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The aim of this study was to analyze the composition of urinary stones and gallstones and assess their
prevalence as a function of age and sex. A total of 425 urinary stones and 108 gallstones was analyzed for
composition using FTIR-ATR spectroscopy. According to the absorption band spectra obtained using
FTIR-ATR, urinary stones were classified into the following groups: calcium oxalate (55.6%), uric acid
(24.1%), hydroxyapatite (7.3%), struvite (9.0%), brucite (2.1%), cystine (1.0%) and ammonium urate
(0.2%). Gallstones were classified into cholesterol (66.7%) and pigment stones (33.3%). As to urinary
stones, they are more common in males (62.0%) than in females (38.0%) (ratio 3/9: 1.7), calcium oxalate
stones being the most common ones in both sexes. Women have a higher frequency of hydroxyapatite and
struvite than men (p<0.05) whereas males have a higher frequency of calcium oxalate and uric acid than
women (p<0.05). Calcium oxalate stones are more common in the 30—-69 years age group (p<0.05), while
uric acid stones are more common in ages >50 years (p<0.05). As to gallstones, they are more common in
women (59.3%) than in men (40.7%) (ratio Q/3: 1.4), cholesterol stones being the most prevalent in both
sexes. Women have greater frequency of cholesterol stones than men (p<0.05) and men have higher
frequency of pigment stones than women (p<0.05). Cholesterol stones were more common in ages <60 year
(p<0.05), whereas pigment stones were more common in ages 260 years (p<0.05). The results of this study
show that the physical analysis of stones using FTIR-ATR spectroscopy provides fairly accurate information
on its composition, and sex and age have been seen to have an influence on the type of stone formed.

Keywords: urinary stone, gallstone, gender, age groups, Fourier transform infrared attenuated total
reflectance spectroscopy.
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(Illocmynuna 16 cenmabpa 2019)

Ipoananuzuposean cocmag Kamuel 6 MOYEBOM U OJICEIYHOM NY3blpe U OYEHeHA CMeneHb
PacnpocmpanenHoCmy OmoenbHblX KOMNOHEHMO8 KaMHell 8 3agucumocmu om eozpacma u nona. Cocmagbsi
425 mouesvix kamueti u 108 dncenynvix Kamueu NPoanarusuposansi ¢ nomowivio UK-@ypve-cnexmpockonuu
HapyuweHHo2o noino2o enympenneco ompaxcerus (FTIR-ATR). Ilo cnekmpam noziowjenus, nOaYYeHHbIM C
nomowwto FTIR-ATR, kamuu 6 MouesoM nysvipe pazoeieHvl Ha epynnvl: okcaiam xaivyus (55.6%), mouesas
xucroma (24.1%), eudpoxcuanamum (7.3%), cmpysum (9.0%), opyyum (2.1%), yucmun (1.0%) u ypam
ammonus (0.2%). Kamuu 6 dcerunom nyswipe paszoenexvl Ha Xxorecmepurosvie (06.7%) u nuemeHmubvie
(33.3%). Kamnu 6 moueeom nysvipe uawje ecmpedaiomes y myxcuun (62.0%), uem y ocenuyun (38.0%)
(coomnowtenue 1.7), npuuem KAMHU U3 OKCANAMA KAAbyusi pACHpOCMpaHenvl y npeocmasumeneii. 000uUx

** Full text is published in JAS V. 88, No. 1 (http://springer.com/journal/10812) and in electronic version of ZhPS
V. 88, No. 1 (http://www.elibrary.ru/title_about.asp?id=7318; sales@elibrary.ru).
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nonos. [na dcenwun xapaxkmepHa 0ojee 8bICOKASL YACMOMA 2UOPOKCUANAMUMA U CMpPY8UmMd, Yem Ol
myarcuun (@epossmuocmo owiubku p<0.05), a 0na mysicuun — Ooee bICOKAA HACMOMA OKCAAAMA KAnbyus U
mouegou xkucromsl (p<0.05). Kamnu u3z oxcarama Kanvbyusi wauje 6CMpeyaomcs 8 603PACMHOU Zpynne
30—-69 aem (p<0.05), kamuu u3 mouesou kucromsl — y auy cmapute 50 aem (p<0.05). Kamnu 6 sncenurom
ny3vipe yawe gcmpedaiomcs y oceHuwun (59.3%), uem y myorcuun (40.7%) (coomnowenue 1.4), npuuem
Xonecmepunosvle KaMHyu — y npedcmagumenceii 060ux noios. Y dcenyun xoiecmepurogvle KaMHu HaXo0sm
yawe, yem y myocuun (p<0.05), a myscuunvl umeiom 0Oo0jee GbICOKYIO UACMOMY NUSMEHMHLIX KAMHEl
(»<0.05). Xorecmepunosvie kamHu xapakmepuvl 015 auy 6 eo3pacme 0o 60 nem (p<0.05), mozda xak
nuemMeHmusvle — 011 nayueHmosg 6 gozpacme ceviute 60 nem (p<0.05). Dusuueckuii amaiuz KamHeu c
nomowvto FTIR-ATR oaem docmamouno mounyto ungpopmayuio o e2o cocmaese. Ha mun obpazosasuiecocs
KAMHS OKA3bI8AIOM GIUAHUE NOTL U 803PACH.

