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Abstract

This paper describes a dedicated analysis software for quantitative analysis of the
sarcopenia disease. The proposed software extracts standardized results by specifying
the same environment and imaging conditions based on medical images of the human
L3 spinal segments in which various anatomic features an be observed. In particular,
the results values of muscle, subcutaneous fat, and visceral fat, which are important
factors for sarcopenia image analysis, are provided in various formats, such as
DICOM, PNG, ROI, and CSV. In addition, all analyses are quickly and
semi-automatically performed with great accuracy. The software supports the
diagnosis and quantitative analysis of sarcopenia in the clinical practice, and it is
expected that it can be applied to execute the analysis of sarcopenia disease in various
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Sarcopenia.

diseases such as diabetes, obesity, cardiovascular disease etc.
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1.INTRODUCTION

Skeletal muscles are locates near the bones,
through the whole body, and responsible to
conduct the movement of the bones by applying
forces, playing an important role in our daily lives
[1]. The decrease in muscle mass due to aging and
diseases, however, results in the appearance of
other illness, including chronic renal failure, [2]
osteoporosis, [3] complications and increased
hospital stays [4]. This condition, called
sarcopenia, [5], [6] is a disease [7] registered in
the World Health Organization (WHO)’s
classification system in 2016, responsible not only
to increase the incidence of various diseases, but
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also has a great impact on cancer patients [8], [9].
Although it is considered one of the most
important  issues, diagnostic  criteria and
guantitative measures of skeletal muscle mass
have not yet been established to treat it.

The lack of clear diagnostic criteria for sarcopenia
disease and the non-standardized imaging
protocol are the main causes for the inaccuracy of
the research process and analysis results.

This paper, therefore, proposes an analysis
software specialized for sarcopenia to solve these
problems based on medical imaged of the
human’s L3 spinal segment, [10] in which various
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anatomic features can be observed. The main
functions were designed to handle the images
using Window & Leveling [11] technique and to
specify the threshold, [12] through the binary
coding method, to perform quantitative analysis
under the same environment and conditions. At
the same time, it is possible to quickly and
accurately obtain standardized research results
through the semi-auto image processing
algorithm.

The organization of this paper is as follows. In
section 2, the components of the proposed
technology are described. In section 3, its
processing and key functions are defined. In
section 4, the acquisition of sarcopenia
quantitative data, from medical images, is shown.
In section 5 the results, conclusions and future
research are discussed.

2. RELATED WORK

As research on the technique of analyzing medical
images, such as computed tomography (CT) and
magnetic resonance imaging (MRI), is globally
active, the necessity of an analysis software,
therefore, is increasing accordingly. Recently,
artificial intelligence (Al) technologies are
actively being introduced to develop automatic
diagnosis assistance systems, such as detection,
segmentation and quantification of lesions. Some
examples of key software technologies involved
are as follows.

2.2 ImageJ

ImageJ [13] is an open source platform, based on
the JAVA programming language, developed by
the National Institutes of Health (NIH). It is
designed as an open architecture that provides
scalability through JAVA’s plug-in and Macro.
Furthermore, It can display, edit, analyze,
process, save, and print 8bit-color, grayscale,
16bit and 32bit images, and read many different
image file formats, including TIFF, PNG, JPEG,
and DICOM. It also supports various logical
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operations between images as well as
standardized image processing functions, such as
window & leveling, threshold, smoothing, and
convolution.

2.2 Rayplus

Rayplus [14] is a web-based platform that is
remotely accessed by users to execute analysis. It
can be easily used without installation process and
it has image processing functions, such as crop,
window & leveling, invert, zoom, rotate, and
annotation to assist the user in analyzing medical
images. 3D and Al technology are also applied,
enabling clear and precise analysis.

The software presented in this paper is developed
based on the improvement of ImageJ provided in
the open source platform. In particular, images
can be analyzed under the same environment and
conditions as the real case and the analysis
process can be simplified through semi-auto
method to obtain standardized quantitative
analysis results. For further research in the future,
Al technology will be implemented to achieve
automated analysis.

Capitalize only the first word in a paper title,
except for proper nouns and element symbols. For
papers published in translation journals, please
give the English citation first, followed by the
original foreign-language citation [8].

3. METHOD

3.1 Selection of regions for medical image
analysis

This paper selected the human image L3 spinal
segment (Lumbar Spine 3™, L3), as shown in
Figure 1, to perform the sarcopenia quantitative
analysis. The L3 region includes the spine,
internal organs, kidneys, and liver in addition to
visceral fat, subcutaneous fat, and seven muscle
groups (Psoas, Erector Spinae, Quadratus
Lumborum, Transversus Abdominus, External,
Internal Obliques, and Rectus Abdominus).
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Figure 1: The medical images (MRI) of L3 spinal
segment

These regions are key areas for observing a
variety of anatomic features and are considered
the most suitable areas for the quantitative
analysis of the relationship between sarcopenia
and various other diseases, such as aging, obesity,
and osteoporosis.

