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ABSTRACT: Urinary lithiasis has been reported as a problem that affects humankind since ancient times and has been described in several
animal species. The condition is a consequence of other diseases that may be present in the urinary system or related to other body disorders.
The stone composition needs to be analyzed to identify the possible causes that led to the formation and development of uroliths. For this,
several techniques are currently available, some of which are promptly accessible, while others are not. Thus, this literature review aimed to
perform a brief introduction on urolithiasis, present the most used techniques in the analysis of the composition of canine and feline uroliths
and point out the advantages and disadvantages of each technique.
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Técnicas fisico-quimicas para determinacio da composicio de urélitos
em caninos e felinos: uma revisio de literatura

RESUMO: 4 litiase urindria foi reportada como um problema que atinge a humanidade desde a antiguidade e ja foi descrita em diversas
espécies de animais. A doenga é considerada consequéncia de outras enfermidades que podem estar presentes no sistema urindrio, ou
relacionados com outros disturbios do organismo. Para identificar as possiveis causas que levaram a formagdo e desenvolvimento de urdlitos
é importante analisar a composi¢ao dos calculos. Para isso, existem vdrias técnicas disponiveis atualmente, algumas de mais facil acesso e outras,
nem tanto. Dessa forma, objetiva-se com a presente revisdo realizar uma breve introdugdo sobre a urolitiase e apresentar as técnicas mais utilizadas
na andlise da composi¢do de urdlitos, em caninos e felinos, bem como apontar as vantagens e desvantagens de cada uma das técnicas.
Palavras-chave: animais de companhia, espectroscopia, cristalografia, microscopia, urolitiase.

INTRODUCTION always an easy process and hence determining the
urolith composition facilitates the investigation process
Urolithiasis is a disease known to and assists in the adoption of preventive measures
humankind since 8000 BC (DOMINGOS & SERRA, (KOEHLER et al., 2009; LULICH et al., 2016).
2004). In the past, surgical removal of uroliths was Several qualitative and quantitative
the treatment performed in patients affected by lytic analysis techniques can be used to determine stone
formations. The surgical procedure is only one of composition. Quantitative techniques are preferable

several alternatives for managing the disease with to those qualitative, as they allow the analysis of uroliths

advances in research in this field. However, obtaining
stones is not the final process concerning the disease,
which goes far beyond its removal.

Urinary lithiasis is a multifactorial cause
considered a consequence of other conditions. For
this reason, identifying the causes is important to use
the appropriate approach. Recognizing the possible
causes that led the patient to develop stones is not
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and indicate the concentration of each substance present
in the sample (KOEHLER et al., 2009; KALINSKI
et al., 2012; FIALOVA et al., 2017). Polarized light
microscopy, X-ray diffraction, infrared spectroscopy,
and energy dispersive spectroscopy are among the
quantitative techniques (MARICKAR et al., 2009;
OLDENBOURG, 2013; SHAMEMA et al., 2015).
The techniques differ in terms of the equipment,
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sensitivity, and specificity, and their association is
recommended (RACEK et al., 2019).

Stones are classified according to their
composition, such as struvite, calcium oxalate, urate,
calcium phosphate, xanthine, cystine, and silica.
These components can be found in the various urolith
layers, i.e., nucleus, stone, and wall. Determining
the exact composition of each urolith layer is
only possible when using quantitative techniques
(KOEHLER et al., 2009).

Thus, this literature review aimed to
present the most used techniques in the analysis of the
composition of canine and feline uroliths, the ways
of carrying out the analyses, and the advantages and
disadvantages of each technique.

Urolithiasis

The term urolithiasis refers to the presence
of uroliths in one of the portions of the urinary system
(kidneys, ureters, bladder, and urethra). Uroliths, also
known as calculi or stones, have already been reported
in several animal species (ROBINSON et al., 2008),
but more commonly observed in humans (SINGH
& RAI, 2014), canines (ROE et al., 2012), and felines
(HOUSTON et al., 2016). In humans, kidney stones
are the most frequent (SINGH & RAI, 2014), while
the bladder and urethra are the most observed sites in
canines and felines (OSBORNE et al., 2009; BARTGES
& CALLENS, 2015; HOUSTON et al., 2016).

Urolithiasis is considered a consequence of
other diseases. Therefore, it is necessary to investigate
the possible causes that led the individual to develop
the stone, such as a low protein diet, anatomical
changes, and metabolic disorders (BARTGES &
CALLENS, 2015; LULICH et al., 2016). Also, there
are the so-called risk factors, which enhance the
chance of a patient developing the disease. Race,
age, sex (OSBORNE et al., 2009; ROE et al., 2012;
HOUSTON et al., 2016), body score, water intake,
urination frequency (BARTGES & CALLENS,
2015; BARTGES, 2016), and even climate and
geographic location (ANGEL-CARAZA et al., 2010;
SHAMEMA et al., 2015) are among the risk factors.