Knrwouesvle cnosa: xamens mMouego2o nyswipsl, KAMEHb JCETUHO20 NY3bIpsl, NOJ, 603PACMHAL 2pYNNG,
HUK-Dypve-cnekmpockonus HapyueHH020 NOIHO20 OMPANCEHUSL.

Introduction. The annual incidence of nephrolithiasis is estimated at about 0.5% in North America and
Europe. It is a recurrent disease with a relapse rate of 50% in 5—10 years and 75% in 20 years [1]. The for-
mation of gallstones in the gallbladder, bile duct, and liver is a common gastrointestinal disease found in 10—
20% of the population of western countries and requires emergency surgery in approximately 25% of these
patients [2]. The incidence and composition of stones has changed dramatically over the last half century in
industrialized countries in parallel with the profound changes in the standard of living and eating habits and
is also influenced by other factors such as genetic predisposition, geographic area, ethnicity, age, or sex [3].

Knowing the composition of urinary stones and gallstones can be extremely important to understand the
underlying physico-chemical principles leading to stone formation in order to evaluate the clinical
management of the patient and to identity risk factors in order to guide the recommendations to prevent
future recurrence [3, 4]. Up until recently, urinary stones were analyzed at our laboratory using chemical
methods, which present important limitations such as: they are more time consuming, a considerable sample
quantity is required, they have moderate sensitivity and specificity (leading to false positives and false
negatives), and they may only identify the presence of individual ions and not the specific compounds found
in the stone [4, 5]. On the other hand, the different types of gallstones have been previously classified
depending on their appearance and composition, which includes a visual analysis (shape, texture, color, etc.).
This is often associated with subjectivity problems, and chemical analyses are very laborious with little
sensitivity; all this leads to discrepancies in results [2, 6]. Since May 2017 at our laboratory we have been
using the Fourier transform infrared spectrophotometer with a diamond attenuated total reflection accessory
(FTIR-ATR) technique for the analysis of urinary stones and gallstones, which has the following advantages:
greater sensitivity and specificity, the specific components of the stone are identified, it is quick and easy to
perform, requires a small amount of sample, and is cost effective [5, 6]. The European Association of
Urology [7] recommends, as a fundamental requirement for the metabolic assessment of the patient, that an
analysis should be conducted of the composition of the urinary stones using a valid method, indicating
infrared spectroscopy as one of the preferred analytical methods.

The aim of this study is to analyze the composition of the urinary stones and gallstones by means of a
physical analysis using FTIR-ATR spectroscopy and assess the prevalence of these stones on the basis of age
and sex in our health area.

Material and methods. During the period between May/2017-May/2019 a total of 425 urinary stones
were processed at the laboratory of clinical analyses of the Hospital Clinico Universitario de Santiago de
Compostela (Galicia, NW Spain) from 410 different patients ranging in age between 3-90 years (mean
57.2+14.9); of them 257 were males with an age range between 3-89 years (mean 56.9+15.0), and 153 were
female with an age range between 10-90 years (mean 57.7+14.7). As far as gallstones are concerned, during
the period between October/2018-March/2019 a total of 108 stones was processed from 108 different
patients ranging in age between 18-94 years (mean 59.1+18.6); of them 46 were males with an age range
between 18-88 years (mean 56.7+18.1), and 62 were women ranging in age between 22-94 years (mean
60.9+£18.9).