3.2 Analysis software flow chart

Figure 2 indicates a flow chart of the overall
qualitative and quantitative analysis process of the
software. The analysis process is carried out
semi-automatically and is divided into the
following steps: execution, setting, confirm, and
extraction.

Sarcopenia Dicom
Image Open?

Auto Sarcopenia plugin playing

Setting

Medical Image condition
value Setting
(Window Leveling, Threshold)

v

Semi-Automatic Segmentation for
Sarcopenia boundary
(Muscle, Subcutaneous Fat, Visceral Fat)

nfirm
No
Sarcopenia ROI
Confirmed?
Yes

Extraction

Sarcopenia quantitative value and Labeling
Image Extraction

Figure 2: A flow chart of the sarcopenia analysis software
execution
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A. Execution

An analysis tool (sarcopenia plug-in) that reads
the medical image data and processes significant
features of sarcopenia is executed.

B. Setting

Window & leveling and threshold values of
image data are specified and are applied to the
entire image. The radiologist randomly classifies
regions of significant factors of sarcopenia,
thereby generating a region of interest (ROI).

C. Confirm

Determines the final ROI for each significant
factor of sarcopenia by revising and verifying the
work conducted by the radiologist in the previous
step.

D. Extraction

Quantifies the results for each finalized ROI
and images and employs them as analysis data.

3.3 Principles of running the sarcopenia
analysis software execution

For the ROI that was randomly classified as
significant factors of sarcopenia, when the button
for each region had been selected in the
sarcopenia analysis tool, window & leveling and
threshold values were applied and the image
processing algorithm, such as data preprocessing,
ROI extraction, and analysis value measurement,
was executed based on the transformed medical
images to generate significant factors of
sarcopenia ROIl. All these processes are
semi-automatically conducted by pressing the
click button one time, as shown in Figure 3.
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Figure 3: Analysis software’s execution algorithm
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3.4 Execution results

Figure 4 shows the final results of the extraction
step in the analysis software’s flow. The ROI
generated through the previous verification step
can be used to verify the analysis results for
significant factors of sarcopenia. Moreover,
PNG, ROI, and CSV files can be generated to
observe the results.
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Figure 4: Results of analysis software extraction
4. RESULTS display quantitative data.

The results of this study are presented in PNG
files that display labeled images of muscles,
subcutaneous fats, and visceral fats, where
sarcopenia has more influence, ROI files, in which
its coordinates are stored for each significant
factor region, and CSV files that measure and
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4.1 Labeled Image

Based on the medical images of the L3 segment,
labeled images, extracted only from labeled
regions, the overall labeled images integrating all
regions for each muscle region, subcutaneous

fats, and visceral fats. The significant factors of
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sarcopenia are provided in PNG file format.
Muscles, subcutaneous fats, and visceral fats are
represented in red, blue, and yellow.

4.2 Region of Interest (ROI)

Boundary results are shown for the regions of
significant factors of sarcopenia: muscle,
subcutaneous fat, and visceral fat. The results are
provided in the ROI file format and can be applied
to medical images at any time.
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4.3 Quantitative Numerical Data

Based on the generated ROI, quantitative data
results of muscle, subcutaneous fat, and visceral
fat regions corresponding to sarcopenia, are
shown. The resulting variables, such as area,
mean, standard deviation, threshold min & max,
and perimeter, can be shown in a CSV file format
[15-17].

Muscle Subcutaneous Fat
Labeling Image Labeling Image

Visceral Fat

Original Image
Labeling Image 9 J

Muscle Subcutaneous Fat
Labeling Area Labeling Area

Visceral Fat Total
Labeling Area Labeling Area

Figure 5: Labeled images results of significant factors of sarcopenia using the analysis software

Muscle Subcutaneous Fat
ROI ROI

Visceral Fat

Original Image
ROI 8 8

Figure 6: ROI results of significant factors of sarcopenia using the analysis software
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E F G H
StdDev  Min Max Perim. Skew
19.445 103 222 2081.701 -0.05
27.255 4 143 2581.438 0.845
24.721 0 143 1795.86 0.467

Figure 7: Quantitative numeric results of significant factors of sarcopenia using the analysis software

5. CONCLUSION AND FUTURE
RESEARCH

In this paper, we developed and presented a
software specialized in quantitative analysis of
sarcopenia from medical images and based on the
position of human L3 spinal segment. It is able to
conduct analysis using a semi-auto method in
each step, enabling the research results to be
obtained promptly. In addition, by unifying the
conditions for medical image analysis, the regions
corresponding to muscle, subcutaneous fat, and
visceral fat are measured in the same
environment, and the image results after the
labeling process are offered in a PNG file format,
whereas the standardized quantitative numeric
results are displayed in ROl and CSV. The
analysis software will contribute to the sarcopenia
study by executing quantitative analysis of the
disease based on medical images. It also defines a
starting point in electing a diagnostic criterion and
a quantitative analysis method.

Furthermore, we plan to develop an integrated
software platform for acquiring the analysis
results using an automated method, rather than a
semi-automatic technique, by inputting the
labeled PNG file image obtained from the analysis
software in an Al deep learning algorithm.
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