for segmenting the
muscle region with a characteristic shape [3]. The psoas
major muscle has the spindle shape which we approximated
its 3-D outer shape. In current method, we focus on the cross
sectional shape of the rectus abdominis muscle and approximate it by using a quadratic function. Figure 1 shows the
flowchart of the proposed method for the muscle recognition
based on the model generation.

Fig. 1

Processing flow of the muscle recognition.
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The proposed method is based on our advanced
scheme. First, the shape model of the rectus abdominis muscle is generated using the training dataset. In the muscle
recognition process, the system determines the anatomical
feature points as landmarks (LMs) and generates the centerline connecting the LMs for a test case. Finally, the shape
model is applied to segment the rectus abdominis muscle
region.
2.1 Statistical Shape Model Generation
The rectus abdominis muscle has a pathognomonic border
shape in its axial transverse section. It has a long flat shape
and is located in front of the body [8]. The transverse section
of rectus abdominis muscle has an arching shape. In this
method, we focused on its cross-sectional shape for model
generation. As an initial examination, we considered the
shapes of the left and right rectus abdominis muscles the
same, because of their symmetry. In addition, the diﬀerence
in muscular thickness for diﬀerent transverse sections from
its origin to insertion is visually imperceptible. Therefore,
the shape model of the rectus abdominis muscle is defined
as the following quadratic function that approximates the
border shape in the axial transverse section:
y = αx2 + 8.0,

(1)

where y represents the arcate counter-shape in the axial
transverse section, which is obtained by substituting the distance along the centerline for x. For the shape model of
rectus abdominis, there are two parameters, α (coeﬃcient)
and 8.0 (constant). α is a fitting parameter that is automatically determined for each case in the following recognition
process. Conversely, 8.0 is an outer shape parameter that
corresponds to the thickness of the rectus abdominis, and
is determined beforehand. 8.0 is determined by the average
thickness measured manually and assumed by the statistical
analysis in twenty training cases.

course of the muscle fiber cannot be simply expressed by the
straightforward connection of origin and insertion. Therefore, a new additional LM that takes into account for the
individual body shape is dynamically acquired on the basis
of the LMs that were already set automatically. The additional LM is placed in the middle of the origin and insertion at the cross section. This LM is then moved to the innermost subcutaneous fat within the cross-sectional slice of
the rectus abdominis muscle from the anterior to posterior
direction. Figure 2 shows the eﬀect of introducing the midpoint. Figures 2 (a) and (b) show the 3D image of the centerlines and the slice image at the mid-point, respectively. The
mid-points are placed on the left muscle, while they are intentionally removed so that the centerline was kept straight
on the right muscle. The centerlines at the left side are in
contact with the muscle and reflecting the individual body
shape.
2.3

Automatic Recognition of the Muscle

In the recognition process, an appropriate fitting parameter α is obtained from the input image by using the model
function in Eq. (1). The α can obviously be determined from
Eq. (1) by the coordinate pair of x and y. Here, the left and
right centerline points in each slice are used for substitution
of (x, y). Then, in the model fitting, the area represented by
the generated function is assumed to be a mask image, from

2.2 Anatomical Features Recognition
In the process to recognize the anatomical features, landmarks (LM) and centerlines are determined based on the
anatomical positional features. The anatomical positions
where the rectus abdominis muscle is connected to skeleton
are defined as origin and insertion.
In the LM recognition process, the origin LM is obtained from one point on the crista pubica, and the LMs
of the insertion are obtained from a total of four points located on the xiphisternum and on costa V to costa VII. The
targeted skeletons are selected from the segmented skeletal image [9], and each LM is determined on the selected
skeleton.
In the centerline building process, we automatically
connect the LMs that were determined above. The origin
and its corresponding insertion are ordinarily connected by
the shortest possible straight line. However, the shape of
the abdomen diﬀers greatly by individuals. Therefore, the

Fig. 2 The eﬀect of the mid-point (left side): (a) 3D image of the centerlines, (b) slice image at the mid-point.

Fig. 3

Shape model on the CT image.
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which the candidate region is obtained. Finally, the muscle
region is determined from the peripheral region, if necessary. Figure 3 shows the shape model on the CT image.
Each color shows the model for left and right rectus abdominis muscles, respectively.
3.

Results and Discussion

We applied this scheme to 10 CT cases of non-contrast torso
X-ray CT images and evaluated the accuracy of the segmentation results. This study was approved by the Institutional
Review Boards. The results were evaluated by the overlap
rate between the automatically recognized region and manually extracted region by an author (N.K.) under the guidance
of an anatomical specialist. The Jaccard similarity coeﬃcient (JSC) was used to evaluate the proposed method. The
JSC is calculated by (A ∩ B)/(A ∪ B), where A and B are the
regions of the gold standard and recognition results, respectively. The test database consisted of CT images of 5 males
and 5 females. The method was implemented in a computer
with two 2.99 GHz clock CPUs.
We evaluated this method by comparing the recognition results between the previous study [4] and this study
with diﬀerent test datasets which were randomly selected
from diﬀerent age groups. The average JSC value was
0.843. This result is comparable with that of the previous
study (0.841), indicating the muscle recognition using the
proposed model has high robustness. Figure 4 shows the
recognition results. The green regions are the results extracted with our proposed scheme. The minimum and maximum value of the JSC was 0.831 and 0.892, respectively.
In the proposed technique, the boundary of the muscle was
distinguished by using the shape model even if the rectus
abdominis muscle touches the area of the intestines. The
results indicate the possibility of using the model for automatic recognition of the rectus muscle of abdomen extending to abdominal cavity boundary.
In the proposed method, the anatomical shape could be
reproduced by few parameters, and the application of our
conventional model-based method [3] can be realized. This
indicated a potential for the application of the model-based
muscle recognition to other muscles. However, in order to

Fig. 4

Recognition result of the rectus abdominis muscle.

verify the validity of this method, it is necessary to apply
this method to database with larger variability.
4.

Conclusion

We proposed a fully automated method based on the shape
model to segment rectus abdominis muscle in torso CT images. This method was applied to 10 CT cases. The average
values for the JSC was 0.843. The results were satisfactory
in generating the muscle shape model for segmenting rectus
abdominis muscle. However, an improvement in accuracy
is needed using a large dataset.
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