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Introduction  

Urolithiasis is a complex multifactorial pathology 

which requires an understanding of the mechanisms 

involved in lithogenesis. The analysis of the urinary 

stones is an essential element of this diagnosis, 

carried out according to adequate methods, it 

provides exclusive information not only on the current 

situation, but on the history of the lithiasic disease and 

on the conditions which determined the genesis of the 

stones [1].  

Analysis of the composition of kidney stones helps to 

establish the etiology of their formation, and in some 

cases, to make a diagnosis. In addition, the 

identification of the constituents is important in order 

to identify patients at risk of recurrence and to define 

a strategy for the prevention or treatment of the 

underlying etiology. To this end, preventive treatment 

algorithms exist for each major type of kidney stone 

[2-4]. 

The risk of kidney stone recurrence is approximately 

50% at 5 years and 70% at 20 years and is influenced 

mainly by the sex, the number of stones, their 

location, the presence of residual fragments and the 

presence of anatomical abnormalities or functional of 

the urinary system [2,5,6]. Certain types of stones are 

associated with a high risk of recurrence (eg cystine 

and PAM [struvite] stones) [7,3] and the composition 

of kidney stones may vary during recurrence [7,8]. 

The analysis of kidney stones must be repeated for a 

new episode of urolithiasis since the composition of 

the stone’s changes in nearly a third of patients [8].  

Abstract 

The urinary stone analysis is the first step in looking for the causes of urolithiasis, in order to avoid the 

problems of recurrence. This analysis sometimes makes it possible to propose a diagnosis, and most often 

helps to direct the exploration towards the most appropriate examinations. To be reliable, the identification 

of the components of urinary stones must be carried out by infrared spectroscopy. This study made it 

possible to make a profile approach on a case of a 67-year-old male adult patient, hospitalized in the urology 

department of the Bechar hospital (Algeria). Morpho-constitutional analysis of urinary stones showed that 

the main component was calcium oxalate monohydrate (whewellite) with a percentage of (70%), weddellite 

(20%), carbapatite (10%), and trace protein. According to the results obtained we notice that the periphery 

of the stone is Wheddellite, and the nucleus formed essentially of: Whewellite + CA + trace of Protein. 

According to the superficial and internal morphological type and the morphological association, we can 

distinguish the main causes that go into the formation of stones: intermittent hypercalciuria (nutritional or 

absorptive) + intermittent hyperoxaluria (normal or slightly increased oxaluria), these results allow more 

specific medical management of lithiasis and better prevention of recurrent problems.  
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The chemical analysis of the urinary stones was 

replaced by a morpho-constitutional analysis based 

on a precise description at the macroscopic scale 

supplemented by a characterization technique by 

vibrational spectroscopy and more precisely by 

infrared spectroscopy with Fourier transform [8,9]. 

At the macroscopic scale, in the identification of 

urinary stones, it is a question of specifying the shape, 

the size, the aspect of the surface, the texture, the 

shape and the aspect of the crystals, the color, the 

hardness, the organization and the main 

characteristics of the section. 

Infrared spectrophotometry has become the 

reference method because of its versatility, speed, 

easy implementation and its ability to simultaneously 

identify crystalline and non-crystallized species, 

mineral and organic components, metabolic and 

medicinal species. In contrast, infrared 

spectrophotometry cannot identify a new substance 

not yet described [10].  

Urinary stones can be gathered in a classification 

comprising 6 types and 21 subtypes, which allows to 

classify more than 95% of urinary tree stones: 

-Calcium oxalates [11,12] constitute class I 

for whewellite and class II for weddellite. 

-Uric acid stones and urates [13,14] form class III 

-Calcium and magnesium phosphates, 

i.e. carbapatite, struvite, brushite, whitlockite [15,16] 

are grouped in class IV. 

-Cystine stones (Class V) are linked to cystinuria. This 

is a genetic defect that causes the kidneys to excrete 

excessive amounts of cystine. This type of calculation 

can occur from childhood [17,18]. 

The stones made up of proteins are gathered in Class 

VI. Note the existence of other types of urinary tree 

stones such as stones of drug origin [19,20] or stones 

made of rare purines linked to genetic diseases [21]. 

Material and methods 

Case presentation: 

Patient: the study concerns a lithiasic subject, aged 

67 years of sex Male, operated on Urology service of 

Bechar hospital (south of Algeria). the stones located 

in the left side of the kidney with a mass of 14.26g, 

0.10g. 

Method of recovering from stones: 

 Analysis of the different methods of extracting stones 

shows that conventional surgery remains the most 

frequent since it represents 79.7% of cases against 

17.7% of spontaneous expulsion, 2.3% mixed (extra-

corporeal lithotripsy + conventional secondary 

surgery due to poor fragmentation of stones or 

obstructive complications) and 0.2% of treatment by 

extra-corporeal lithotripsy alone. 

Apparatus and methods 

The kidney stone was dried in air and at room 

temperature for 24 hours, then subjected to a 

morpho-constitutional analysis according to the 

protocol described previously [22]. 

kidney stone analysis was carried out sequentially, 

from the nucleus to the surface, using an infrared 

spectrophotometer with Fourier transform (Spectrum 

One model, Perkin-Elmer). The spectral range is from 

4000 to 650 cm-1 (or even 550 cm-1), in order to 

determine the composition of the nucleus and that of 

subsequent layers, the two can be very different and 

provide information on particular lithogenic processes 

[23]. 

