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AunddepeHumnanbHas auarHocTMKa o4aroBbiX
W3MEHEeHWU NO3BOHOYHUKA C UCMOJIb30BaHUEM
CTaHAApPTHOrO U pagMOMMUYECKOro aHaNu3a:
PeTpocneKTMBHOE UCCNeAoBaHUe
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AHHOTALIMA

060cHoBaHue. [py 0OHapyEHWUM 04aroBbIX U3MEHEHMWI B KOCTAX BPAY-PEHTIEHOO0N JOMKEH UCKNKOUMTb UK NOATBEPAUTL
HalMuyMe MeTacTaTMyecKoro Xapakrepa MmopaeHus.. XoTs CeMWUOTMKa MeTacTaTUyecKux M HeOHKONIOrMYECKUX U3MeHEeHMIt
Mo AaHHbIM MarHUTHO-pe3oHaHcHoW ToMorpadum (MPT) focTaTo4HO M3BECTHA, HA MPAKTMKE MOTYT BCTPeYaTbCs PasfinyHble
COYETaHWUA CUTHaNbHbIX XapaKTePUCTUK, OTPAAOLLME TEYEHUE XPOHUYECKUX NapasiieNibHbIX MPOLECCOB, 3HAYMTENbHO 3a-
TPYLHAOLWMX UHTEpNpeTaLyio. Vcnonb3oBaHne METOL0B KOMMBIOTEPHOIO aHanu3a u3obpaxeHuii UMeeT bonbluve nepcnek-
TUBbI M CMOCOBHO NOBBICUTbL AMArHOCTUYECKYH0 TOYHOCTb CTAHAAPTHBIX METOA0B BU3yanu3aLuy.

Lienb. MoBbICMTb TOYHOCTb AUArHOCTMKM PEHTFEHONIOMMYECKUX 3aKITIOYEHUIA 04ar0BbIX M3MEHEHWUH NMO3BOHOYHMKA C MOMOLLbH
LO0MNOJTHATENBHOM OLLEHKW M30BpaXeHWn anroputMamMmn KOMMbIOTEPHOTO aHau3a.

Martepuansl u MeToabl. 06cnegoaHbl 30 naumeHToB, 15 U3 KOTOpbIX — € MeTacTaTUMECKUMM U3MEHEHWUAIMU B KOCTAX BCeS -
CTBME paKa MOJIOYHOM Xene3sbl U eweé 15 — ¢ 04aroBbIMU U3MEHEHMAMM B KOCTSX HEOHKOOrM4YecKoi npupoasl. Komnbio-
TePHbI aHanu3 04aroBbIX M3MeHeHWI Tes N03BoHKOB nposefiéH no T,BU, T,BW, STIR MPT-nocneposatensHocTaM. [ing KoM-
NbIOTEPHOr0 aHanKu3a UCMosb30Bau OMepaTop COXHOCTU M306paxeHusa ApLiena, rMCTOrpaMMHOe pacnpefieneHue SpKOCTeN.
Pe3ynbtatbl. YcTaHoBMEHbI OCHOBHbIE AMddepeHLManbHble NOKa3aTeNn A1 FeMaHTMOMbI, YCIOBHO-HOPMAabHBIX Y4aCcTKOB
KOCTHOrO Mo3ra W MeTacTatuyeckux o4aro. Onepatop CnoXHOCTM u30bpaxenni Apuena ois reMaHromsl coctasun ~0,07,
ansa MetactasoB (mts) — ~0,05, ans nossoHka — ~0,04. [ucTorpaMMHbIN onepaTop APKOCTel ANA reMaHrMoMbl COCTaBUN
~1,12, pna mts — ~0,94. Otnnume noxasateneit Mexay coboii okasanocb paBHbIM oKono 20-25% Mexay reMaHruomon
M KOCTHbIM M03roM U 35% — Mexay mts ¥ KOCTHbIM MO3roM, YTO No3BonseT IQ(EKTUBHO UCMOb30BaTh NePeYNCIEHHbIE
MoKa3aTenu BMeCTe C ipYruMuU MapKEpaMmu.