Affected patients may be asymptomatic
or manifest different clinical signs, such as dysuria,
periuria, and hematuria. The severity and intensity
of clinical signs vary according to the size, quantity,
shape, and location of the stones (BARTGES &
CALLENS, 2015; OKAFOR etal., 2013; BARTGES,
2016). Complementary exams such as abdominal
radiography and ultrasound allow the visualization
of uroliths in the urinary tract but do not determine
their cause (OSBORNE et al., 2009; LANGSTON et

al., 2008). Thus, clinical or surgical treatment should
not be considered the final outcome of the disease
(LULICH et al., 2016; KALINSKI et al., 2012;
JOSHI et al., 2014; BARTGES & CALLENS, 2015).

Urolith is defined as a solid concretion
composed of crystalloid material and organic matrix
(LULICH et al., 2011). Its is classified according
to the mineral in its composition, which can be
struvite (magnesium ammonium phosphate or triple
phosphate), calcium oxalate (monohydrate and
dihydrate), urate (ammonium urate, uric acid, and
sodium urate), cystine, xanthine, calcium phosphate
(brushite, hydroxyapatite, and apatite carbonate), and
silica (ANGEL-CARAZA et al.,, 2010; ROGERS
et al.,, 2011; HOUSTON et al., 2016). Some calculi
may have drugs (fluoroquinolones, tetracyclines,
and sulfonamides) in their composition (OSBORNE
et al., 2008). Foreign bodies, such as suture threads,
may also be present in the stone composition, which
may be the formation nucleus (ULRICH et al., 2009;
LULICH et al., 2011).

The components can be found in the
various calculus layers. The first urolith layer to be
formed, from the center to the edge, is called nucleus
or nidus, but it is not always the geometric center of
the calculus. The body is the second layer and has
the largest portion. Finally, there is the wall region,
which is the outer urolith layer and may show surface
crystals, being an incomplete layer (KOEHLER et al.,
2009; ULRICH et al., 2009; LULICH et al., 2011).

Each part of the urolith can contain different
compounds. A urolith is classified as simple when it
has more than 70% of a mineral in its composition,
receiving the name of the element present in a higher
amount. On the other hand, the urolith is classified
as mixed when no layer is identified and none of its
components reaches 70% of the total. Moreover, it is
classified as composite when it has layers interspersed
with different compositions (KOEHLER et al., 2009).

Confirmation of the composition is only
possible through analytical techniques (ULRICH
et al, 2009; KALINSKI et al.,, 2012), allowing
the investigation of the underlying cause and the
lithogenesis process (KALINSKI et al., 2012; LEE et
al., 2012), in addition to the correct disease treatment
(BASIRI et al.,, 2012; CLOUTIER et al., 2014;
KOCADEMIR et al., 2016).

Analysis techniques

The chemical composition of uroliths was
first reported in the late 18th century, and the most
diverse substances present in lytic concretions can
be currently identified with studies and development
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of techniques (BASIRI et al, 2012; LEE et al,
2012; CLOUTIER et al., 2014; JOSHI et al., 2014;
KOCADEMIR et al., 2016).

Several methods are available for analysis
of urinary stones, being classified into physical and
chemical and qualitative or quantitative (KOEHLER
et al., 2009; YAPANOGLU et al., 2010; PRIMIANO
et al,, 2015; SHAMEMA et al., 2015). Physical
methods, quantitative or semi-quantitative, are
the most suitable, as they allow evidencing the
urolith layers and determining and quantifying the
substances of each portion (LANGSTON et al., 2008;
KOEHLER et al., 2009). Moreover, these methods
allow the classification of the stones as simple, mixed,
and composite (KOEHLER et al., 2009) and the
differentiation of subdivisions in the mineral group
(e.g., calcium oxalate monohydrate and dihydrate)
(KASIDAS et al., 2004; SCHUBERT, 2006).

Qualitative chemical analysis

The qualitative chemical analysis
technique is performed by several laboratories due
to its ease, quickness, and low cost, being a routine
analysis (KASIDAS et al., 2004; D’ALESSANDRO
et al., 2017). No special instruments are required for
this technique (HESSE et al., 2005; SCHUBERT,
2006; PRIMIANO et al.,, 2015; SIENER et al.,
2016; RACEK et al., 2019). The method is based on
colorimetric tests that identify individual chemical
components, such as inorganic cations and anions
and organic components (KASIDAS et al., 2004;
KOEHLER et al., 2009; RACEK et al., 2019). The
sample is pulverized and a certain amount of drops
of specific reagents is added to it (CLOUTIER et al.,
2014), leading to color changes (KOEHLER et al.,
2009) and the formation of bubbles and/or precipitate
(PRIMIANO et al., 2015) in the presence of certain
components, such as ammonium, carbonate, calcium,
cystine, phosphate, magnesium, oxalate, and urate
(MOORE, 2007).

This technique does not allow the
identification of layers nor the presence of different
constituents per layer because the sample is pulverized
(KOEHLER et al., 2009; CLOUTIER et al., 2014).
It is also not possible to quantify the percentage of
components (CLOUTIER et al., 2014; RACEK et
al., 2019), making it difficult to classify the sample
as simple, mixed, or composite (CLOUTIER et al.,
2014; KOEHLER et al., 2009). The reagents used
in this type of analysis do not detect substances in
amounts lower than 20% nor components such as
silica, xanthine, and drugs (ULRICH et al., 1996;
MOORE, 2007; KOEHLER et al., 2009; RACEK

et al., 2019). Another limitation for performing this
technique is the need for at least 50 mg of material,
thus creating problems in the processing of very small
stones (KASIDAS et al., 2004).

