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OPUT'MHAJIBHAA CTATBHA

THE CONSTITUTION SYSTEM OF DIAGNOSTIC CHARACTERS USING
OUTCOME ANALYSIS OF BOUNDARY CIRCULAR-SHAPED MASSES IN LUNGS

Molodkin I.V.14, Yakunin A.G.¢, Shayduk A.M.3, Konovalov V .K .23,
Ostanin S.A.43, Leonov S.L.¢, Borisenko O.V.1:3

urpose. The article investigates the possibility of using the information about the

images contour characteristics of pathological spherical formations in lungs for dif-

ferential illness diagnosis.

Materials and methods. The two-dimensional array of densitometric parameters
obtained during the processing of tomographic medical images of patients with verified di-
agnoses of lung diseases (cancer and tuberculosis, 49 and 26 patients respectively) was
analyzed. The technique of constructing the contours of images of such formations is devel-
oped. To introduce quantitative characteristics of the contour, the conditional center of
mass of the pathology image is calculated and two one-dimensional signature functions are
constructed: of the radius-vector module drawn from the center of the image of the spherical
formation to its boundary, as well as the polar angle of rotation of the radius-vector. The ar-
gument of both functions is the conditional number of the pixel belonging to the path. With
the help of spectral analysis of the signature function, such characteristics of contours as
spectral entropy, multiplicity, number of local maximums, signature functions of the polar
angle of rotation of the radius vector are proposed and calculated in the paper. The statisti-
cal significance of differences in values of these characteristics of contours of spherical for-
mations in different diseases (cancer and tuberculosis) was analyzed.

Results. There were statistical differences in the characteristics of the contour for
different pathologies proposed in the work, which can allow to perform differential diagnosis
of the investigated lung diseases.

Conclusion. The obtained quantitative characteristics of the spherical formations in
lungs can enter the system of assistance to the doctor in diagnosis. It should be remem-
bered that there is no single diagnostic feature based on the quantitative characteristic of
the image, which would immediately determine the type of pathology. Only a set of such fea-
tures will allow to carry out high-quality diagnostics.
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CUCTEMA POPMUPOBAHUA AUATHOCTUHECKUX NMPU3HAKOB NO
PE3YALTATAM AHAAU3A KOHTYPA LUAPOBUAHBIX OBPA3OBAHUIA AETKUX

MoOAOAKMH N.B.14, AkyHWMH AT, LUamayk A.M.3, KOHOBOAOB B.K .23, OcTaHMH C.A 45,
AeoHos C.A.¢, bopmcerko O.B.13

enb. MccaemoBaTh BO3MOIXKHOCTB UCIIOAB30BAHUSA MH(OPMAIIMH O CBOMCTBAX KOH-
TYypPOB U300pakKeHHUM ITaTOAOTHUECKUX IITapOBUAHBIX 00pa30BaHUM AETKHUX B IIEASIX
oudppepeHITNAABPHON TUATHOCTUKH 3a00A€BAHUH.

