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METHODOLOGY OF PROCESSING MEDICAL IMAGES WITH
ASSESSMENT OF CRYSTALLINITY DEGREE OF RENAL
STONES

Introduction. Urolithiasis is one of the most common urological
diseases. The modern approach to the treatment of this pathology
involves the use of a wide range of minimally invasive surgical
interventions, the main stage of which is the destruction of the stone
with subsequent removal of its fragments. Preoperative diagnosis of
physicochemical parameters of kidney stones is of great practical
importance in the aspect of choosing a treatment method, especially in
the case of planning extracorporeal shock wave lithotripsy.

The aim of the study was to determine the peculiarities of
tomographic images of kidney stones with various structural features.

Materials and methods. The research consisted in the study of the
microstructure of stones removed as a result of minimally invasive
surgical interventions (extracorporeal shock wave, percutaneous and
ureteroscopic lithotripsy) in 63 patients with urolithiasis, by the method
of crystal-optical analysis on a polarizing microscope, with subsequent
digital analysis of their tomographic images, according to using the
Image] software package, with determination of the average pixel
intensity (PI) in the gray scale range of 0-250.

Results. During the crystal-optical analysis, it was established that
regardless of the mineral composition of the stone, the inorganic
components that make up its composition can be in an amorphous or
crystalline state. The structural types of kidney stones were determined
based on the determination of the volume fraction of the crystalline
phase (VFCP) in the structure of the urolith. When analyzing
tomographic images, it was found that kidney stones belonging to
different structural types were characterized by different average pixel
intensity (PI). A positive correlation between VFCP and PI was
established, as well as reliable differences in the PI indicator between
groups of stones of the first and third degree of crystallinity, which
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allows considering this indicator as a tomographic criterion of the degree
of crystallinity of a kidney stone, the determination of which is
expedient at the stage of choosing a lithotripsy method.

Conclusions. Detection of the structural state of renal stones during
tomographic examination could be performed with the methodology of
determining the pixel intensity index using ImagelJ software. In particular,
3 groups of renal stones can be distinguished according to pixel intensity:
grade 1 (84-124), grade 2 (125-165) and grade 3 (166-206). This
indicator is determined by the volume ratio of the amorphous and
crystalline phases of mineral compounds of kidney stones and should be
taken into account when choosing the optimal lithotripsy method.
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METOAUKA OBPOBKH MEINMYHUX 30BPAKEHb 3
OIIHKOIO CTYIIEHA KPUCTAJIIYHOCTI HHUPKOBHUX
KAMEHIB

Beryn. Cedokam'stHa XBopo0a € OJHUM 3 HAWOUTBII MOITHPEHIITINX
YpPOJIOTIYHUX 3axBoproBaHb. CydacHMH MigXiq IO JIKyBaHHS JaHOT
nepeadavae CICKTPY
MaJIOiIHBa3MBHUX OINEPATHBHUX BTPY4YaHb, OCHOBHUM €TallOM SIKUX €
JECTPYKIList
(parMeHTiB.

MaToJorii BUKOPHUCTAHHS HIMPOKOrO

KOHKPEMEHTY 3 IOCTiIyIOYMM BHJQJICHHSM  HOTO

[lepenomepariiina  miarHocTHka  (Hi3UKO-XIMIYHHX
rapaMeTpiB HUPKOBUX KaMEHIB MAa€ BAXIIMBE NPAKTHYHE 3HAYCHHS B
acmekTi BHOOpPY MeETOXNy JIKyBaHHSA, OCOOJHBO y pasi IDIaHyBaHHS
EKCTPAaKOPIOPATBHOI yJapHO-XBIIBOBOI JIITOTPHUIICI.

MeTa jgoCHiUKEHHS Tonsrana y BHU3HA4YEHHI ocoOimBoCTeH
ToMOorpadiuHuX  300paKeHb  HHUPKOBHX  KAaMEHIB 3  DPI3HHMH
CTPYKTYPHUMH OCOOJIMBOCTSIMHU.