The method is also little sensitive in
detecting calcium and oxalate (KANCHANA et al.,
2009; SHARMA et al., 2014), and the technique
can present false-positive and false-negative results
(KASIDAS et al., 2004; BASIRI et al., 2012) and
worse performance in determining the composition of
mixed calculi compared to single component calculi
(KASIDAS et al., 2004). The evaluation of calculi in
children using chemical analysis showed the presence
of calcium oxalate associated with cystine, but the
infrared spectroscopy technique showed the presence
of only cystine, indicating a false-positive result for
calcium oxalate (D’ALESSANDRO et al., 2017).

The detection rate of cystine uroliths
decreases from 70% to 58% when associated with
phosphate (KASIDAS et al., 2004). The chemical
analysis of a study carried out with uroliths of human
patients showed an error rate of 94% (HESSE et al.,
2005) and from 80% to 100%, depending on the
substance (SIENER et al., 2016).

The chemical analysis carried out in a
study with 55 canine uroliths showed an error in
determining the composition of five uroliths, as
silica was not detected (ARIZA, 2014). However,
the chemical analysis was important to differentiate
organic calculi (xanthine and urate).

Quantitative or semi-quantitative analysis
Polarized light microscopy

The polarized light microscopy (PLM)
technique is widely used for identifying the
composition of urinary stones (RACEK et al., 2019).
A polarization microscope, which is based on the
interaction of polarized light with the sample crystals,
is used in this technique (KASIDAS et al., 2004;
SCHUBERT, 2006). The crystalline components
of uroliths are identified according to the different
optical properties of minerals (KASIDAS et al.,
2004; OLDENBOURG, 2013; RACEK et al., 2019).

The polarization microscope differs
from a standard transillumination microscope by
the addition of a polarizer before the condenser
(OLDENBOURG, 2013). Optical properties, such as
color, crystal shape, and birefringence, are parameters
compared to known standards used to determine the
stone composition (SCHUBERT, 2006; BASIRI et
al., 2012; OLDENBOURG, 2013).

The analysis through the PLM technique
requires the calculus to be sectioned to visualize its

Ciéncia Rural, v.52, n.1, 2022.



4 Gomes et al.

internal structure (KASIDAS et al., 2004). After
identifying the layers, the material is taken from
several points and immersed in a liquid with a known
refractive index (AGUILAR-RUIZ et al., 2012)
and, subsequently, the identification is carried out
using a polarization microscope (KASIDAS et al.,
2004; MOORE, 2007; KOEHLER et al., 2009). The
difference in the refraction of crystalline components
determines the composition and approximate
proportion of components per layer, thus providing a
quick result (AGUILAR-RUIZ et al., 2012).

Costs, speed of the exam, and the
possibility of analyzing small samples are advantages
of the technique (RACEK et al., 2019). It also allows
the differentiation of the degree of hydration of
calcium oxalate uroliths (dihydrate and monohydrate)
and the detection of components present at very small
quantities (SCHUBERT, 2006).

Among the disadvantages are the difficulty
of quantitative analysis in mixed uroliths and the
differentiation of calculi derived from purine (such as
urate and xanthine) (SCHUBERT, 2006) and formed
by drugs (OSBORNE et al., 2008; PRIMIANO et al.,
2015). Calcium oxalate monohydrate and calcium
carbonate crystals have a similar aspect, which can
make it difficult to distinguish between the two,
being indicated the association of another technique
(HAWKINS et al., 2009).

Its limitations are determined by the optical
properties of the material, i.e., fine or amorphous
materials cannot be analyzed and smaller mixtures can
be neglected. Semi-quantitative evaluation is possible
only by subjective evaluation. The standardization
of this method is problematic and prone to major
subjective error. For this reason, it must be used in
association with another method of analysis (RACEK
et al., 2019).

X-ray diffraction

This technique consists of analyzing
the X-ray diffraction of the sample components
(BLASCHKO et al., 2013). The crystalline material
upon receiving the X-rays spreads them in a
unique diffraction pattern depending on the atomic
arrangement of its structure, which is registered,
allowing comparison with known reference standards
to identify the substances (KUMAR et al., 2006;
BUNACIU et al., 2015).

Monochromatic X-rays penetrate the
sample and are reflected in characteristic patterns
(KASIDAS et al., 2004; SCHUBERT, 2006), such as
a “fingerprint” (JOSHI et al., 2014; BUNACIU et al.,
2015). The material to be analyzed must be crystalline

and mixed amorphous substances are not detectable,
which can cause problems when non-mineralogical
components (proteins) are present in the sample
(KASIDAS et al., 2004; PRIMIANO et al., 2015).

