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Abstract. The aim: to study the X-ray density index (HU) in calcium-containing 

urinary stones with different structural and compositional features.  

The structural and compositional features of 118 samples of calcium-containing 

urinary stones, which were obtained as a result of extracorporeal shock wave 

lithotripsy, percutaneous nephrolithotripsy and ureteroscopic lithotripsy in patients 

with kidney and ureteral stones were studied. The structural features of the stones 

were evaluated by conducting a crystal-optical analysis, during which the linear 

dimensions, shape, color and degree of transparency of crystalline elements were 

estimated, and the volume fractions of the amorphous and crystalline phases in the 

sample structure were calculated. The compositional features of kidney stones were 

studied on the basis of a qualitative and quantitative assessment of their mineral 

composition by infrared spectroscopy. X-ray density of calcium-containing kidney 

stones was assessed based on the data of computed tomography without contrast, 

which was performed in all patients in the preoperative period.  

Structural and compositional features of calcium-containing urinary stones are 

characterized by the presence in their composition of calcium oxalate compounds in 

the form of vewellite and weddelite, as well as calcium phosphate in the form of 

apatite, hydroxylapatite, fluorapatite, carbonate apatite, which, depending on the 

stage of crystallization, can be in amorphous, amorphous-crystalline or crystalline 

state. The X-ray density of this type of urinary stones, according to multislice 

computed tomography, corresponds to the range of 1090-1785 HU. There is a direct 

correlation between the level of X-ray density of the stone and the volume fraction of 

the crystalline phase in its structure. 
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Резюме. Мета – вивчити показники рентгенівської щільності (HU) 

кальцієвмісних сечових конкрементів із різними структурно-композиційними 

особливостями. 

У роботі вивчено структурно-композиційні особливості 118 зразків 

кальцієвмісних сечових конкрементів, які отримані в результаті проведення 

екстракорпоральної ударно-хвильової, перкутанної та уретроскопічної 

літотрипсії у пацієнтів із конкрементами нирок та сечоводів. Структурні 

особливості конкрементів оцінені шляхом проведення кристалооптичного 

аналізу, в процесі якого оцінені лінійні розміри, форма, колір та ступінь 

прозорості кристалічних елементів, розраховано показники об'ємної частки 

аморфної та кристалічної фаз у структурі зразка. Композиційні особливості 

ниркового конкремента вивчені на підставі якісної та кількісної оцінки їх 

мінерального складу методом інфрачервоної спектроскопії. Рентгенівська 

щільність (HU) кальцієвмісних ниркових конкрементів оцінювалася на 

підставі даних комп'ютерної томографії без контрастування, яка 

виконувалася всім пацієнтам у передопераційному періоді.  

Структурно-композиційні особливості кальцієвмісних сечових конкрементів 

характеризуються наявністю в їх складі сполук оксалату кальцію у вигляді 

вевеліту і веделіту, а також фосфату кальцію у вигляді апатиту, 

гідроксилапатиту, фторапатиту, карбонатапатиту, які, залежно від стадії 
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кристалізації, можуть бути на кристалічному стані. Рентгенівська 

щільність даного виду сечового конкремента, за даними мультиспіральної 

комп'ютерної томографії, відповідає діапазону 1090-1785 HU. Є пряма 

кореляційна залежність рівня рентгенівської щільності конкремента та 

об'ємної частки кристалічної фази у його структурі. 
 

Introduction. Urolithiasis is a global health burden with 

a high economic cost to health systems. Its prevalence in the 

modern population, according to various epidemiological 

studies, is 5 -13% [1]. 

Currently, a wide range of non-invasive and minimally 

invasive treatment methods based on stone fragmentation - 

extracorporeal shock wave lithotripsy (ESWL), percutaneous 

nephrolithotripsy (PNL), ureteroscopic lithotripsy (URL) are 

used for these patients treatment [2]. The correct choice of 

lithotripsy in each specific case determines its further 

effectiveness and patient satisfaction with the treatment [3]. 

According to the recommendations of the European 

Association of Urology (EAU), the main criteria that 

determine the choice of the appropriate treatment method are 

the size and localization of the calculus in the urinary system 

[4]. An additional parameter that influences the results of 

treatment, especially when performing SWL, is the hardness 

of the calculus, which is determined by its mineral 

composition. Stones consisting of uric acid salts easily give in 

to fragmentation, cystine stones are the hardest and most 

resistant [5]. Calcium-containing urinary stones in practice 

often show different susceptibility to shock wave effects [6]. 