The proportions of the various constituents were 

determined from an overall stone powder. The results 

are compared with different references spectra [24-

26]. 

Results and discussion 

kidney stones recovered by the surgical extraction 

method have a dark yellow-brown crystalline form, 

spicule, amorphous peripheral deposit and a radial 

section with two very different successive structures: 

a central concentric zone with light brown-yellow 

radial crystallization (Ia) of whewellite, covered with a 

diffuse dark brown radial structure of Wheddellite type 

(IIa) (Figure 1). 

 

Fig 1: Photos of Wheddellite type IIa computed radiographs of the 
left kidney 

Composition of stones: The majority component of a 

stone is essential to know since it is a reflection of the 

urinary environment and therefore of the pathology or 

abnormalities responsible for the activity of the 

lithogenic process 24. The morpho-constitutional 

analysis of calculation showed that the main 

component was calcium oxalate monohydrate 

or whewellite with a percentage of 

(70%), weddellite (20%), carbapatite (10%), trace of 

protein. The periphery of the 
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calculation: Wheddellite and the Composition of the 

nucleus: Whewellite + CA + trace of Protein. (Figure 

2) 

 

Fig 2: photos of Wheddellite type IIa stones. 

Infrared spectroscopic analysis: 

The infrared spectrum of this kidney stone shows 12 

characteristic absorption bands (Table 1): 

A broad band of medium intensity located at 3492 cm-

1 corresponds to the stretching vibrations of the OH 

bonds of H2O, another band towards the same zone 

located at 3334 cm-1 attributed to the stretching 

vibration of the intermolecular hydrogen bonds, this is 

confirmed by the presence of bands around 1460 cm-

1 attributed to the deformation vibration of the OH 

bonds of H2O. 

Figure 3 illustrates the infrared spectrum obtained for 

the main constituents of kidney stone analyzed. 

 

 
Fig 3: Infrared spectrum of the central mass of a Whewellite majority composition calculationAn intense band located at 1607 cm-1 which 
characterizes the elongation vibration of a carbonyl of the oxalate, this is confirmed by elongation vibrations around 1312 and 1037 cm-1 
which characterizes the C-O bonds of the ester function. 

Table 1: Main IR spectrum bands of the urinary calculus analyzed [27-29]. 

Exp.band (cm-1) Intensity Assignment Composition 

3492 average Elongation Vibration of OH (H2O). 

 

Calcium Oxalate 
monohydrate (Whewellite) 
COM 

+Calcium Oxalate 
dihydrate (Wedellite) 

+Calcium Carbonate 
anhydride (calcite) 
Carbapatite (CA) 

3334 average Intermolecular hydrogen bond Elongation Vibration 

1607 strong 
Elongation   Vibration   of carbonyle (C=O), δ(HOH) + 

νa(CO)perpendicular to BC plane 

1460 low Deformation vibration in the same plane δ de OH (H2O). 

1312 strong Elongation Vibration of C-O 

1037 average Elongation Vibration of C-O 

946 Low [ νs(CC) + νs(CO)] on BC plane+ L (HOH) 

881 low 
[ νs(CC) + δ(OCO)] on BC 

plane+ L- W(HOH) 

761 strong Deformation vibration outside the plane of OH (H2O). 

668 average Deformation vibration outside the plane of (O-C-O) 

570 average L-R(OCO) perpend to the BC plane 

513 strong ν(Ca-O) + νs(CC) perpendicular to BC plane 
 

 

Five bands towards: 570-946 cm-1 corresponds to 

the deformation vibration outside the plane of the 

ester and OH bonds which form the hydrated calcium 

oxalate ring. An intense band located at 513 cm-1 

which characterizes the presence of the Ca-O bonds. 

The analysis of urinary stones by physical methods 

such as infrared spectrophotometry, allows to 

determine by precision with very little samples. By the 

knowledge of the molecular and crystalline structures 

entering into the composition of the nucleus, and 
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different layers of a stone. Our results, and according 

to the surface and internal morphological type and the 

morphological association, can distinguish the main 

causes of this calculation: intermittent hypercalciuria 

(nutritional or absorptive) + intermittent hyperoxaluria 

(normal or slightly increased oxaluria), according to Y. 

Berland et al [29-31] hypercalciuria is a metabolic 

disorder, described a group of patients suffering from 

recurrent calcium lithiasis, regroups three categories 

(hypercalciuria of absorption, renal hypercaciuria, 

hypercalciuria of resorption). hyperoxaluria according 

to Baggio et al [31], a disorder of the transmembrane 

transfer of oxalate has been found in the erythrocytes 

of patients with oxalocalcic lithiasis. the presence of 

an abnormality in the membrane transfer of oxalate 

has been correlated with the existence of a distal 

tubular acidification defect in a third of the cases. Our 

research in the literature shows that blood acidosis 

and metabolic acidosis and the major metabolic 

disorder of lithiasis disease [32]. 

The morpho constitutional analysis of stones and the 

identification of risk factors, through the analysis of 

stones, allows more targeted medical management of 

lithiasis and ultimately better prevention of 

recurrences. 

Conclusion 

To distinguish the main types of lithiasis and their 

etiologies, by emphasizing the importance of an exact 

identification of the molecular and crystalline species 

constituting the calculation by infrared 

spectrophotometry, it contributes to the diagnosis by 

directing the clinician towards additional 

examinations and avoided recidivism. 
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