The technique provides information on
the analysis of the crystalline phase and chemical
characteristics (BHATT & PAUL, 2008; BUNACIU
et al., 2015). X-ray diffraction (XRD) is one of
the most suitable methods for identifying urolith
composition because it has a high degree of reliability
(KUMAR et al., 2006; SIENER et al., 2016), being
fast and sensitive, and providing accurate information
(KOCADEMIR et al., 2016).

The advantages of this method include
easy preparation, automatic component measurement,
automatic  sample exchange, semi-automatic
XRD evaluation (automatic search for pattern
matching), exact differentiation of all crystalline
components (SCHUBERT, 2006), and analysis of
very small samples (YAPANOGLU et al., 2010).
The disadvantages are high costs, detection of only
crystalline components, and 30-minute time for
sample evaluation (SCHUBERT, 2006; BLASCHKO
et al., 2013). The presence of more than three
components in the urolith reduces the effectiveness
of the method (BLASCHKO et al., 2013).

A study compared the chemical analysis,
infrared spectroscopy, and XRD, and the latter showed
higher accuracy in identifying the types of urolithiasis
and the subtypes of substances present in uroliths
from human patients (SIENER et al., 2016). According
to HESSE et al. (2005), the XRD method produced the
most accurate results for determining the composition
of mixed struvite, apatite, whewellite, and uric acid
urinary stones. According to Schubert (2006), different
types of phosphates (apatite and hydroxyapatite) were
analyzed qualitatively and only XRD detected the two
compounds in 100% of the cases.

Infrared spectroscopy

Infrared spectroscopy is one of the most
used spectroscopy techniques. The method involves
the use of a spectrophotometer that has an infrared
light spectrum that interacts and identifies the sample
molecules. The light simulates atomic vibrations and,
consequently, energy absorption occurs, resulting in
absorption or transmittance waves (KASIDAS et al.,
2004; SCHUBERT, 2006; BASIRI et al., 2012).

The technique is based on unique
wave patterns generated when infrared waves
encounter sample molecules. Some waves are
absorbed (absorbance) and others cross the sample
(transmission), forming a spectrum (SCHUBERT,

Ciéncia Rural, v.52, n.1, 2022.

L d

Erwad

.,

co.

e

co.



esiseoizzzze -

Physicochemical techniques for determining the composition of canine and feline uroliths: a literature review. 5

2006). The resulting spectrum is such as a molecular
“fingerprint” of the sample (KOEHLER et al., 2009;
KASIDAS et al., 2004), as no molecular structure
produces the same infrared spectrum (BHATT &
PAUL, 2008; SELVARAJU et al., 2015). They are
compared to known reference spectra for identification
(KOEHLER et al., 2009; BASIRI et al., 2012).

A vibrational molecular stretching and
flexion of groups of covalently bonded atoms occur
in response to excitation at specific wavelengths in
samples exposed to infrared radiation (KASIDAS
et al., 2004). Quantitative estimates can be obtained
because the band intensities are proportional to the
compound concentration (PRIMIANO et al., 2015).

Infrared spectroscopy is the most widely
used quantitative method in laboratories that perform
urolith analysis around the world (BLASCHKO, et
al.,, 2013; SELVARAIJU et al., 2015) because the
result is relatively fast, specific (KASIDAS et al.,
2004; KOCADEMIR et al., 2016), and requires a
small amount of sample (KOCADEMIR et al., 2016;
D’ALESSANDRO et al., 2017). It is a relatively
low-cost technique when considering the value of the
equipment and analysis, especially when compared
to the X-ray diffraction and scanning electron
microscopy with energy-dispersive spectroscopy
(BHATT & PAUL, 2008; BASIRI et al., 2012).

This method is useful in the characterization
of organic and inorganic matter and drug metabolites
(KASIDAS et al., 2004; OSBORNE et al., 2008;
D’ALESSANDRO et al., 2017). It also identifies
crystalline and amorphous components, such as proteins
and fat (HESSE et al., 2005; SIENER et al., 2016),
determining the quantities of the different substances in
the sample (MOORE, 2007; KOEHLER et al., 2009).

The method also differentiates calcium
oxalate monohydrate and dihydrate and identifies the
types of calcium phosphate (MOORE, 2007). Despite
the high sensitivity of the method, substances such
as phosphates and silica are difficult to detect by
infrared spectroscopy if calcium carbonate is present.
It occurs due to the high absorption of infrared waves
by carbonate, which can overlap and prevent the
analysis of low constituents. The efficient analysis of
calculi with these compositions can associate infrared
spectroscopy with energy-dispersive spectroscopy
(DIAZ-ESPINEIRA et al., 1997). Calcium oxalate
monohydrate at low concentrations can be lost in
the presence of uric acid due to the superposition
of peaks, which does not occur in X-ray diffraction
(SIENER et al., 2016).

The Fourier  transform infrared
spectroscopy (FT-IR) is the most widely used infrared

technique (SELVARAJU et al., 2015). The FT-IR
technique simultaneously evaluates all frequencies
in the infrared spectrum using mobile and fixed
mirror that speeds up the sample analysis, which is an
advantage compared to the traditional method. The
analysis is carried out by identifying the urolith layers
and collecting the material (powder) from each layer,
being subsequently analyzed by the equipment after
pelletizing in tablets containing potassium bromide
(SELVARAIJU et al., 2015; RACEK et al., 2019).