A possible reason for this phenomenon may be the features of 

the stones, which are determined by the different structural 

state of the inorganic components that make up their 

composition. Evaluation of the structural and compositional 

features of the urinary calculi at the stage of choosing the 

method of lithotripsy is appropriate in terms of predicting its 

results. 

The most acceptable methods for studying the 

physicochemical parameters of a stone are infrared 

spectroscopy and X-ray diffraction [7]. Their significant 

drawback is that stones are analyzed only after they have been 

removed, so the search for possible methods for determining 

the mineral composition of the stone, as well as the structural 

state of its components at the stage of treatment planning is of 

great practical importance. 

The purpose: to study the X-ray density index (HU) in 

calcium-containing urinary calculi with different structural 

and compositional features. 

Materials and methods. 118 samples of calcium-

containing urinary calculi obtained after ESWL, percutaneous 

nephrolithotripsy and ureteroscopic lithotripsy in patients with 

kidney and ureteroliths were studied. All the patients under 

exanimation were treated at Regional Medical Clinical Center 

of Urology and Nephrology n.a. V.I. Shapoval (Kharkiv, 

Ukraine).  

Structural features of urinary calculi were assessed by 

crystal optical analysis on a polarizing microscope POLAM 

(LOMO), using immersion liquids. Based on the principles of 

quantitative analysis of microscopic images [8], using the 

microscope eyepiece grid, the volume fraction of the 

amorphous phase (VFAP) and the volume fraction of the 

crystalline phase (VFCP) in the calculus were calculated. The 

linear dimensions, shape, color and degree of transparency of 

crystalline elements were also evaluated. 

The compositional features of renal calculi were studied 

by qualitative and quantitative assessment of their mineral 

composition by infrared spectroscopy (IRS) on an infrared 

spectrophotometer IKS-29 (LOMO), in the spectral range of 

4000 - 400 cm-1. The mineral composition of the calculi was 

estimated based on the identification of absorption bands 

characteristic of certain mineral compounds in the infrared 

range [9]. 

The density of calcium-containing renal calculi was 

assessed in Hausfield units (HU) by computed tomography 

without contrast, which was performed in all patients in the 

preoperative period. Toshiba Aquilion 16 multislice 

computed tomography was used. This indicator was 

calculated as the arithmetic mean of calculi density values in 

the central and peripheral zones, measured in the plane 

corresponding to its maximum dimensions. 

Statistical data processing was carried out using Microsoft 

Excel 2016 spreadsheets and Statistica 12 software (StatSoft, 

USA). Quantitative data are presented as M±δ, where M is the 

sample mean, δ is the standard deviation. An intergroup 

comparison of four independent samples was performed using 

Kruskal-Wallis’ test. The direction and strength of the 

relationship between the indicators were assessed using 

Spearman’s correlation coefficient. 

The research protocol was approved by the ethics 

committee of the Regional Medical Clinical Center of 

Urology and Nephrology named after V.I. Shapoval. Before 

the start of the study, all patients were informed about the 

aims, objectives and method of the study, after which they 

voluntarily signed the informed consent. 

Results and its discussion. Preoperative prediction of the 

calculi’s chemical composition is important for choosing the 

optimal treatment method. The issue of the possibility of using 

imaging diagnostic methods to identify the mineral 

components of renal calculi is vividly discussed in modern 

literature [10,11]. Computed tomography (CT) makes it 

possible to differentiate calculi composed of uric acid and 

calcium compounds (calcium oxalate, calcium phosphate) 

based on differences in their X-ray density [12]. However, the 

differentiation of calcium minerals among themselves on the 

basis of this indicator is difficult, due to the fact that calcium-

containing renal calculi often have a mixed composition [13]. 

In our study, infrared spectroscopy of kidney stone 

samples resulted in the identification of a wide spectrum of 

calcium-containing compounds composition: calcium oxalate 

in the form of monohydrate (wevellite) and dihydrate 

(weddelite), as well as calcium phosphate in the form of 

apatite, hydroxyapatite, fluorapatite, carbonate apatite (Table 

1).  