Marepuaner u Meronasl. [IpoaHaAn3upPOBaH ABYMEPHBIM MAaCCHUB JIE€HCUTOMETpPUYE-
CKHUX TIOKa3aTeAell, MOAy4YeHHbIH Hpu 00paboTKe TomMorpaduyecKux MeIHUIITMHCKUX Hu300pa-
JKEeHUU MalUeHTOB C BEPUMPHUIIMPOBAHHBIMU AHUArHO3aMu 3aboAeBaHUM AETKHX (pakK U TybOep-
KyAe3, 49 u 26 mallMeHTOB COOTBETCTBEHHO). PazpaboTaHa MeToAUKa IOCTPOEHUS KOHTYPOB
u300paskeHnil Takux obpasoBanuii. [Iasd BBeIEeHUS KOAMYECTBEHHBIX XapPaKTEPUCTUK KOHTY-
pa paccuuTaH YCAOBHBIN IEHTP MacC U300pakeHUd MaTOAOTHH U IOCTPOEHBI ABE OIHOMEP-
Hble (OYHKIIMH-CUTHATYPBI: MOJAYAS paauyca-BeKTopa, ITPOBEAEHHOTO U3 IEHTpPa H3o00pazke-
HUS IIAPOBHAHOIO 00pa30BaHUsS K €r0 TPAHUIlE, a TAKIKe ITOATPHOTO yraa II0OBOPOTa paguyca-
BeKTOpa. ApryMeHTOM o0enx (OyHKIIHH SIBASIETCS YCAOBHBIM HOMED IIMKCeAa, IIPUHAIAeKalIle-
ro KOHTypy. C IIOMOILIBI0 CIIEKTPAABHOTO aHaau3a (PyHKIIUH-CUTHATYpPbI B paboTe IIpenaoke-
HBI U pacCUUTaHbl TaKHe XapaKTEePHUCTHKU KOHTYPOB, KaK CIIeKTpasbHad SHTPOMIUS, MyABTH-
IIA€THOCTBH, KOAUYECTBO AOKAABHBIX MAKCHUMYMOB, (DYHKIIMH-CUTHATYPBI IOASPHOIO yraa Io-
BOpoTa panuyca-BekTopa. IIpoBeneH aHaAu3 CTATHCTHUYECKON 3HAYMMOCTU pasAnuduil 3Hade-
HUIl 5TUX XapaKTEPUCTHK KOHTYPOB IIAPOBUIOHBLIX 00pa3oBaHUN IPH pa3AWYHBIX 3aboseBa-
HUGX (pak U TyOepKyaes).

Peaynabrarer. OOHapy:KEHbI CTATUCTUUYECKHUE PA3AHYHS ITPEIAOKEHHBIX B paboTe xa-
PaKTEepUCTUK KOHTYpa [OAd PA3AMYHBIX IIATOAOTHM, YTO MOXKET II03BOAUTBH OCYIIIECTBASITH
oudpepeHIIHaABHYIO JUATHOCTUKY UCCA€JOBAHHBIX 3a00A€BAHUH AETKHUX.

3axawuenue. [ToAydeHHbIE KOAUYECTBEHHBIE XapaKTEPUCTHUKHU IIIAPOBUIHBIX 00pa3o-
BaHU AETKHUX MOTYT BOMTH B CHCTEMY IIOMOIIH Bpady B IIOCTAaHOBKE AuarHo3a. Heob6xomumo
IOMHUTB, YTO HE CYIIECTBYeT €IUHCTBEHHOTO JUATHOCTUYECKOTO IPU3HAKA, OCHOBAHHOTO Ha
KOAMYECTBEHHOM XapaKTEepPUCTHUKE HU300pazkeHHs, KOTOPBIH ObI Cpa3y II03BOAHA OIIPEAEAHUTH
THI TATOAOTHHU. AWINBL COBOKYITHOCTH ITOAOOHBIX ITPHU3HAKOB II03BOAHT MPOBOAUTH Kade-
CTBEHHYIO JUATHOCTHUKY.

KarouyeBble caoBa: KOMIIbIOTEpHAad ToMorpadus, MeIUIIMHCKUE N300pasKeHNd, XapaK-
TEePHUCTHUKH KOHTYpa, nuddepeHIInasbHad IUarHOCTHKA, pakK, TyOepKyaés.
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ntroduction.

Medical images of lung diseases are usually

diagnosed with qualitative description, often

ambiguous. The radiologist, considering

such images, analyzes their features relying
on their diagnostic experience, which is supported
by objective quantitative characteristics of the im-
age only to a small extent [1-6].

The main quantitative characteristic ob-
tained by the diagnostician during computer to-
mography is Hounsfield numbers belonging to cer-
tain voxels. Image processing programs report the
diagnostician of the densitometric values for the
selected area of interest and their statistical char-
acteristics (usually, the mean value and the
standard deviation). As a rule, the last two char-
acteristics are not enough to diagnose correctly. In
most cases, it is impossible to make the correct
diagnosis based on just one statistical character-
istic of the Hounsfield numbers totality for the
medical image, and it is required to increase the
number of objective characteristics that will allow
differential diagnosis of diseases [7-11].