The disadvantages of infrared
spectroscopy techniques include the delay in
sample preparation and difficulty in differentiating
purine uroliths (SCHUBERT, 2006). Although this
method allows for semi-quantitative evaluation of
all components present and apparently provides
valuable information on the stone composition, it
requires special instrumentation (RACEK et al.,
2019). Knowing the spectrum of the largest possible
number of pure substances is important for the proper
composition determination for comparison purposes
(CLOUTIER et al., 2014). Also, obtaining a complete
database is important for a comparison of the spectra
(PRIMIANO et al., 2015).

The composition of a human urinary
stone was determined by PLM as being a urate
urolith, but the infrared spectroscopy identified
it as 2,8-dihydroxyadiene, a purine metabolite
(KESHAVARZI et al., 2016). The infrared
spectroscopy error rate reached 20% while that of
XRD reached 30% (HESSE et al., 2005). On the other
hand, another study found an infrared spectroscopy
error ranging from 4% to 85%, while the XRD
technique showed a lower error rate (38%) depending
on the substance (SIENER et al., 2016).

Energy-dispersive spectroscopy

Energy-dispersive spectroscopy (EDS)
is a technique used for elementary analysis and
determination of the chemical composition of
samples (LEE et al., 2012), consisting of analyzing
the energy of photons generated from the dispersion
of electrons in the sample to be analyzed (KALINSKI
et al., 2012). The EDS equipment is usually coupled
to a scanning electron microscope (SEM), which also
allows the analysis of the physical characteristics of a
sample (KALINSKI et al., 2012).

The scanning electron microscope
uses electrons instead of light to form the image
(MARICKAR et al., 2009), which is exposed to
an electron beam and emits signals in the form
of secondary -electrons, backscattered -electrons,
characteristic X-rays, and Auger electrons, among
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others, being read by specific detectors. The emitted
signals allow obtaining a morphological analysis of the
sample through the image (KALINSKI et al., 2012).

Images produced by SEM has a high
resolution, which means that very small samples
can be examined with high magnification, i.e., in the
order of two to five nanometers. It has a great depth
of field, allowing a large amount of the sample to be
focused at a time (MARICKAR et al., 2009).

The atoms on the sample surface interact
with the emission of an electron beam in the analysis
by EDS. The electrons in the inner layers of the atoms
are excited and ejected. Electrons from the outermost
layers tend to fill the space left by the electrons in
the inner layer. An electron passing from the outer layer
to the innermost layer releases energy in the form of
X-rays, which are captured by the equipment. The
emitted radiation is characteristic of each of the sample
elements (KALINSKI et al., 2012; LEE et al., 2012).

The information generated by the EDS
analysis consists of a spectrum that shows peaks
corresponding to the elements present in the
examined area, thus revealing the stone composition
(MARICKAR et al., 2009; KALINSKI et al., 2012).
Therefore, EDS can provide a quick qualitative
analysis of the elemental composition with a sampling
depth of 1 to 2 pm (LEE et al., 2012). In addition, it
allows evaluating the different calculus regions and
obtaining the percentage of the different elements
present in the sample to determine the composition of
each layer (SCHUBERT, 2006; MARICKAR et al.,
2009; KALINSKI et al., 2012).

Non-conductive energy samples, such as
urinary stones, need to be coated with conductive
substances, such as carbon, gold, silver, or platinum,
in a process called metallization so that the analysis
can be carried out (KASIDAS et al., 2004).

The detection of chemical elements using
EDS is only possible for those with an atomic number
between four (beryllium — Be) and 92 (uranium — U),
but some authors have described that elements with
an atomic number lower than 12 are difficult to be
detected (KALINSKI et al., 2012; LEE et al., 2012).
Another influencing factor involves the conditions of
the sample surface, i.e., the more irregular, the lower
the detection limit. Elemental distribution analysis
is used to obtain the percentage of composition
of all elements distributed in the sample, being
significantly useful for the recognition of crystals not
identified by ordinary light microscopy or SEM alone
(MARICKAR et al., 2009).

The samples to be analyzed using SEM/
EDS analysis undergo little interference in their

physical and chemical structures, which makes the
analysis repeatable and the use of another technique
if necessary (KALINSKI et al., 2012). The analysis
can be performed with very small samples (even
those smaller than 3 mm in diameter) (RACEK et
al, 2019). SEM allows the verification of the stone
morphology and its structure on the surface and
inside (KOCADEMIR et al., 2016).

Among the disadvantages, the method is
considered expensive and complicated, in addition
to not being used for routine analysis of stones
(MARICKAR et al., 2009). Another disadvantage of
this technique consists of the non-differentiation of
organic compounds, such as urate and xanthine, nor
the forms of calcium phosphate, such as brushite and
apatite (SCHUBERT, 2006; MOORE, 2007).

The method has already been used by
several authors in the analysis of urinary stones
(ESCOLAR & BELLANATO, 2003; LEE et al,
2012; JOSHI et al., 2014). However, it is usually used
as a complementary method (RACEK et al., 2019).