Urinary stones and gallstones were analyzed using FTIR-ATR spectroscopy. For the FTIR-ATR ana-
lysis, the IRAffinity-1S (Shimadzu Corporation, Japan) equipment was used which performs a spectral
scanning from 4000 to 400 cm™', with a resolution of 4 cm™ for each spectrum and an average of
20 measurements per spectrum. Before every analysis, the background spectrum was measured initially with
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no sample in contact with the attenuated total reflectance (ATR) unit. This IR spectrum, which is specific to
each stone, is then compared to a library of spectra added to the analyzer to generate a report on the different
components of the stone.

Urinary stones were obtained through endoscopy or open surgical procedures or as a result of
spontaneous passage through the urethra; gallstones were collected following a cholecystectomy. All stones
were cleaned with distilled water and dried to be pulverized in a mortar to obtain a fine and homogeneous
powder that was subsequently placed on an ATR accessory equipped with a diamond crystal. Pressure was
exerted by the tip of a specially designed device so that the powder sample fully occupied the surface of that
crystal as a fine film.

The proposal by Lieske et al. [8] for the classification of urinary stones was followed: 1) ST group:
stones containing some struvite; 2) CY group: stones with some cystine; 3) UA group: stones with some uric
acid (anhydrous UAA or dihydrate UAD); 4) BR group: stones with some brucite; 5) AU group: stones with
some ammonium urate; 6) CO group: stones with >50% of calcium oxalate (monohydrate COM or dihyd-
rate COD); 7) HA group: stones with >50% of hydroxyapatite. The proposal by Cariati [9] was followed for
the classification of gallstones, where two groups are distinguished: 1) cholesterol stones (CHO) with
a cholesterol content of >50%, and 2) pigment stones with a cholesterol content of <30%, the main
compound being calcium bilirubinate (BI). Pigment stones can, in turn, be classified into two subgroups [9]:
1) black pigment gallstones (characterized by containing calcium carbonate: CC) and 2) brown pigment
gallstones (characterized by containing calcium stearate: CS).

The statistical analysis and data treatment were conducted using the following software: MedCalc® for
Windows (MedCalc Software, Belgium) and Microsoft® Excel (Microsoft Corporation, USA). Results were
analyzed using chi-squared test; a level of significance of p<0.05 was defined as statistically significant.
Permission was obtained from the Committee for Ethical Review of the Hospital Clinico Universitario de
Santiago de Compostela for conducting this study.

Results and discussion. Kidney stones. Of the 425 stones analyzed, 155 (36.5%) had a single compo-
nent (COM 20.70%, COD 0.7%, UAA 11.0%, UAD 0.2%, HA 1.6%, AU 0.2%, BR 1.2% and CY 0.9%)
and 270 (63.5%) were mixed, of which 151 (35.5%) had two components (COM+UAA 13.4%, HA+ST
8.5%, COM+HA 7.1%, COM+COD 4.4%, COD+HA 0.7%, COM+BR 0.5%, COD+BR 0.2%, UAA+UAD
0.5% and UAA+AU 0.2%) and 119 (28%) had three components (COM+COD+HA 26.6%, COM+HA+ST
0.7%, COM+HA+BR 0.7%). In Figures 1-3 the IR spectrum of all pure urinary stones and some mixed
stones is shown. In the IR spectra of COM and COD, two characteristics very similar bands are shown at
1607 and 1312 cm™' in COM and at 1613 and 1319 cm™! in COD, but we can distinguish the different hy-
drates of CO because of the presence of two small bands at 945 and 883 cm ™! and another two marked bands
at 777 and 510 cm™! in COM that are missing in COD. The IR spectra of the different hydrates of UA (UAA
and UAD) are almost identical, but the presence of a wide band at around 3400-3600 cm™! and another band
at 1325 cm ™! in the hydrated form and missing from the anhydrous form makes it possible to differentiate
them. The AU spectrum shows a moderate similarity with the UA spectra, particularly in the bands found in
the absorption interval 1700400 cm™, but in the AU spectrum characteristic bands are observed in the
2500-3400 cm ™! interval that are not found in the UA spectra. As far as the stones containing phosphate, the
IR spectrum of the ST (Fig. 3) shows three absorption bands at 1429, 1006, and 752 cm™!, which makes it
possible to differentiate them from the HA stones, which have another three characteristic bands at 1020,
599, and 559 cm™'; as to BR, it shows an IR spectrum very different from the other phosphate stones where
three peaks are observed at 3540, 3485, and 1647 cm ™! and a series of characteristic bands in the 1250400 cm !
range. Finally, in the case of CY stones, besides being found in their pure form, they have a characteristic IR
spectrum that can be easily differentiated from other stones.