In addition to assessing the densitometric
characteristics of the main area of interest, the
radiologist pays great attention to the contour of
the image of the spherical formation in the lung
(SFL). Externally, diagnosticians divide them into
"smooth", "scalloped", "bosselated", etc. [12-17].
From this we can conclude that the radiologist
perceive the characteristic look of the contour of
the SFL as a diagnostic parameter, but assesses
subjectively. Quantitative characteristics of the
contour should be presented and the dependence
of these contour characteristics on the type of dis-
ease should be assessed. Only in this case, it will
be possible to use this characteristic in differential
diagnostics using automated systems of assis-
tance to the doctor.

The paper calculates and uses quantitative
characteristics of the image contours of the area
of interest for patients with verified diagnoses and
performs a statistical analysis of the dependence
of these characteristics on the type of disease.
This can make it possible to use the obtained
characteristics for automated differentiation of the
type of pathology in the lung with a more reliable
diagnosis.

Materials and methods.

For the study, a database of patients with
verified diagnoses was created: lung cancer and
tuberculosis. The specialists of the RSHI "Diag-
nostic Center of Altai Krai" confirmed the diagno-
sis of patients undergoing examination on CT
scanners. Confirmation of the lung cancer diagno-
sis was carried out by the histologist, and to con-
firm the tuberculosis diagnosis, culture sputum
from the lungs was carried out.

Patients were scanned on a computer tomo-
graph Asteion 4 (Toshiba Medical Systems). The

| www.rejr.ru | REJR. 2019; 9 (3):79-85
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scanning pitch was 2.0 mm, the voltage and cur-
rent on the tube amounted to 80 kV and 160 mA
respectively, the convolution kernel was FCO1.
Matrix was of 512x512 elements, DFOV 40x40
cm. Reconstruction of sections with thickness of 2
mm, pixel size of 0.4x0.4 mm was carried out.
Visual analysis of images was carried out on the
professional monitor PA301W (Japan), screen di-
agonal was 29.8 inches, resolution 2560x1600
pixels.

Visualization of medical images was carried
out using the Merg eFilm Workstation© program,
with the help of this program, the radiologist ana-
lyzed the medical image: found the focus of pa-
thology, estimated the scale and the necessary
volume in which the mentioned focus is enclosed.
Then, the patient's data were processed in the
Rentgenolog+ program [18] which converted the
data of the area of interest from the DICOM for-
mat to a text file containing a rectangular matrix
of Hounsfield numbers (densitometric densities in
each voxel of the studied section). The area of in-
terest (now it is a rectangular matrix of numbers)
is considered by a doctor and physicist to select
the optimal boundaries of the program workspace,
as it is necessary that the entire contour was in-
cluded in the selected area and, if possible,
though not always achievable, did not touch the
boundaries of that area. The area of interest was
usually chosen so that on each section (i.e. in
each rectangular matrix of numbers) there was
one focus of disease.

A set of sections of the tomographic image
containing the entire volume of SFL of the patient
under study was obtained for each patient. As-
suming that these sections contain information
about the patient's disease, each section will con-
tain this information separately. Thus, the data-
base consisted of 982 sections for cancer (taken
from 49 patients) and 493 for tuberculosis (taken
from 26 patients).

A rectangular matrix of Hounsfield numbers
for each section was used to construct the contour
of spherical formations in lungs (SFL). A visual
evaluation of the contour was performed on the
reconstructed image, and the value of the densi-
tometric indicator corresponding to the voxel of
the studied contour was chosen according to the
doctor (Z0). After that, all voxels which densito-
metric values are more than Z0O were assigned the
value of 1, and those voxels which value is less
than Z0 were assigned the value of 0. The problem
of automating the selection of the ZO contour
boundary has not been satisfactorily solved yet. It
is easy to create a program for automatic selection
of the pathology contour boundary, but we believe
that for now, the doctor makes it more reliable.
Thus, according to the threshold value of Z0O, the
separation of SFL from other tissues by densito-
metric indicator was achieved. The selected ZO
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Fig. 1 (Puc. 1)

Fig. 2 (Puc. 2)

Fig. 1. Sample binary image.