3aksnitoueHue. MonyyeHHble B paboTe ¢ NOMOLLbK PaAMOMUMYECKOTO aHanM3a Kputepun auddepeHLManbHoi LUarHOCTURM
MoKa3anu 3HauMMble pasfinunsa MeX Ay 04aroBbIMU M3MEHEHWUAMM B NMO3BOHKaX pasnnyHon atuonorun. C MaTeMaTuyeckon
TOYKM 3PEHUS OHU HOCAT PeKOMEHAATeNbHbIN XapaKTep, a B LEHTPe CUCTEMbI MPUHSATUA PELLEHUA OCTAETCA BpaY C ero
OMbITOM.
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Differential diagnosis of focal changes in the spine
using standard and radiomic analysis

Nikolay I. Sergeev, Petr M. Kotlyarov, Vladimir A. Solodky

Russian Scientific Center of Roentgenoradiology, Moscow, Russian Federation

ABSTRACT

BACKGROUND: If focal changes in the bones are detected, the radiologist must exclude or confirm the presence of a metastatic
lesion. Although the semiotics of metastatic and non-oncological changes according to magnetic resonance imaging (MRI)
data is well known, in practice, there may be various combinations of their characteristics that are influenced by other chronic
diseases and parallel processes, which significantly complicate interpretation. The use of computer image analysis methods
has great prospects and can improve the diagnostic accuracy of standard imaging methods.

OBJECTIVE: To improve the accuracy of diagnosing radiographic findings of focal changes in the spine using additional image
evaluation by computer analysis algorithms.

MATERIALS AND METHODS: Thirty patients were examined, and 15 of them had metastatic bone lesions from breast cancer,
and 15 had focal changes in the spine of a non-oncological nature. Computer analysis of focal changes in the vertebral bodies
was conducted according to T,WI, T,WI, and STIR MRI sequences. For the computer analysis, the operator of the complexity of
the image Arzela and histogram distribution of brightness were used.

RESULTS: The main differential indicators for hemangioma, conditionally normal areas of the bone marrow, and metastatic foci
have been established. The Arzela data image complexity operator was approximately 0.07 for hemangioma, approximately
0.05 for metastases (mts), and approximately 0.04 for vertebrae. The brightness histogram operator was approximately
1.12 for haemangioma and approximately 0.94 for mts. Regarding the difference between indicators, the difference is 20%-
25%, between hemangioma and bone marrow and 35% between mts and bone marrow, which make it possible to effectively
use these indicators together with other markers.

CONCLUSION: The criteria for differential diagnosis obtained using radiomic analysis showed significant differences between
focal changes in the vertebrae of various etiologies. From a mathematical point of view, they are advisory, and the doctor with
experience remains at the center of the decision-making system.

Keywords: bone metastases; oncology; MRI; radiomics.
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BACKGROUND

Bone metastases have been reported to occur in
approximately 40% of patients with cancer, with varying
incidences depending on the primary tumor type and location
[1]. Contemporary medical imaging methods, such as multislice
computed tomography, magnetic resonance imaging (MRI), and
positron emission tomography, have high diagnostic efficiency.
However, the variability in the course of bone metastases
determines the advantages and disadvantages inherent in
each method [2, 3]. Modern image analysis algorithms aim
to improve the interpretation of the obtained research results.
Patients’ conditions can be described in various ways and with
varying degrees of detail based on MRI images using different
methods, such as pixel-by-pixel analysis of images for various
pathologies and modalities [4, 5]. Here, several methods can be
selected, which are mainly reduced to certain statistics, namely,
brightness statistics, histograms, and distribution of pixel groups
(i.e., texture). Because of such large variability in values, despite
attempts to systematize and unify the approach, at this stage,
many different methods of analysis often provide contradictory
or doubtful results [6]. Gradually, with the improvement in
the methods of recognizing an object (disease), an increasing
number of signs are included, leading to direct recognition of
objects by a person or a neural network [7, 8].

Therefore, this study aimed to improve the accuracy of
diagnostic radiographic findings of focal changes in the spine
using an additional image evaluation by computer analysis
algorithms.

MATERIALS AND METHODS
Study design

This was a single-center retrospective study. A total
of 30 patients were included in this study. MRI data of the
patients with focal changes in the spine were independently
analyzed by two radiologists with >10 years of experience. If
the conclusions of the radiologists coincided, the results of
the images were divided into three groups (hemangiomas,
metastasis, and normal bone marrow), after which they
were subjected to radiomic analysis with the identification of
features characteristic of each group.

Terms and conditions

MRI images were retrospectively analyzed on the
workstation “P0O Vidar” (Russia). Images were analyzed using
the specialized software “Radiomica Applata” (Germany).
MRI examinations were performed using standard protocols
approved by the Russian Scientific Center of Roentgenology
and Radiology (Moscow).

Methods for assessing target indicators

Research methods
The diagnostic algorithm used MRI from devices from
various manufacturers (Aera, Siemens, Germany; Atlas,
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Canon, Japan) with a magnetic field strength of 1.5 T. All
patients with cancer underwent bone scintigraphy within
the examination protocol. All studies were independently
evaluated by two radiologists with >10 years of experience
to increase the significance.

