A model based method for recognizing psoas major muscles
in torso CT images
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ABSTRACT

In aging societies, it is important to analyze age-related hypokinesia. A psoas major muscle has many important
functional capabilities such as capacity of balance and posture control. These functions can be measured by its cross
sectional area (CSA), volume, and thickness. However, these values are calculated manually in the clinical situation. The
purpose of our study is to propose an automated recognition method of psoas major muscles in X-ray torso CT images.
The proposed recognition process involves three steps: 1) determination of anatomical points such as the origin and
insertion of the psoas major muscle, 2) generation of a shape model for the psoas major muscle, and 3) recognition of the
psoas major muscles by use of the shape model. The model was built using quadratic function, and was fit to the
anatomical center line of psoas major muscle. The shape model was generated using 20 CT cases and tested by 20 other
CT cases. The applied database consisted of 12 male and 8 female cases from the ages of 40’s to 80’s. The average value
of Jaccard similarity coefficient (JSC) values employed in the evaluation was 0.7. Our experimental results indicated that
the proposed method was effective for a volumetric analysis and could be possible to be used for a quantitative
measurement of psoas major muscles in CT images.

Keywords: Muscle segmentation, X-ray CT images, Psoas major muscle, CAD, Shape model

1. INTRODUCTION

Information on the position, volume, and thickness of abdominal muscle structures is essential when planning
surgeries and for visualization of abdominal organs. In computer-assisted radiology and surgery and computer-aided
detection/diagnosis (CAD), visualization of abdominal skeletal muscles from CT images is a mandatory pre-processing
step. In addition, abdominal skeletal muscles have a complex structure and cannot be distinguished from other organs
only based on CT number alone; hence, automated recognition of these muscles remains a challenge till date. The muscle
of human body is distinguished by surface muscle and deep muscle [1]. In particular, the psoas major muscle plays an
important role in walking, and hence, visualization of this muscle is important in the detection of atrophy. Thus, the
recognition of skeletal muscle structures in CT images is gaining attention and is expected to be the target feature in
future CAD systems. In this study, we propose a method for recognition of the psoas major muscle (so called “a deep
muscle™). In a part of our previous study [2], the test database was very small, so we could not conclude the usability of
our method in wider range of ages. In this study, we proposed an improved new method for recognizing psoas major
muscles with an increased dataset including variety of ages and genders.
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2. METHODS

We first carried out pre-processing based on CT numbers for basic recognition of the human body parts such as
fat tissues, muscles, organs, and bones from the CT images [3]. Then, we carried out automatic identification of the
anatomical feature points on the skeleton and called them landmarks (LMs) and each LM pair selected on centrum and
pelvis was composed of anatomical origin and insertion of the psoas major muscle. After these LM identifications, the
centre line of the skeletal muscles was determined by connecting each LM pair with a straight line. There existed ten
anatomical centre lines in total on right and left sides in the abdominal body. Then, we created an outer shape model of
the psoas major muscle using a set of pre-extracted muscle regions (Fig. 1). Each psoas major muscle is composed of
five muscle fivers. Then, we used the quadratic function to describe the shape. Figure 2 shows the skeleton labeled image
and the skeleton with ten anatomical center lines. Figure 3 shows the model building process. Finally, we used this
model to recognize the muscle regions with region growing of CT numbers.

(b)

Figure 1. Manually extraction of psoas major muscles. (a) Original CT image (axial view), and (b) CT image with
extracted regions (green).

(b)

Figure 2. Recognized skeletons and anatomical center lines determined. (a) Skeleton labeled image (each color
describes different skeletons), and (b) ten anatomical center lines with skeleton.
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Figure 3. Model building process. The shape of psoas major muscle is presented by a set of quadratic functions.

3. EXPERIMENTS AND RESULTS

Our proposed method in the model building was applied to 20 cases of non-contrast X-ray CT images. Then, the
accuracy of the recognition results was evaluated using the other 20 CT cases on the basis of the overlapping rate
between the computer recognized regions and those extracted manually by one of the authors under the guidance of an
anatomy specialist. In more concrete terms, the Jaccard similarity coefficient (JSC) was calculated to evaluate the
proposed method. The averages of the JSC values obtained from 20 cases tested were 0.7. Figures 4 and 5 show the
generated model [Fig. 4 (a)] and recognition results [Fig. 4(c) and Fig. 5]. These results show that the upper region
remains consideration, but overall tendency is apprehensible for volumetric analysis of muscles. Other results are shown
Figure 6 and Figure 7.
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Figure 4. Recognition of muscles. (a) shape model of psoas major muscles, (b) overlapped region between shape model
with CT images, and (c) extraction results using region growing from the overlapped region.
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Figure 5. Experimental results with skeleton (green: concordance, red : under-recognition, blue : over-recognition ).
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Figure 6. 3-D view of experimental results. The value under the each figure is concordance ratio, reproduction ratio and
relevance ratio, respectively.
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Figure.7 Example of experimental results. (green: concordance, red : under-recognition, blue : over-recognition ).
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4. CONCLUSION

We have proposed a new method for recognizing psoas major muscles by using the shape model. The
experimental results showed that the proposed method can be used for effective recognition in the CT images and that it
can be used for volumetric analysis. This method showed the possibility that the computerized analysis of the muscle
volume and thickness can be useful in the diagnosis of muscle atrophy. We are still collecting the new image data and
these data will be employed to evaluate the performance of our model based recognition approach.
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