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DEVELOPMENT OF A METHOD FOR ANALYZING TOMOGRAPHIC IMAGES OF
BONE STRUCTURES

The subject matter of research in the article is the morphological structure of bone tissue in the lumbar spine, visualized by
tomography in the sagittal and axial planes. The goal of the research is to create the most informative investigation method for
analyzing the structure of bone tissue, taking into account pathology in the form of metastatic bone lesions. This is justified by the fact
that the detection of pathological processes is one of the most important tasks of image processing and analysis; at the same time,
early diagnosis of various pathologies, including cancer, significantly increases the chances of patient recovery. Tasks: to consider the
existing modern methods for analyzing the structure of bone tissue, to develop and propose a method for detecting bone tissue
pathology in multiple myeloma. For the development of methods for the analysis of tomographic images with lesion of the bone
structure, one of the fundamental issues is visualization of tomographic data. In this case, it is advisable to provide modules for both
two-dimensional and three-dimensional visualization with methods of processing and segmentation of vertebral bodies, as well as
correcting the results obtained in an interactive mode. The research uses methods of improving the quality of images, filtering using
adaptive local filters, segmentation and stereology methods, cluster analysis method. The result of the work is to obtain a method
suitable for use in the analysis of bone tissue with its accompanying pathology in the form of bone metastases. This method will be
the basis for the further development of a method aimed at analyzing the microstructure of bone tissue, which will significantly
increase the accuracy of calculations. Conclusions. The relevance of the topic under study is of vital importance for a huge number of
patients suffering from cancer. In the course of the research, algorithms for processing and analyzing input images were developed,
taking into account the modality of the input data. This makes it possible to develop the next stage of analysis aimed at the

microstructure of the bone tissue.

Keywords: multiple myeloma; image processing; tumor; bone lesion; early diagnosis; image segmentation; bone structure;

image filtering.

Problem statement

Analysis of recent research and publications

According to the Ministry of Health, there are more
than 1 million cancer patients in Ukraine; 450 new cases
of cancer are registered daily [1]. It should be noted that
90% of patients develop bone lesions during their disease.
For this reason, imaging plays an important role in the
diagnosis and follow-up of cancer patients. Bone
pathology is the most common clinical feature of multiple
myeloma (MM). Multiple myeloma is a tumor in the bone
marrow that systemically affects the skeleton;
characterized by clonal proliferation of plasma cells and
bone marrow infiltration. Bone cancer metastases are
characterized by bone marrow damage (diffuse, diffuse-
focal, rarely focal), accompanied by bone-destructive
changes (osteoporosis, osteolysis), and the development of
monoclonal immunoglobulinopathy [2-3].

Today, standard methods for examining bone tissue
in MM determine bone mineral density, while some new
methods focus on micro-objects. Terminologically, micro-
objects in the work are understood as objects on specially
prepared micro-preparations. The variety of cellular and
tissue structures found in the human body is considered to
be medico-biological micro-objects [4]. In this work, the
micro-object is taken as the trabecular structure of bone
tissue and elements of its morphological structure.

The quality of image analysis and further
development of research methods directly depend on the
quality of the obtained diagnostic images — first of all,
these are the results of X-ray computed tomography (CT)
and radionuclide imaging [5]. At the same time, the lack
of an integrative approach to assessing the
morphofunctional parameters of bone structures makes it
difficult and hinders the detection of pathological
processes at early stages.

Recent advances in imaging make it possible to
assess bone microstructure in vivo using high-resolution
peripheral quantitative computed tomography [5-6].

Imaging techniques used to assess the structure of
the trabecular bone include conventional Xx-rays,
magnification  x-rays,  high-resolution  computed
tomography (HRCT), and high-resolution MRI (MRI-
HR).

High-resolution MRI (HR-MRI) techniques can
provide three-dimensional information about cancellous
bone in peripheral regions with a resolution of the order of
trabecular dimensions (in-plane resolution: ~ 110 um,
section thickness: ~ 300 pm) [7-10]. Recent advances also
allow imaging of the proximal femur, a major area of
clinical interest, although the signal-to-noise ratio (SNR)
and resolution (in-plane resolution: ~ 250 um, slice
thickness: ~ 500 pm) are lower than peripheral areas [11].

MRI scans can also be used to generate 3D bone
geometry for finite element analysis (FEA) models. It is a
numerical method that can be used to predict the
mechanical response of a bone to stress. [12].

The scanning electron microscopy method allows us
to estimate the pore size, shape and direction of
trabeculae, identify their destruction, and evaluate the
structure of bone collagen [13].

The method of peripheral quantitative CT (HR-
pQCT) is also known, which is used for visualization of
bone microstructure, but its spatial resolution is 200-500
microns [14].

The method of optical microscopy is based on
histological preparations of trabecular bone tissue with
post-traumatic changes in structure, studied under an
optical microscope.  Morphometric  changes are
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characterized by a decrease in the area of bone beams and
a violation of the integrity of bone lacunae [13-15].