In a study with nephroliths from human
patients, the EDS technique showed peaks in carbon,
oxygen, and nitrogen in uric acid uroliths, while
calcium oxalate uroliths showed peaks in calcium,
carbon, and oxygen and struvite uroliths showed
peaks in magnesium, phosphorus, oxygen, carbon,
and nitrogen (LEE et al., 2012). A study with human
urinary stones showed that the thermogravimetry
(TG), FT-IR, and XRD techniques were effective in
determining stone composition, but some elements
were only identified by EDS (JOSHI et al., 2014).

In a study developed by SHAMEMA et al.
(2015), the EDS method could detect zirconium and
mercury in uroliths, but not detected by XRD and
Fourier transform infrared spectroscopy. The presence of
the substances was associated with groundwater intake.

A total of 55 canine urinary stones were
analyzed by EDS, of which 77% were simple stones
(32% of struvite, 29% of calcium oxalate, 7% of
cystine, 5% of urate, and 6% of calcium phosphate,
i.e., apatite and carbonate) and 23% were composite
and mixed calculi (KALINSKI et al., 2012). Ariza
(2014) used EDS to evaluate the composition of
55 wroliths obtained from canines. The technique
allowed the identification of different mineral types
and made it possible to classify the samples in simple
and mixed according to the amount of each substance,
in addition to differentiating the layers and substances
present in each layer of the sample.

ESCOLAR & BELLANATO (2003)
analyzed 34 feline uroliths through infrared spectroscopy
and EDS. In this case, EDS showed the presence of
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calcium phosphate in the uroliths, whereas the infrared
spectroscopy detected only struvite. The EDS coupled
to SEM allows obtaining the maximum simultaneous
information on the sample using a single instrument.
Therefore, it represents a very effective method for
characterizing kidney stones (RACEK et al, 2019).

CONCLUSION

Urolithiasis is considered a multifactorial
disease and understanding the composition of uroliths
to define the cause of their formation is essential,
especially considering treatment and prevention
measures. Therefore, the analysis of calculi should
always be performed. For this, knowing the available
techniques and their advantages and disadvantages
is an important factor in choosing the method,
in addition to understanding that sometimes it is
necessary to associate techniques.

The selection of techniques must be based
on availability, cost, and speed, but mainly on the
reliability of the result. However, methodologies for
quantitative analysis are better and more sensitive
compared to qualitative analysis. In cases where there
is no possibility of quantitative analysis, the qualitative
one can be chosen, but it should not be the first choice.

Among the techniques, the use of infrared
spectroscopy and EDS provides us with a good
result, as this association allows the classification of
the chemical compounds present in the sample and the
EDS method allows observing its layers. The analysis
methods can be performed in Brazil, at the Universidade
Federal de Goias, and in the United States, at the Minnesota
Urolith Center of the University of Minnesota.

Moreover, none of the methods is 100%
accurate and, therefore, may not be sufficient
to provide information regarding the urolith
composition. Thus, the association of two or more
techniques is recommended, although it is not always
possible in the clinical routine. Urinary lithiasis
is an important disease that does not involve only
the urinary tract. Therefore, greater attention to the
possible causes of the disease is necessary. Also,
carrying out studies involving analysis techniques
and comparing them aiming at developing faster,
more sensitive, and accessible ways to determine the
composition of uroliths is important.

ACKNOWLEDGEMENTS

The authors want to thank by the scientific
scholarship provided to the first author and was financed by the
Coordenagdo de Aperfeigoamento de Pessoal de Nivel Superior
(CAPES), Brasil - Finance code 001.

AUTHORS’ CONTRIBUTIONS

V.R.G. conducted the experiment, collect datas,
analysed the results and wrote the manuscript, P.C.A., L.L.Q.
collect and analysed datas, M.C.S.F. designed the research and
revised manuscript.

DECLARATION OF
INTEREST

CONFLICT OF

The authors declare no conflicts of interest. The
founding sponsors had no role in the design of the study; in the
collection, analyses or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

REFERENCES

AGUILAR-RUIZ, J. et al. Application of mineralogical techniques
inthe study ofhuman lithiasis. Ultrastructural Pathology,v.36,n.6,
p.367-376, 2012. Available from: <http://www.tandfonline.com/
doi/abs/10.3109/01913123.2012.729879?journal Code=iusp20>.
Accessed: Feb. 10, 2020. doi: 10.3109/01913123.2012.729879.

ANGEL-CARAZA, J. et al. Composition of lower urinary tract stones
in canines in Mexico City. Urological Research, v.38,n.3, p.201-204,
2010. Available from: <https://pubmed.ncbi.nlm.nih.gov/20077111/>.
Accessed: Jan. 9, 2020. doi: 10.1007/500240-009-0248-7.

ARIZA, P. C. Composicio de wurélitos vesicais de cies
determinada por espectroscopia de energia dispersiva (EDS) e
analise quimica. 2014. 63f. Dissertagdo Curso de Pos-graduagio
em Ciéncia Animal, Universidade Federal de Goias.