Analysis methods

The key MRI sequence for radiomic analysis was T,-
weighted images, and T,-weighted images and short tau
inversion recovery (STIR) were used as auxiliary ones.
After image normalization, a pixel-by-pixel analysis was
performed with an assessment of the shape and an analysis
of the histograms of the image brightness distribution [9].
When using these algorithms, sufficient homogeneity of the
object is considered an important parameter. However, this
requirement is strong but not always appropriate for many
applications. Thus, as it should be in diagnostics, especially
in differential diagnostics, additional information about the
object should be included while limiting applicability [10].

On the desktop of “Radiomica Applata” (Germany, a
proprietary design of IT researchers), the object under
study was isolated in the histogram mode, which displays
the frequency of occurrence of brightness graphically in the
grayscale and enables setting the upper and lower threshold
values. For example, when analyzing a hemangioma, if the
corresponding brightness window is taken on the histogram,
poorly distinguishable objects of a homogeneous structure
can be selected (Fig. 1).

As the next extension of the object description,
angiogenesis of breast cancer (BC) metastases was
used, which has an additional property, namely, a chaotic
pathological growth of the vascular network, compared
with normal tissue. This determines the image complexity,
where the object appears to be more chaotic, i.e., less
complex than another, if the sum of boundaries of the parts
of its components is less than that of the other under the
same measurement conditions. The sum of the boundaries
is calculated by the action of the gradient operator on the
image under study, that is, a function of pairs of pixels
(Arzela operator).

For shape recognition and the use of other modalities,
neural networks with the architecture of a multilayer
perceptron were used with an input vector of 100 x 100 [11].
The examples described do not require an analysis of the
separability of the set of training images (Fig. 2).

In other cases, a self-learning Kohonen network was
used for this purpose. The following groups of main images
were taken to train the networks:

 Hemangioma.

+ Normal tissue.

+ Metastases.

Spondylocystitis and areas of fatty degeneration in the
vertebrae or the so-called fat deposits, namely, local focal
changes with a high-fat content in the presence of intact bone
marrow, were used as additional groups.
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Fig. 1. T, tse sag-hemangioma, highlighted with a window on the brightness histogram, which is shown on the right side of the figure.

Intermediate layer

Fig. 2. Multilayer perceptron for recognition in T,.

Note (here and in Fig. 3). hema — hemangioma, mts — metastasis, norm — normal tissue.

Ethical considerations

Ethical approval was waived due to the retrospective
nature of the study.

RESULTS

Participants

The results of the examination of 30 patients with focal
changes in the vertebral bodies of the thoracic and lumbar
spine were included in this study. Of the 30 patients, 15 had
morphologically verified BC with metastatic focal changes in
the bones, and 15 did not have a morphologically confirmed
diagnosis of a malignant neoplasm, and they were examined
due to nonspecific complaints of “pain or discomfort in the
spine.” The most diagnostically indicative foci were used in
the study. In this category of patients, hemangiomas of the
vertebral bodies (n=7) and areas of subchondral edema in
the vertebral bodies (n=5, 3 of them had spondylodiscitis)
were determined. Furthermore, for comparison, areas of
local delimited fatty degeneration of the bone marrow were

D0l https://doiorg/1017816/VT0322858

analyzed (n=5), and areas of unchanged vertebrae were
measured in five patients. A total of 40 measurements were
made in this study.

Primary results

The values of the ratios of light, medium, and dark
intensities were obtained when analyzing the intensities in
the studied objects. Dark sites were defined as microfoci or
the so-called calderas. The ratio of the average brightness
of an object (hemangioma, metastasis, or an area of
conditionally unaltered bone marrow) to the brightness of the
surrounding bone tissue of the vertebral body in grayscale
was chosen as a “histogram” assessment. Table 1 shows
the radiomic analysis results of hemangiomas. Table 2
shows the analysis of BC metastatic foci with the closest
possible clinical characteristics. In the table, microfoci
with brightness significantly higher than the average in
the region of interest were marked in yellow, those with
signal isointense (IS0) to the environment were marked in
red, and areas with reduced intensity compared with the
average were marked in green.
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Table 1. Results of radiomic analysis of hemangiomas depending on the operators used in T,WI sag mode

Description of Rol Arzela Rol Rol caldera Arzela data image Rol/ s_urroundmgs
of the surroundings in gray
Hemangioma-1, T,-sagittal 1.27
Gray 128 Gray 101
Ca 3,1
Hemangioma-1, T,-sagittal, subtotal 1.16
Gray Bv 135
Hemangioma-2, T,-sagittal 1.16
Gray Rv Gray D
Ca 2,2 Ay 0,03
Hemangioma, T,-sagittal 1.1
Gray B Gray Rv 123
Ca 4,5
Fatty degeneration, T,-sagittal 1.07
Gray Rv 132
Hemangioma-2, T,-sagittal - 1.17

The hemangioma manifested itself in increased
brightness compared with normal tissue, with a ratio of
1.11:1.27 in the cases discussed, increased structuredness
(multiple I1SO microfoci), and increased complexity (Arzela)
to normal tissue. Furthermore, cases of fatty degeneration
were reported, the main difference of which, compared
with hemangioma, was the environment. Our parameters
(intensity statistics, pattern complexity, and the presence of
microfoci, which might not be present) did not reflect the
environment and imaging mode (e.g., fat suppression) and
were thus only necessary but insufficient.