A total of 266 stones (62.6%) was from males and 159 (37.4%) were from women, the male/female
ratio being 1.7. The age range in which a greater number of stones was found was between 40—79 years,
accounting for 82% of total stones. Figure 4a shows the distribution of the composition of the stones (those
that occur in more than 5%) of the general population and in the different sexes. It can be seen that in the
total of the population studied the most common kidney stone was CO with 55.8%, followed by UA with
24.5%, ST with 9%, and HA with 7.1%. By sexes, the most prevalent stones in males was CO (59.4%)
followed by UA (30.1%), while in females the most common stones were CO (49.7%) followed by ST
(17.6%), UA (15.1%), and HA (13.2%). It was found that CO and UA stones were more common in males
than in females, while ST and HA stones were more common in females than in males. These differences
were statistically significant (p < 0.05).
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Fig. 1. FTIR spectrum of COM (calcium oxalate monohydrate), COD (calcium oxalate dihydrate),
UAA (uric acid anhydrous), and UAD (uric acid dihydrate) pure urinary stones.
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Fig. 2. FTIR spectrum of HA (hydroxyapatite), BR (brushite), AU (ammonium urate),
and CY (Cystine) pure urinary stones.
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Fig. 3. FTIR spectrum of mixed urinary stones (ST: struvite).

Figures 4b—d show the association between the type of urinary stone and age (in decades) in the general
population and in the different sexes. We see that in the general population, CO stones show a bell-type be-
havior, being more frequent in ages between 30-69 years with 85% of the CO stones (p < 0.05). The presen-
ce of UA stones increased with age, and they were more frequent in patients >50 years, accounting for 91%
of UA stones (p < 0.05). As to phosphate stones, ST stones showed a slight “U” behavior as they were more
frequent in ages <40 years and >70 years, and HA stones were slightly more frequent in ages <40 years. In
these cases, no significant differences were observed. By sex, a behavior similar to that of the general popu-
lation was found in both males and females.

As to BR, CY, and UAA stones, they were found in such a small proportion (<5%) that a comparative
study on the basis of sex and age was not possible.

Gallstones. Of the 108 gallstones analyzed, 65 (60.2%) had a single component (CHO: 56.5% and BI:
3.7%) and 43 (39.8%) were mixed, of which 28 (25.9%) had two components (CHO+BI: 10.2%, BI+ST:
12%, and BI+CA: 3.7%) and 15 (13.9%) had three components (CHO+BI+ST: 4.6%, CHO+BI+CA: 1.9%,
and BI+ST+CA: 7.4%). Figures 5 and 6 show the infrared spectrum of pure and mixed gallstones indicating
the wavelength of the characteristic absorption bands. The main bands that make it possible to detect the
presence of CHO are: a wide band located at around 2930 cm™' and other six peaks located at about 1464,
1440, 1377, 1365, 1055, and 1022 cm™!; the main bands that indicate the presence of BI are: a series of peaks
located between 1500—1750 cm™' and a band located at about 1246 cm™'; the bands indicating the presence
of CS are: two very sharp peaks at about 2916 and 2849 cm ™' and another five peaks located at about: 1574,
1539, 1466, 1433, and 1419 cm™'; and the presence of CC is easily identifiable by the presence of a wide
band at 12001550 cm™' and another narrow band at about 873 cm™.