Marepianin i meroau. JlociipkeHHS TMOJSrajo y BHBYEHHI
MIKPOCTPYKTYpH KaMeHIB, BHJAQIEHHX B pe3yjbTaTi IPOBEICHHS
MaJIOiIHBa3MBHUX OINEPATHBHUX BTPYy4aHb (€KCTPAKOPIOPAIBHOI YAapHO-
XBWJIBOBOI, TEPKYTaHHOI Ta ypeTepoCcKOmiuHOl JjitoTpurcii) y 63
MALi€HTIB 3 CEYOKaM STHOIO XBOPOOOIO, METOAOM KpPHUCTAJIOONTHYHOTO
aHai3y Ha MOJPU3ALifHOMY MIKPOCKOII, 3 TMOCTIIYFOUYUM HUPPOBIM
aHai30M iX ToMorpadiyHHX 300paskeHb, 3a JOMOMOTOI0 MPOTPAMHOTO
nakera Imagel, 3 BU3HAUeHHAM ITOKAa3HWKAa CEpPEeIHBOI IHTEHCHBHOCTI
nikcemiB (II1) y miama3zoHi cipoi mkamu 0-250.

[Ipu npoBeneHHI KPUCTAIOONTUYHOTO aHaji3y OyJio BCTaHOBJIEHO,
IO HE3aJeXHO BiJ MIHEPAIBHOTO CKJIQAy KaMEeHI0, HEOpTraHidHi
KOMITOHEHTH, sIKi BXOISTh JI0 HMOT0 CKJIaJy, MOXYyTh IepeOyBaTH B
amopdrOMy abo kpucTamiuHOMy cTaHi. Ha migcTaBi BuU3HAYSHHS
00'emHo1 yacTku kpucTanigHoi pazu (OUKD) y cTpyKTypi KOHKPEMEHTY
Oyyim BU3HaYeHi 3 CTPYKTypHI THIM HUpPKOBHX KameHiB. Ilpm anaimisi
TOMOTpa(iuHuX 300pakeHb OYJIO BUSBJICHO, IO HUPKOBI KaMeHi, sKi
HaJIeKall JI0 Pi3HUX CTPYKTYPHUX THIIIB XapaKTepH3YyBaJIUCS Pi3HOIO
BEJINUMHOIO cepeHbol inTeHcnBHOCTI mikceniB (II1). Bymna BctanoBnena
MO3UTHBHA KopessimiiHa 3anexHicth Mixk OUK® Tta II1, mo mo3soisie
PO3IIISIIATH JaHUM TMOKAa3HHWK K ToMOrpadidHWi KpUTEpill CTymeHs
KPHUCTATIYHOCTI HUPKOBOTO KaMEHIO, BU3HAYEHHS SIKOTO € JIOUITHbHUM Ha

eTari BUOOpy METOIY JITOTPHIICI].
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ABBREVIATIONS

MSCT - multispiral computed tomography
ESWL - extracorporeal shock wave lithotripsy
USL - uteroscopic lithotripsy

PNL - percutaneous nephrolithotripsy

INTRODUCTION

The last decade has characterized a significant
increase in obtained medical images from different
radiant (ultrasound, tomography, X-ray, and other) and
microscopical (cytological, histological,
immunohistochemical) method that
improve diagnostic measures and quality of treatment
together with development of noninvasive technology
[1-3]. Simultaneously that realized increasing burden

examinations

for medical specialists of different fields with the
necessity to have skills in image analysis, herewith
results of the analysis should be objective with escaping
human factor mistakes that perform conditions for more
widespread of computer vision and
artificial intellect systems with using of commercial and
non-commercial software [4, 5]. Such performance of
image analysis allows to organize distance consultation
that is crucial in pandemic time and time of war.
Urolithiasis is one of the most common diseases with

involvement

a recurrent course [6-8]. Modern protocols for the
treatment of this pathology involve the use of non-
invasive and minimally invasive methods, the principle of
which is the extra- or intracorporeal destruction of the
stone with the subsequent elimination of its fragments,
which include various types of lithotripsy: extracorporeal
shock-wave, percutaneous and ureteroscopic [9, 10].

The purpose of the work consisted in the
improvement of diagnostic quality of study of
urolithiasis by detection of tomographic signs of kidney
stones with different structural conditions.