Puc. 1. O6paseL, GUHAPHOro U306 pPAXKEHUS.

Fig. 2. Example of "loops" forming in a CSM con-
tour and its description in polar coordinates.

Puc. 2. MNpumep oOPMHUPOBAHUS (NETEAb) B KOH-
Type CSM U ero onucaHue B NMOASIPHbIX KOOPAM-
HaTax.

value was applied to all the sections of the patient.
The result is a binary image from the source im-
age, in which the boundary of the contour is al-
ready clearly represented (Figure 1). Figure 1
shows a visual binary image of the area of inter-
est, which shows the contour of the SFL (i, j — co-
ordinates overlaid on the image).
_ Xiz(ij) _ XJZ))
¢ Xz 't Xz )

In (1), Z (i, j) is the densitometric indicator of
the tissue at the point of the flat section with the
coordinates i, j, and summation occurs for all in
and jn.

The values of the radius-vector module R(n)
and the polar angle @(n) (2, 3) were calculated for
this vector:

Rm) = J(p —x)? + (i — x)3n =1..N;

@(n) = arccos (;’;—’;),n =1..N.
(2), (3)

This procedure was performed automatically
for each contour by a program written in the Ma-
ple © mathematical package environment. A set of
the radius-vector modules R(n) and polar angles
@(n) was named signatures of the selected contour
[19]. Based on the received signatures, it was pos-
sible to enter quantitative characteristics of the
features of the studied contours.

For more information on the quantitative
characteristics of medical image contours we
used, see article [20]. In particular, one of the
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methods is based on the calculation of the spec-
tral power density of the centered radius signa-
ture. This power density helps calculate the en-
tropy H(S(k)) for harmonics k of radius signatures
(4).

H(S) = ~ Tty S(k) - In (k)
(4)

When using the second signature — angle
®(n), one can get another quantitative characteris-
tic of the contour: the number of local maximums
M, which corresponds to the change in the direc-
tion of rotation of the radius-vector R(n). In addi-
tion, in our study, the maximum S(k) value of the
normalized spectral power density and the value
of the entropy product H(S) and number of local L
maximums were taken as the SFL contour charac-
teristic, as we thought these characteristics could
"react more sharply" to the type of disease. Local
maximums are formed by passing the radius-
vector along the contour in areas similar to those
shown in Figure 2 (the area is highlighted by a
circle).

The center of mass of the figure was defined
as follows:

This path changes the direction of motion of
the radius-vector along the left part of the selected
area of the contour, thus, a "loop" is obtained.
Very often, anatomically, the presence of a loop
indicates the presence of a vessel entering the ar-
ea of pathology and can serve as a diagnostic sign.

The number of such "loops" will be denoted
as L and the characteristic obtained in the ratio
(5) will be called multiplicity.
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M=1LxH(S)
)

The above characteristics, i.e. the entropy of
the signature of the contour radius-vector, multi-
plicity, the maximum value of the normalized
spectral power density, and the number of local
maximums, were calculated by the values of the
densitometric indicator of each voxel belonging to
the contour.

Calculations were performed automatically
on a personal computer using programs written in
Maple© and LabVIEW®© [21].

fied quantitative characteristics of the contours
are statistically indistinguishable for different
types of diseases. If the null hypothesis is accept-
ed, the proposed characteristics are not suitable
as diagnostic parameters.

The results of the Student's t-test are pre-
sented in Table 1.

Discussion.

It can be seen from the table that the Stu-
dent's t-test allows to reject the null hypothesis
for all characteristics, provided that the distribu-
tions of the studied characteristics are subject to
normal law. In this case, all the described charac-

Table Nel.