A total of 64 gallstones was from women (59.3%) and 44 from men (40.7%) with a male/female ratio
of 1.4. Figure 4e represents the distribution of the composition of stones in general population and by sex,
showing that the most common gallstone in the general population was CHO, which accounted for 66.7%
of cases, followed by pigment gallstones, which accounted for 33.3%. By sex, in women and men, CHO
gallstones were more common than pigment gallstones (75% vs 25% and 54.5% vs 45.5%, respecttively).
In women, there was a higher frequency of CHO gallstones than in men, while in men, pigment gallstones
were more common than in women. These differences were statistically significant (p < 0.05).
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Figure 4f—h shows the association between age (in decades) and the type of gallstone in the general
population and in both sexes. It can be seen that in the general population CHO stones were more frequent in
patients aged <70 years (p < 0.05), while pigment gallstones were more prevalent in patients aged >60 years
(p<0.05). This same behavior is seen in both sexes, also presenting statistically significant differences (p <0.05).
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Fig. 4. a) Association of sex with urinary stone type. b) Association of age with urinary stone type.

c—d) Association of age and sex with urinary stone type. e) Association of sex with gallstone type.

f) Association of age with gallstone type. g—h) Association of age and sex with gallstone type.
(CO: calcium oxalate; UA: uric acid; ST: struvite; HA: hydroxyapatite).

The spectra obtained in this study regarding both kidney stones and gallstones are similar to those
published by other authors; the different vibrations (stretching or bending) experienced by the different
molecular bonds have already been widely described in the bibliography [2, 10—15]; 63.5% of kidney stones
and 39.8% of gallstones analyzed in this study were mixed, which underscores the importance of any
analysis method that is able to identify the percentage each component contributes to the mixed stone [16].
In this regard, it should be noted that the identification of the components of a mixed stone using FTIR may
not always be exact because of a number of factors: 1) when band overlapping occurs, it is difficult to
determine the contribution of each component exactly [5]; 2) when any of the components of a stone is
found in very small amounts, it might be difficult to quantify [5]; 3) an incomplete library or one created
from different compounds, whether natural or synthetic, may also lead to error [5]; 4) the use of different
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methods (FT-IR with previous handling of the sample using KBr tablet vs FTIR-ATR) could also lead to
error [5]; 5) in the case of gallstones, there are some chemical substances (fatty acids, colic acid derivatives,
proteins or polysaccharides) that overlap in absorption peaks of the main components of the gallstone, thus
making it difficult to determine their exact composition [2]. Siener et al. [17], in a multicenter study
conducted at different European laboratories, surprisingly found high error rates in some laboratories using
IR, underscoring the importance of equipment, the spectra of reference in the library, the qualification of
personnel, and the need to perform regular quality controls as the premise for conducting a correct analysis
of kidney stones; Hesse et al. [16] remarked that most automated programs for the evaluation of infrared
spectroscopy and X-ray diffraction are not yet sophisticated enough to provide reliable identification of the
individual components of a mixture. However, and despite the above, numerous authors argue that FTIR
spectroscopy is an efficient and sensitive enough method to determine the composition of kidney stones and
gallstones [2, 6, 10, 12]. Besides, the guidelines on urolithiasis of the European Association of Urology
recommend the use of FTIR spectroscopy as one of the preferred methods [7].

Urinary stones. We found that the incidence of urinary stones was higher in the 3079 years range with
a higher frequency in males than in females (male/female ratio 1.7), CO stones being the most frequent ones
for both sexes. These results are consistent with those found in the references [8, 18, 19]. The most common
pathophysiological abnormality found in patients with CO kidney stones is hypercalciuria, which tends to be
idiopathic and associated with normal serum levels of calcium. There are also other important risk factors
such as hyperoxaluria, hypocitraturia, low volume of urine, hyperuricosuria, or an inappropriate diet (excess
of animal protein, salt, alcohol consumption) [1, 19, 20]. The higher incidence of CO stones in men can be
explained by the fact that they have greater urinary excretion of calcium and a greater intake of proteins than
women, and younger women have a greater urinary pH and greater concentration of citrate, which prevent
the formation of CO stones [8].
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Fig. 5. FTIR spectrum of CHO (cholesterol) and BI (calcium bilirubinate) pure gallstones
and mixed gallstones (CS: calcium stearate).
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Uric acid stone was the second most frequent calculus in males, and an increase in its prevalence was
observed as age increased (>50 years) in both sexes, as other authors have reported [8, 18, 21]. The two main
factors contributing to the formation of this type of stones are hyperuricosuria and, mainly, abnormally low
urinary pH (pH<5.5) [22]. It was observed that, as a response to aging, there was a progressive reduction of
ammoniagenesis, which resulted in older people having a lower urinary pH than younger people, thus
facilitating the formation of AU stones [1, 8, 18, 21, 22]. The other risk factor for UA stones is hyperurico-
suria, which can be secondary to purine-rich diets or because of excess production of uric acid resulting from
some pathological process such as gout or lymphoproliferative disease [19]. The greater predisposition of
men to present with more UA stones than women might due to several reasons: on the one hand, dietary
habits, as men ingest greater amounts of animal proteins and alcohol; on the other hand, the higher urinary
pH and the higher glomerular filtration rate in women as well as sexual female hormones (estrogens) that in-
crease the efficacy of the kidney to dispose of uric acid, thus preventing the formation of UA stones [22, 23].