The method of multi-detector CT is widely used in
clinical practice. However, the resolution of this method is
0.5-1 mm, while the dimensions of the bone trabecula are
0.25-0.7 mm and the distance between them is 0.1-1.0 mm
[16].

Highlighting previously unsolved parts of a common
problem. Purpose of work

Analysis of the literature showed that despite the
variety of methods, there is no suitable method for
assessing the bone structure with high sensitivity. It
should also be noted that a specific and especially
important task in the work is not only the analysis of the
structure of bone tissue at the micro level, but a
combination of this issue with pathological changes
associated with the complexity of the course of
oncological diseases.

Thus, due to the heterogeneous structure of the bone
structure and the random location of metastatic lesions in
them, the analysis of tomographic images is complicated.
In this regard, the task of developing new methods for
analyzing bone structures remains relevant.

Materials and methods

The material of the research is tomographic images
of sections of the vertebrae L1-L5 (fig. 1).

Fig. 1. MRI of the spine with selected areas of interest (vertebra
L1-L5); sagittal T2-weighted MRI, middle section of the lumbar
region

In the development of a tomographic image analysis
system for multiple myeloma, one of the fundamental
issues is the visual presentation of tomographic data.
Therefore, for the purpose of expediency, two-
dimensional visualization modules are provided.

Two-dimensional processing involves working with
images of individual tomographic slices and includes

various types of brightness-contrast correction, methods of
linear and nonlinear filtering of images, adjusted in
accordance with user settings. Data processing, in addition
to improving the visual perception of images, should
provide the possibility of performing the segmentation
procedure - highlighting areas in the image that belong to
structures with common properties, which are chosen for
tomographic images: intensity, configuration, size and
localization.

According to the standard technique, magnetic
resonance imaging (MRI) is performed in the sagittal and
axial planes of the T2-weighted type, if necessary,
supplemented by T1-weighted MRI in different planes, as
well as MRI with fat suppression.

At the first stage, the image is analyzed from the
point of view of subjective perception. The image has a
normal distribution of the brightness of the elements and
for the convenience of further calculations the normal
distribution criterion is applied. The image quality is
assessed by the degree of deviation of the real brightness
distribution from the normal one. In addition to a
quantitative assessment, this method allows you to obtain
information about the presence and weight ratio of the
brightness gradations of the image.

These transformations are carried out according to
the expression (1):

Lres = -~ Lrin ! @)
I-max - I-min
where L, L.
original and resulting images; Ly, . Lmax — respectively,
the minimum and maximum values of the original image.

Transformations according to formula (1) are
effective if the intensities of the pixels of potentially
information areas are concentrated in a narrow dynamic
range. If we apply these transformations to the original
image, then we will not achieve the desired effect, since
the histograms of its color components occupy the entire
possible range.

Improving the visual quality of the original image

can be achieved by modifying expression (1), i.e. to make
stretching of dynamic range of intensities of image pixels

nonlinear:
o
L-L.;
e (e EENC

max — —min

— an array of values, respectively, of the

where o — nonlinearity coefficient.

Further, at the second stage, due to the specific
properties of tomographic images, filtration is applied
using adaptive local filters (3). Mathematically, this
filtration can be expressed as follows:

2

9(X,y)=f(xly)—%[f(xly)—m]v ®)

L
where g(x,y) — filtered image in general; f(x,y)-

initial image; &2 — local variance in the Sy s
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neighborhood, S, rectangular neighborhood with

. . . . . 2 f
dimensions mxn in the point (X, y); &, — overall image
noise variance; m_ — local mean in the S, neighborhood

At the third stage, you need to perform
segmentation. We can use the k-means method. This
method is one of the simplest and most common
clustering methods if you know the number of classes to
split data into. You can use this algorithm to segment
medical images.

The k-means clustering algorithm is as follows:

a) N classes are created (N is the number of classes
into which the data should be split). The centers of mass
of the classes are initialized to a specific value. Can be
initialized with random values;

b) the data that needs to be clustered are sequentially
analyzed and belong to the class to which they are closest
(according to the Euclidean distance and the center of
mass);

c) the center of mass is recalculated for each class;

d) if in some class the center of mass is changed,
then there is a transition to step "b";

e) based on the smallest distance of the center of
mass of the cluster and the corresponding data, the data is
assigned to a certain class.

Applying this method to the samples under study, we
obtain the following results: fig. 2a shows an axial section
of an MRI vertebra in normal conditions, and fig. 2b
shows the result of its segmentation using the k-means
method.

Fig. 2a. Computed tomogram of the lumbar spine, axial section, norm

Fig. 2b. Result of fig. 2a segmentation by k-means method

As a result of segmentation, the region of interest
shown in fig. 2b was obtained; this region covers the
entire area of the bone marrow in the vertebra. The image
is ready for the next stages of processing.