BASIRI, A. et al. What is the state of the stone analysis techniques
in urolithiasis? Urology Journal, v.9, n.2, p.445-454, 2012.
Available from: <https:/journals.sbmu.ac.ir/urolj/index.php/uj/
article/view/1469/644>. Accessed: Jan. 11, 2020.

BARTGES, J. W.; CALLENS, A. J. Urolithiasis. Veterinary
Clinics of North America: Small Animal Practice, v.45, n.4,
p.747-768, 2015. Available from: <https:/pubmed.ncbi.nlm.
nih.gov/26002797/>. Accessed: Jan. 8, 2020. doi: 10.1016/j.
cvsm.2015.03.001.

BARTGES, J. W. Feline calcium oxalate urolithiasis: risk factors
and rational treatment approaches. Journal of Feline Medicine
Surgery, v.18, n.9, p.712-722, 2016. Available from: <https://
pubmed.ncbi.nlm.nih.gov/27562981/>. Accessed: Jan. 9, 2020.
doi: 10.1177/1098612X16660442.

BHATT, P. A.; PAUL, P. Analysis of urinary stone constituents
using powder X-ray diffraction and FT — IR. Journal of Chemical
Sciences, v.120, n.2, p.267-273, 2008. Available from: <https://
link.springer.com/article/10.1007/s12039-008-0032-1>. Accessed:
Feb. 10, 2020. doi: 10.1007/s12039-008-0032-1.

BLASCHKO, S.D. et al. Microcomposition of human urinary
calculi using advanced imaging techniques. The Journal of
Urology, v.189, n.2, p.726-734, 2013. Available from: <https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4124914/>.  Accessed:
Feb. 11, 2020. doi: 10.1016/j.juro.2012.09.098.

BUNACIU, A. A. et al. X-Ray Diffraction: Instrumentation
and Applications. Critical Reviews in Analytical Chemistry,

Ciéncia Rural, v.52, n.1, 2022.



8 Gomes et al.

v.45, n4, p.289-299, 2015. Available from: <https:/pubmed.
ncbi.nlm.nih.gov/25831472/>. Accessed: Feb. 13, 2020. doi:
10.1080/10408347.2014.949616.

CLOUTIER, J. et al. Kidney stone analysis: “Give me your stone,
I will tell you who you are!” World Journal of Urology, v.33,
n.2, p.157-169, 2014. Available from: <https://pubmed.ncbi.
nlm.nih.gov/25465911/>. Accessed: Jan. 28, 2020. doi: 10.1007/
s00345014-1444-9.

D’ALESSANDRO, M. M. et al. Fourier transform infrared
analysis of urinary calculi and metabolic studies in a group of
Sicilian children. Iranian Journal Kidney Diseases, v.11, n.3,
p-209-216, 2017. Available from: <https://pubmed.ncbi.nlm.nih.
2gov/28575881/>. Accessed: Jan. 28, 2020.

DIAZ-ESPINEIRA, M. et al. Infrared and atomic spectrometry
analysis of the mineral composition of a series of equine sabulous
material samples and urinary calculi. Research in Veterinay
Science, v.63, n.1, p.93-95, 1997. Available from: <https://
pubmed.ncbi.nlm.nih.gov/9368965/>. Accessed: Jan. 9, 2020. doi:
10.1016/s0034-5288(97)90166-1.

DOMINGOS, F.; SERRA, A. Histéria da litiase urinaria — os
primordios da nefrologia. Revista Portuguesa de Nefrologia e
Hipertensio, v.18, n.3, p.143-153, 2004. Available from: <http://
www.bbg01.com/cdn/clientes/spnefro/pjnh/7/artigo 02.pdf>.
Accessed: Jan. 9, 2020.

ESCOLAR, E.; BELLANATO, J. Analysis of feline urinary calculi
and urethral plugs by infrared spectroscopy and scanning electron
microscopy. The Veterinary Record, v.152, n.8, p.625-628, 2003.
Available from: <https:/pubmed.ncbi.nlm.nih.gov/12790167/>.
Accessed: Jan. 28, 2020. doi: 10.1136/vr.152.20.625.

FIALOVA, D. et al. The application of scanning electron
microscopy with energy-dispersive x-ray spectroscopy
(SEM-EDX) in ancient dental calculus for the reconstruction
of human habits. Microscopy and Microanalysis, v.23, n.6,
p-1207-1213, 2017. Available from: <https://pubmed.ncbi.nlm.
nih.gov/29151368/>. Accessed: Jan. 28, 2020. doi: 10.1017/
S1431927617012661.

HAWKINS, M. G. et al. Composition and characteristics of urinary
calculi from guineapigs. Journal of the American Veterinary
Medical Association, v.234, n.2, p.214-220, 2009. Available
from: <https://pubmed.ncbi.nlm.nih.gov/19210239/>. Accessed:
Jan. 28, 2020. doi: 10.2460/javma.234.2.214.

HESSE, A. et al. Quality control in urinary stone analysis :
results of 44 ring trials (1980 — 2001). Clinical Chemistry and
Laboratory Medicine, v.43, n.3, p.298-303, 2005. Available
from: <https://pubmed.ncbi.nlm.nih.gov/15843235/>. Accessed:
Jan. 28, 2020. doi: 10.1515/CCLM.2005.051.

