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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 

ImageJ 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 ImageJ 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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МЕТОДИКА ОБРОБКИ МЕДИЧНИХ ЗОБРАЖЕНЬ З 

ОЦІНКОЮ СТУПЕНЯ КРИСТАЛІЧНОСТІ НИРКОВИХ 

КАМЕНІВ 

Вступ. Сечокам'яна хвороба є одним з найбільш поширеніших 

урологічних захворювань. Сучасний підхід до лікування даної 

патології передбачає використання широкого спектру 

малоінвазивних оперативних втручань, основним етапом яких є 

деструкція конкременту з послідуючим видаленням його 

фрагментів. Передопераційна діагностика фізико-хімічних 

параметрів ниркових каменів має важливе практичне значення в 

аспекті вибору методу лікування, особливо у разі планування 

екстракорпоральної ударно-хвильової літотрипсії. 

Мета дослідження полягала у визначенні особливостей 

томографічних зображень ниркових каменів з різними 

структурними особливостями.  

Матеріали і методи. Дослідження полягало у вивченні 

мікроструктури каменів, видалених в результаті проведення 

малоінвазивних оперативних втручань (екстракорпоральної ударно-

хвильової, перкутанної та уретероскопічної літотрипсії) у 63 

пацієнтів з сечокам’яною хворобою, методом кристалооптичного 

аналізу на поляризаційному мікроскопі, з послідуючим цифровим 

аналізом їх томографічних зображень, за допомогою програмного 

пакета ImageJ, з визначенням показника середньої інтенсивності 

пікселів (ІП) у діапазоні сірої шкали 0–250. 

При проведенні кристалооптичного аналізу було встановлено, 

що незалежно від мінерального складу каменю, неорганічні 

компоненти, які входять до його складу, можуть перебувати в 

аморфному або кристалічному стані. На підставі визначення 

об'ємної частки кристалічної фази (ОЧКФ) у структурі конкременту 

були визначені 3 структурні типи ниркових каменів. При аналізі 

томографічних зображень було виявлено, що ниркові камені, які 

належали до різних структурних типів характеризувалися різною 

величиною середньої інтенсивності пікселів (ІП). Була встановлена 

позитивна кореляційна залежність між ОЧКФ та ІП, що дозволяє 

розглядати даний показник як томографічний критерій ступеня 

кристалічності ниркового каменю, визначення якого є доцільним на 

етапі вибору методу літотрипсії.  
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Висновки. При визначенні структурного стану ниркових 

каменів під час томографічного дослідження може бути 

використана методологія визначення показника інтенсивності пік 

селів за допомогою програмного забезпечення ImageJ. Зокрема 

можуть бути відокремлені 3 групи ниркових каменів відповідно до 

інтенсивності пікселів: 1 ступеню (84–124), 2 ступеню (125–165) та 

3 ступеню (166–206). Даний показник залежить від об’ємного 

співвідношення аморфної та кристалічної фаз мінеральних сполук 

ниркового каміння та має бути врахованим при виборі 

оптимального методу літотрипсії. 

Ключові слова: нирковий камінь, морфологія, кристалічність, 

медичне зображення.  
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ABBREVIATIONS 

MSCT - multispiral computed tomography  

ESWL - extracorporeal shock wave lithotripsy 

USL - uteroscopic lithotripsy  

PNL - percutaneous nephrolithotripsy 

 

 

VFCP - volume fraction of the crystalline phase  

HU - Hounsfield Units 

PI - pixel intensity 

WL - window level  
 

 

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 examinations that 

improve diagnostic measures and quality of treatment 

together with development of noninvasive technology 

[1–3]. Simultaneously that realized increasing burden 

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 involvement 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 

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. 

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 20–73 

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) in its 

composition. A crystalline phase was present in all 

studied kidney stone samples; stones with a completely 

amorphous structure were absent. The renal stones were 

analyzed in the axial or coronal plane, which 

corresponded to the maximum linear size of the stone in 

the native phase of the tomographic study. 

Tomographic images of kidney stones were 

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 
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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 ImageJ 

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 

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 urinary stones was 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 ImageJ program was used, which was developed by 

the National Institute of Health (USA) and is used for 

digital processing of medical images [13, 14]. 

In this study, when analyzing tomographic images of 

urinary stones using the ImageJ software, it was found 

that stones of different structural types were 

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 characterizes the degree of 

crystallinity of its mineral components. 

 

 

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

corresponding ImageJ histogram (b) 

 

 

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 

Degree of 

crystallinity 
1 degree 2 degree 3 degree 

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, however, in 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 

tomography [22], but diagnostic criteria for their 
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structural state have not been developed, which 

determines the relevance of this direction of scientific 

research. 

Diagnostic measures are limited for investigation of 

organs of urinary systems and often require invasive 

manipulations for detection of morphological changes 

[23–25]. But it could be implemented with perfectibility 

of visualization, for example in our previous study, the 

relationship between the structural state of the stone and 

its X-ray density in Hounsfield units (HU) was not 

established [26] and the determination of the volume 

fraction of the crystalline phase by polarization 

microscopy was carried out using the method of 

quantitative analysis of microscopic images [27, 28]. 

Suggested methodology could be proposed in automatic 

analysis of medical images to improve the quality of 

diagnostics when using digital medicine and artificial 

intelligence tools in vital systems. 

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 ImageJ 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 

considered when choosing the optimal lithotripsy 

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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