Next, we will carry out the same analysis for the
sample with pathology shown in fig. 3a. The segmentation
result in fig. 3b.
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Fig. 3a. Computed tomogram of the lumbar spine, axial section, pathology

Fig. 3b. The result of segmentation of fig. 3a by the k-means method

On the tomogram shown in fig. 3a, the area with
tissue structure disturbance is on the left. This condition is
explained by the presence of bone metastasis, which
destroys the trabecular structure of the spine. Fig. 3b
shows the result of image segmentation 3a; the white
segment is an area with a lesion that should be looked at
during image analysis.

Since this study considers the principle of analyzing
images obtained by both MRI and computed tomography,
we present the results of segmentation of images of the
lumbosacral spine obtained in both methods to illustrate
the modality.

Fig. 4a shows a CT scan of the lumbosacral spine,
normal. Fig. 4b shows the result of segmentation of this
image by the k-means method.

Fig. 4a. CT scan of the lumbosacral region, norm

Fig. 4b. The result of segmentation of fig. 4a by the k-means
method
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For visual comparison, fig. 5a shows such an image,
only obtained as a result of MRI. Fig. 5b shows,
respectively, the result of its segmentation by the k-means
method.

Fig.5a. MRI of the lumbosacral region, norm

Both imaging techniques, MRI and CT, have a very
wide range of applications and are very popular. It is not
entirely correct to compare these diagnostic methods,
since they are based on different technological processes
and use different approaches for tissue visualization. CT
and MRI have their own advantages and disadvantages.
The feasibility of using a particular technique is
determined by the doctor, based on the goals and
objectives of the study.

After the above steps have been completed, the
image is ready for the next, fourth step, which consists in
working directly with the areas of interest. In this work,
the object for research is the affected vertebral bodies.

Cancer metastases in bone are characterized by
damage to the bone tissue by cancer cells, which penetrate
into it with the flow of blood and lymph from the primary
tumor. In addition, these cancer cells can spread to other
organs and tissues, forming metastases in them.

The main cells of bone tissue are osteoblasts, which
are responsible for the formation of new cells and bone
growth, and osteoclasts, which are responsible for the
destruction and absorption of used bone cells.

When the bones are affected by metastases, the
functions of the above cells are disrupted, and therefore,
bone metastases, depending on the type of lesion, are
divided into:

- osteolytic: when osteoclasts are damaged, bone
thinning occurs, leading to pathological fractures under
stress. With the progression of the disease, these signs
may appear even with the slightest exertion (for example,
when getting out of bed, when trying to take a step, etc.);

- osteoblastic: when osteoblasts are damaged, a
pathological increase in bone tissue, the formation of
growths and protrusions on the bone, limitation of joint
mobility are diagnosed;

- mixed: damage to osteoblasts and osteoclasts. They
are found most often in patients with bone metastases and
are manifested by bone thinning and the appearance of
new metastases.

Fig. 5b. The result of segmentation of fig. 5a by the k-means
method

Radiographically, they appear as small foci of
vacuum or larger foci of destruction with a homogeneous
or cellular structure. The edges of the lesions are usually
indistinct, without a sclerotic ring of the seal.

After completing the above steps, the image is ready
for the main processing module. The main fifth stage is as
follows: in the image without pathology, an area is
highlighted so that the object of interest is located inside
it. The selection area corresponds to the size of the
vertebral body. A maximum intensity graph is then plotted
over this area. Further, to compare the results, it is
necessary to carry out the same steps for a sample with
pathology. After that, for each of the cases, the area of the
integral curve is calculated. With pathology, the area will
be smaller. For further interpretation of the value of the
area difference and the development of the algorithm, a
coefficient characterizing the area defect is introduced.
With the help of the value of this coefficient, it is possible
to distribute patients according to the degree of
complexity of the disease, and as a result, help the
radiologist to select an individual treatment and further
monitor the dynamics.

Research results and their discussion

The result of the work is the development of a
method suitable for use in the analysis of bone tissue in
pathology in the form of bone metastases. However, this
method will also be useful in the further follow-up of the
patient and response to therapy. It should also be noted
that the results obtained in this study will be the basis for
the further development of a method aimed at analyzing
the microstructure of bone tissue, which will increase the
accuracy of calculations.

Conclusions and prospects for further development

The relevance of the topic under study is of vital
importance for a huge number of patients suffering from
cancer. During the study, a method was developed for
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processing and analyzing tomographic images, namely, The results obtained are planned to be used in the

bone structures, in the form of vertebrae, in patients with  future to describe the state of the vertebrae with

multiple myeloma. The obtained result makes it possible  pathologies and disorders. In the future, the development

to develop the next analysis module aimed at the of an analysis method aimed at the microstructure of

microstructure of bone tissue. trabecular bone tissue, taking into account the presence of
pathology.
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