Values of the studied parameters for certain types of the disease.

Investigated parameters

The amount of local maximum, M

An entropy of the radius-vector signature, H

Multiplicity, MH

A maximum value of normative power of

spectral density, S

Type of disease

Cancer
Tuberculosis
Cancer

Tuberculosis

Cancer

Tuberculosis

Cancer

Tuberculosis

Standard error of
Mean value
the mean
5.789 0.174
5.012 0.098
1.337 0.014
1.117 0.011
7.797 0.259
5.758 0.140
0.573 0.006
0.647 0.004

For non-parametric statistic test, we used the Mann-Whitney test, the results are presented in Table 2.

Results.

All the characteristics were analyzed for
normal distribution in the STATISTICA© program
by the Shapiro-Wilk test and it turned out that
these samples were not likely to be taken from
normal distribution (in common terms, the nor-
mality test was not passed). This test for the en-
tropy of harmonics radius-vector signatures is
graphically presented below (Figure 3). Visually,
we saw similarities to normal distribution and it
seemed strange to us. However, a statistical as-
sessment using the chi-squared test also argues
that it is unlikely that the characteristics studied
belong to a normal distribution. In this regard, it
was proposed to test the possibility of using the
studied characteristics for differential diagnostics
of the SFL using parametric (due to visual similar-
ity with normal distribution) and non-parametric
statistics (due to lack of normality).

The null hypothesis consisted in the belong-
ing of the studied parameters for different verified
diagnoses to one general population, i.e. the speci-

| www.rejr.ru | REJR. 2019; 9 (3):79-85
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teristics of the contour can be diagnostic parame-
ters.

The Mann-Whitney test was used for verifi-
cation by non-parametric method, the results of
which are shown in Table 1.

As can be seen from Table 1, now the result
of verification of the null hypothesis on the possi-
ble belonging of the studied parameters of one
general population to another one is ambiguous.
Only the last three characteristics for these dis-
eases are statistically distinguishable and can
serve as diagnostic parameters. According to the
Mann-Whitney test, the "number of local maxi-
mums' parameter has too much probability of
type I error (more than Pcrit=0.035).

As a result, it can be seen that the charac-
teristics studied can be used in the differential
diagnosis of SFL. However, the "amount of local
maximum" characteristic requires additional re-
search. The proposed system for the formation of
diagnostic signs has proved its viability and can
be safely applied in clinical practice of radiation
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Table Ne2. Results of testing the null hypothesis (STATISTICAQ)
N The probability of type I
. o The probability of type |
Investigated parameters t-statistics error for the Mann-
error for the t-test .
Whitney test
The amount of local maximum, M 2.82 4.9x107 0.14
An entropy of the radius-vector signature, 8.57 0 0
H

Multiplicity, MH 5.01 0 0

A maximum value of normative power of 7.43 0 0
spectral density, S

diagnosis.

Conclusion.

* Without using the hypothesis about the
normality of the contour characteristics (it is not
statistically confirmed), the "number of local max-
imums" parameter has too much probability of
type I error (0.14), i.e. it cannot be argued that it
is statistically distinguishable for different diseas-
es. This circumstance does not allow this parame-
ter to be used in differential diagnostics.

* The remaining three parameters for differ-
ent diseases are statistically distinguishable and
can be used for differential diagnosis.

* When making a diagnosis, it is necessary
to rely on the indications of a set of diagnostic pa-
rameters, this approach can be implemented in
automated systems of assistance to the doctor. At
the moment, there is a set of parameters available
for the system of assistance to the doctor, which
include both already well studied: densitometric
indicator, RMSD of densitometric indicator, and
new: fractal dimension, entropy of the contour ra-
dius-vector signature, the number of local maxi-
mums, multiplicity, the maximum value of the
normalized spectral power density. Increasing the
quantitative characteristics of medical images will
also improve the reliability of differential diagnos-
tics.

* The diseases considered in this article are
not the only ones where studies of images of local
manifestation of pathology are used. The charac-
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