BC metastases appeared to be reduced in brightness
compared with normal tissue on a T-weighted image
with a ratio of approximately 0.9 (Table 2). Additionally,

D0l https://doiorg/1017816/VT0322858

a certain increase in image complexity was noted. The
caldera was distinctly elevated and varied from IS0 to
darkened, which is expressed as a percentage of the
total image area. The study results showed that the
main differential indicators of hemangioma, conditionally
normal areas of the bone marrow, and metastatic foci were
established. The Arzela image complexity operator was
approximately 0.07 for hemangiomas, approximately 0.05
for metastases, and approximately 0.04 for vertebrae. The
histogram brightness operator was approximately 1.12 for
hemangiomas and approximately 0.94 for metastases.
The difference between the indicators was about 20%-—
25% between hemangiomas and bone marrow and 35%
between metastases and bone marrow. Therefore, these
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Table 2. Results of T,WI radiomic analysis of breast cancer (PM}) metastases

BC metastasis 1 0.915
Gray B

BC metastasis 2 0.965

BC metastasis 3 0.945
Gray Rv

BC metastasis 4 0.88

BC metastasis 0.98

indicators can be effectively used together with other
markers.

Figure 3 shows the result of object recognition from
Fig. 1. The Arzela value was superior to that of the “normal”
adjacent tissue (leftmost image), which is typical for a
hemangioma. Additionally, the ratio of average intensity
to “normal” tissue, equal to 1.15, was characteristic of
hemangioma. The conditional probabilities of identifying
the object were indicated, from which the hemangioma

Ba 0,03

Gray By 1606

Gray Do 143

was recognized, with a conditional probability of 0.9 in
shape.

Furthermore, as a control measure, the same parameters
in the STIR MRI sequence were analyzed, which is considered
an important diagnostic component in the differential diagnosis
of focal changes in the spine. Here, the hemangioma also
manifested itself to be brighter than normal tissue, with a
ratio between 1.02 and 1.24 in the cases under consideration.
The increased structuredness and increased complexity of the

=

hema=0, 90
spon=0,02
norm=0,03

Fig. 3. The results of the analysis of hemangioma by the Artzel drawing complexity operator.
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Fig. 4. MRI of the lumbar spine in the sagittal projection.
T,WI, degenerative-dystrophic changes in a patient without an
oncological history. a) Zones of heterogeneous subcortical edema
are determined in the bodies of the vertebrae L, L, against the
background of a herniated disc. b) In the STIR mode, the severity
of edema appears to be reduced in relation to T,WI due to areas of
fatty degeneration and subcortical sclerosis.

Arzela operator in relation to normal tissue were important
established criteria.

The image analysis operators used did not reveal
significant differences in the differential signs of the
presented edema and vertebral fat deposit cases. This is
probably due to parallel processes, where areas of fatty
degeneration with a reduced signal in STIR and uneven
zones of subcortical osteosclerosis are determined against
the subcortical peritrabecular edema (Fig. 4).

DISCUSSION

Computer analysis methods of images, such as radiomics,
texture analysis, and computer aid systems, have great
prospects. Some solutions are already being used in practice,
such as in screening for focal changes in the lungs, predicting
the results of treatment of brain tumors, and direct evaluation
of treatment efficiency of BC metastases [12—14]. Although this
study demonstrated a rather high efficiency in distinguishing
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between benign and malignant focal changes in the spine, this
can be due to the fact that the clinical cases most typical from
a radiographic point of view were analyzed in this study. In
practice, several parallel chronic processes pose the greatest
difficulty for radiologists in evaluating bones when changes
can overlap. Improving the diagnostic efficiency of the method
consists of cross-analysis of various sequences and operators
and search for new radiomic image markers, which requires
further research and a larger number of cases.

Some measurement errors may depend on the difference
in image filters implemented on devices from different
manufacturers. Thus, more cases and statistical analyses of
the results obtained are needed to increase the significance
of the results obtained.

CONCLUSION

The differential diagnostic criteria demonstrated in this
study, including data obtained using neural networks, are
necessary but insufficient from a mathematical point of view
and are advisory in nature. Medical specialists with experience
are still at the core of the decision-making system.
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