VFCP - volume fraction of the crystalline phase
HU - Hounsfield Units

PI - pixel intensity

WL - window level

MATERIALS AND METHODS

The paper studied the peculiarities of tomographic
images of kidney stones of different structural types
obtained as a result of minimally invasive surgical
interventions for urolithiasis in 63 patients aged 2073
years (average age 46.4+8.5 years). At the stage of
preoperative  diagnosis, = multispiral  computed
tomography (MSCT) was performed on all patients on a
Toshiba Aquilion 16 multispiral computer tomograph.
Extracorporeal shock wave lithotripsy (ESWL) was
used as a treatment method for the stone in 31 (49.2%)
patients, in 17 (27%) patients uteroscopic lithotripsy
(USL) was performed, 15 (23.8%) patients underwent
percutaneous nephrolithotripsy (PNL). The obtained
fragments of kidney stones were studied by the method
of crystal-optical analysis on a polarizing microscope
POLAM (Lomo), the structural state of the mineral
components of the stone and the degree of its
crystallinity were evaluated by calculating the volume
fraction of the crystalline phase (VFCP) its
composition. A crystalline phase was present in all
studied kidney stone samples; stones with a completely

in

amorphous structure were absent. The renal stones were
analyzed the axial or coronal plane, which
corresponded to the maximum linear size of the stone in

in

the native phase of the tomographic study.
Tomographic images of kidney stones
analyzed using the Radiant DICOM Viewer program by
a single radiologist. Hounsfield Units (HU) were used
for measure of the X-ray density of stones, where 1000

were
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HU corresponds to the density of air and 0 HU to the
density of water. Digital analysis of the tomographic
image of the stone was carried out using the Imagel
software package, based on the calculation of the
average pixel intensity (PI) in the grey scale range 0—
250 [11, 12]. For the purpose of standardization, the
images were analyzed at an 8-fold magnification (Zoom
= 800%), in the viewing mode with a window level
(WL) corresponding to 700.

Statistical data processing was carried out using the
Statistica 12 program (StatSoft, USA). Median (Me),
first and third quartiles (Q1-Q3) were used as average
sample characteristics. The presence of correlation was
assessed using the Spearman method, the correlation
coefficient is presented in the form of r. The
significance of the differences was accepted at the level
of statistical significance of p<0.05.

The study was carried out in accordance with the
principles of the Declaration of Helsinki and was
approved by the ethics committee of "Regional Medical
Clinical Center of Urology and Nephrology named after
V.I. Shapoval". Patients were informed about the
purpose, methods, and design of the study and signed an
informed consent.

RESULTS

During the crystal-optical analysis of urinary stone
samples, it was established that regardless of the
mineral composition of the stone, the inorganic
components included in its composition are in an
amorphous or crystalline state. Depending on the
volume ratio of amorphous and crystalline phases, 3
structural types of kidney stones were determined.
Structural type A: amorphous-crystalline structure, with
a predominant content of an amorphous phase (VFCP <
50% by volume), microscopically represented by an
amorphous component with single crystallization

a)

centers and fine-crystalline inclusions. Structural type
B: amorphous-crystalline structure, with a predominant
content of the crystalline phase (VFCP > 50% by
volume), mainly represented by a fine crystalline mass,
among which there are formed grains of crystals with
different degrees of transparency. Structural type C:
there is no amorphous phase, the sample is completely
represented by crystalline phases (VFCP = 100%vol),
the main components of which are formed crystals in
the form of grains with characteristic structural features,
depending on the type of mineral.

During the visual evaluation of the tomographic
images of stones of different structural types, a different
degree of their color saturation was revealed. The color
heterogeneity of wurinary stones clearly
differentiated in viewing modes in which the WL value
was in the range of 650—750. For quantitative analysis
and objectification of color characteristics of images,
the ImagelJ program was used, which was developed by
the National Institute of Health (USA) and is used for
digital processing of medical images [13, 14].

was

In this study, when analyzing tomographic images of
urinary stones using the ImageJ software, it was found
that of different types
characterized by different values of the average pixel
intensity (PI) (Fig. 1-3).