As other authors have previously reported [8, 21] we found a higher proportion of phosphate stones in
women than in men. Stones containing SR appear when there is a recurrent infection of the urinary tract,
which is more common in women than in men, as a result of gram-negative bacteria producing urease
[1, 24]. On the other hand, we found that SR stones were slightly more frequent in ages <40 years and
>70 years; Flannigan et al. [25] remarked that two factors that predispose one to acquiring these stones
include female sex and extreme of age. Kidney stones consisting of pure HA are rare, and more frequently
they are mixed, mainly in conjunction with CO [24]. This is consistent with our findings, where we find that
only 3.7% of stones that contain HA are pure and the remaining 96.3% are mixed, in most cases combined
with CO (77.8%). Our data show greater presence of HA stones in women than in men and ages <40 years, a
fact already reported by other authors [8, 18, 21]. The higher urinary pH is the main factor distinguishing the
HA stone formers from the CO stone formers; in this regard young women present higher urinary pH than
men [8, 24], which facilitates the formation of non-infectious HA stones. The influence of some metabolic
diseases such as primary hyperparathyroidism and renal tubular acidosis has been mentioned as an influence
of the formation of these stones [24].

Gallstones. In line with what other authors have reported [26-28], women were found to have a greater
incidence of gallstones and at ages before menopause. Female sex hormones are the main basis for this sex
difference. In fact, pregnancy is a risk factor in the formation of gallstones. Estrogens increase the levels of
cholesterol in the bile, leading to oversaturation, whereas progesterone inhibits the contraction of the biliary
gland and of the function of the sphincter of ampulla, leading to a decrease in the emptying of the biliary
gland, resulting in cholelithiasis [26-28].

As other authors have already reported, mainly in western countries [26-29], cholesterol gallstones
were found predominantly in both males and females. In East Asian countries pigment stones are much more
common. However, in recent times, the presence of CHO gallstones is increasing as a result of western
lifestyles and diets [30]. The following have been mentioned as possible causes of the formation of
cholesterol gallstones: 1) a diet rich in carbohydrates or fatty acids, which causes an increase in the synthe-
sis of cholesterol, leading to a change in the liver of the balance between cholesterol saturation and conver-
sion of cholesterol into bile acids and cholesterol esters; and 2) inappropriate lifestyles that lead to such risk
factors as obesity, diabetes, or hypertension [27, 30].

In line with what other authors have reported [3, 31], we found that pigment gallstones were more
frequent in late decades in life (>60 years). As life expectancy increases, there is generally a greater
probability of organic abnormalities and particularly of liver diseases and biliary tract diseases in elderly
people [32]. Among the possible causes that facilitate stone formation, and which apparently do not affect
the formation of CHO gallstones, are hemolysis and liver cirrhosis (where a greater predominance of black
pigment gallstones was reported) and bacterial infection (where a greater predominance of brown pigment
gallstones was reported) [13, 28, 29, 32-34].

Lastly, we should acknowledge that this study has some limitations: 1) it is likely that some stones have
been lost because they were not collected following surgery, or in the case of urinary stones, they may have
spontaneously passed through the urinary tract; 2) it is a known fact, particularly in the case of gallstones,
that there are many asymptomatic patients [3] resulting in these stones being ignored for years; conse-
quently, this study may be more representative of clinical practice than of prevalence; and 3) this study con-
sists of a relatively small number of patients and was conducted at a single medical center, therefore large-
scale, prospective studies are required to confirm our results. However, and despite these limitations, this
study provides very important information as it is the first study conducted in this geographical area of Spain
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Fig. 6. FTIR spectrum of mixed gallstones (CC: calcium carbonate).

using this technology (FTIR-ATR) for the analysis of urinary stones and gallstones and will be very useful in
understanding the pathophysiology of the disease caused by these stones in the Galician population in future
clinical studies.
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