In most cases - 83 (70.3%) stones had a mixed mineral 

composition, represented by two or more mineral 

components. Most often - 72 (61%) - there were samples 
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Table 1 

The frequency of occurrence of calcium-containing 

mineral compounds in the composition of kidney stones 

Type of mineral Number of samples N, % 

Whewellite 89 (75.4%) 

Weddelite 30 (25.4%) 

Apatite 31 (26.2%) 

Hydroxyapatite 36 (30.5%) 

Fluorapatite 21 (17.8%) 

Carbonate apatite 15 (12.7%) 

 

consisting of vellite and apatite in various percentages. 

Depending on the quantitative presence of mineral 

components in the samples under analysis, urinary stones 

were divided into the following mineral types: 

I. Monocomponent calcium – oxalate calculi; 

II. Monocomponent calcium phosphate calculi; 

III. Mixed, with a predominant content of the oxalate-

calcium component (more than 50% of the sample.) calculi; 

IV. Mixed, with a predominant content of the phosphate-

calcium component (more than 50% of the sample). 

 The X-ray density of stones was studied with multislice 

computed tomography performed at the preoperative period. 

Its value varied from 1090 to1785 HU in the samples under 

analysis.  

An intergroup comparison of the average value of X-ray 

density among calcium-containing stones belonging to 

different mineral types, no significant difference was found, 

which does not allow to use this indicator as an indicator of 

the calculi mineral type at the preoperative period (Table 2). 

 

Table 2 

Comparative analysis of X-ray density indicators of 

various mineral types of calcium-containing urinary 

stones (P-Kruskal-Wallis) 

Mineral 

type of 

a stone 

I, n = 21 II, n=14 III, n=45 IV, n = 38 P 

X-ray 

stone 

density 

(HU) 

1476±123 

(1123-

1766) 

 

1383±293 

(976 -

1730) 

1598±130 

(1387-

1785) 

1499±118 

(1097-

1654) 

0.07 

 

Crystal-optical analysis of urinary calculi showed that 

regardless of the stone’s mineral type the inorganic 

components included in its composition were in an 

amorphous or crystalline state, which corresponds to various 

stages of the mineral crystallization process (Fig. 1).  

According to modern concepts, the amorphous phase in 

the structure of the calculus is a sign of an incomplete 

crystallization process and indicates a relatively young age of 

the stone [14]. In our study, urinary stone samples had an 

amorphous, amorphous-crystalline, and crystalline structure. 

To assess the degree of crystallinity of the sample, the volume 

fraction of the crystalline phase (VFCP) in its structure was 

calculated. When conducting a correlation analysis of the 

dependence of the X-ray density index (HU) and VFCP, a 

statistically significant dependence of a positive direction was 

revealed (p<0.05; r=0.77), i.e. with an increase in the 

quantitative presence of the crystalline phase in the structure 

of the calculus, the value of the densitometric index of its X-

ray density increases (Fig. 3). 

 

 
Fig. 1. Micrograph of a kidney stone in an immersion 

preparation. Incomplete crystallization process: amorphous 

wevellite in the form of an orange mass (1) with single 

spherical centers of crystallization (2) surrounded by an 

amorphous phosphate mass (3) 

 

 
Fig. 2. Micrograph of a renal stone in an immersion 

preparation. Completed crystallization process: large grains 

of crystalline wevellite with a characteristic banded texture 

 

 
Fig. 3.  Correlation dependence of the X-ray density of 

urinary stones (HU) on the indicator of the volume fraction 

of the crystalline phase (VFCF) 

http://e-bmv.bsmu.edu.ua/


Буковинський медичний вісник. 2022. Т. 26, № 4 (104)                 ISSN 1684-7903                                http://e-bmv.bsmu.edu.ua 

 

 

Original research 
 

61 

Conclusions 

1. Structural and compositional features of calcium-

containing urinary stones are characterized by the presence in 

their composition of calcium oxalate compounds in the form 

of vewellite and weddelite, as well as calcium phosphate in 

the form of apatite, hydroxylapatite, fluorapatite, carbonate 

apatite, which, depending on the stage of crystallization, can 

be in amorphous, amorphous-crystalline or crystalline state.  

2. The X-ray density of this type of urinary stones, 

according to multislice computed tomography, corresponds to 

the range of 1090-1785HU.  

3. There is a direct correlation between the stone’s X-ray 

density and the volumetric fraction of the crystalline phase in 

its structure. 
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