As the quantitative presence of the crystalline phase
in the stone structure increased, an increase in the
average intensity of pixels in its tomographic image was
observed. When conducting a correlation analysis, a
statistically significant positive relationship was found
between the indicators of VFCP and PI (p<0.05;
r=0.51), which allows us to consider the IP indicator as
a tomographic criterion of the structural state of a
kidney stone, which degree of
crystallinity of its mineral components.

stones structural were

characterizes the

b)

0 Intensity (unweighted)

N: 5603 Min: 23
Mean: 102.664 Max: 215
StdDev: 48.263 Mode: 57 (71)
Value: 234 Count: 0

Fig. 1. Tomographic image of a kidney stone (structural type A): 800x magnification, WL=700 (a) and its

corresponding ImageJ histogram (b)
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b)

L

25

0 Intensity (unweighted) 5
N: 1849 Min: 44
Mean: 151.420 Max 235
StdDev: 44.749 Mode: 131(23)
Value: — Count: —

Fig. 2. Tomographic image of a kidney stone (structural type B): 800x magnification, WL=700 (a) and the

corresponding ImageJ histogram (b)

a)

b)
[
0 Intensity (unweighted) 255
N: 7541 Min: 50
Mean: 200.655 Max: 253
StdDev: 43.397 Mode: 241 (152)
Value: 73 Count: 6

Fig. 3. Tomographic image of a kidney stone (structural type C): 800x magnification, WL=700 (a) and the

corresponding ImageJ histogram (b)

Based on the results of this study, the minimum and
maximum values of the average pixel intensity of
urinary stones were 84 and 206, respectively. The
proportional distribution of the values of this indicator
within the range made it possible to distinguish 3
degrees of crystallinity of kidney stones (Table 1).

Table 1. Distribution of degrees of crystallinity of
kidney stones depending on the average pixel
intensity of urinary stones

D f
egre§ (.) 1 degree 2 degree 3 degree
crystallinity
Pixel intensity | 84-124 125-165 166-206
DISCUSSION

The current trend in the treatment of urolithiasis is
the use of various types of lithotripsy, among which in
most patients with stone sizes less than 2 cm, ESWL is
considered as the first-line method [15, 16]. Among the

factors that affect the results of treatment, the fragility
of the stone is important, which depends on its
compositional and structural features [17]. Despite the
common belief that X-ray stone density (HU) is an
indicator of susceptibility to lithotripsy, in practice,
kidney stones with the same or similar HU values show
significant variability in the structure and hardness of
the material [18, 19].

The nature of stone fragmentation is determined by
the type and structural state of the mineral components
that make up its composition and is one of the factors
affecting the results of treatment [20, 21]. It is possible
to assess the structural and compositional features of
kidney stones by laboratory analysis of their samples
obtained as a result of the above-described treatment
methods, clinical practice, the
determination of the stone's physicochemical properties
at the stage of preoperative diagnosis is important.
Modern literature describes methods of identifying the
mineral components of kidney stones using dual-energy

however, in

tomography [22], but diagnostic criteria for their
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structural state have not been developed, which analysis of medical images to improve the quality of
determines the relevance of this direction of scientific diagnostics when using digital medicine and artificial
research. intelligence tools in vital systems.
Diagnostic measures are limited for investigation of CONCLUSIONS

organs of urinary systems and often require invasive Detection of the structural state of renal stones
manipulations for detection of morphological changes during tomographic examination could be performed
[23-25]. But it could be implemented with perfectibility with the methodology of determining the pixel intensity
of visualization, for example in our previous study, the index using ImagelJ software. In particular, 3 groups of
relationship between the structural state of the stone and renal stones can be distinguished according to pixel
its X-ray density in Hounsfield units (HU) was not intensity: grade 1 (84-124), grade 2 (125-165) and
established [26] and the determination of the volume grade 3 (166-206). This indicator is determined by the
fraction of the crystalline phase by polarization volume ratio of the amorphous and crystalline phases of
microscopy was carried out using the method of mineral compounds of kidney stones and should be
quantitative analysis of microscopic images [27, 28]. considered when choosing the optimal lithotripsy
Suggested methodology could be proposed in automatic method.

PROSPECTS FOR FUTURE RESEARCH

The prospect of further research is to determine the possibility of using the proposed method in automatic analysis
of medical images to improve the quality of diagnostics when using digital medicine and artificial intelligence tools.
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