HOUSTON, D. M. et al. Evaluation of 21 426 feline bladder
urolith submissions to the Canadian Veterinary Urolith Centre
(1998-2014). The Canadian Veterinary Journal, v.57, n.2,
p-196-201, 2016. Available from: <https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC4713001/>. Accessed: Jan. 28, 2020.

JOSHI, V. S. et al. Some critical aspects of FT-IR, TGA, powder
XRD, EDAX and SEM studies of calcium oxalate urinary
calculi. Indian Journal Biochemistry & Biophysics, v.51, n.3,
p-237-243, 2014. Available from: <https://pubmed.ncbi.nlm.nih.
2gov/25204087/>. Accessed: Jan. 9, 2020.

KALINSKI, K. et al. An application of scanning electron
microscopy combined with roentgen microanalysis (SEM-EDS)
in canine urolithiasis. Journal of Electron Microscopy (Tokyo),
v.61, n.1, p.47-55, 2012. Available from: <https://pubmed.ncbi.
nlm.nih.gov/22155717/>. Accessed: Jan. 9, 2020. doi: 10.1093/
jmicro/dfr086.

KANCHANA, G. et al. Bio-chemical analysis and FTIR-spectral
studies of artificially removed renal stone mineral constituents.
Journal of Minerals Materials Characterizaton Engineering,
v.8,1n.2, p.161-170, 2009. Available from: <https://www.scirp.org/
journal/paperinformation.aspx?paperid=20604>. Acessed: Jan. 8,
2020. doi: 10.4236/jmmce.2009.82014.

KASIDAS, G. P. et al. Renal stone analysis: Why and how?.
Annals of Clinical Biochemistry, v.41, n.2, p.91-97, 2004.
Available from: <https://pubmed.ncbi.nlm.nih.gov/15025798/>.
Accessed: Jan. 28, 2020. doi: 10.1258/000456304322879962.

KESHAVARZI, B. et al. Mineralogical Composition of Urinary
Stones and Their Frequency in Patients : Relationship to Gender.
Minerals, v.6, n.4, p.132-135, 2016. Available from: <https://
www.mdpi.com/2075-163X/6/4/131>. Accessed: Jan. 8, 2020. doi:
10.3390/min6040131.

KOCADEMIR, M. et al. Structural -characterization and
vibrational studies of human urinary stones from Istanbul,
Turkey. Spectrochimica Acta - Part A Molecular and
Biomolecular Spectroscopy, v.160, n.5, p.1-7, 2016. Available
from: <https://www.sciencedirect.com/science/article/abs/pii/
S1386142516300543>. Accessed: Jan. 28, 2020. doi: 10.1016/j.
5aa.2016.01.055.

KOEHLER, L. A. et al. Canine uroliths: frequently asked questions
and their answers. Veterinary Clinics of North America: Small
Animal Practice, v.39, n.1, p.161-181, 2009. Available from:
<https://pubmed.ncbi.nlm.nih.gov/19038657/>. Accessed: Jan. 8§,
2020. doi: 10.1016/j.cvsm.2008.09.007.

KUMAR, N. etal. Physical, X-ray diffraction and scanning electron
microscopic studies of uroliths. Indian Journal Biochemistry &
Biophysics, v.43, n.8, p.226-232, 2006. Available from: <https://
pubmed.ncbi.nlm.nih.gov/17133766/>. Accessed: Feb. 9, 2020.

LANGSTON, C. et al. Diagnosis of urolithiasis. Compendium
on Continuing Education for the Practising Veterinarian, v.30,
n.8, p.447-445, 2008. Available from: <https://pubmed.ncbi.nlm.
nih.gov/18833542/>. Accessed: Feb. 9, 2020.

LEE, H. P. et al. Characterization of kidney stones using
thermogravimetric analysis with electron dispersive spectroscopy.
Urological Research, v.40, n.3, p.197-204, 2012. Available from:
<https://pubmed.ncbi.nlm.nih.gov/21968468/>. Accessed: Feb. 9,
2020. doi: 10.1007/s00240-011-0428-0.

LULICH, J. P. et al. Canine and feline urolithiasis: diagnosis,
treatment, and prevention. In: BARTGES, J.; POLZIN, D.J.
Nephrology and urology of small animals. West Sussex: Wiley-
Blackwell; 2011. Cap.69, p.687-706.

LULICH, J. P. et al. ACVIM small animal consensus
recommendations on the treatment and prevention of uroliths in
dogs and cats. Journal of Veterinary Internal Medicine, v.30,
n.5, p.1564-1574, 2016. Available from: <https://pubmed.ncbi.
nlm.nih.gov/27611724/>. Accessed: Jan. 28, 2020. doi: 10.1111/
jvim.14559.

Ciéncia Rural, v.52, n.1, 2022.

PO

co.

-

L4
Crid




e S, I

oy,
" oo,

T P
ooy’

»,

ooy

Physicochemical techniques for determining the composition of canine and feline uroliths: a literature review. 9

MARICKAR, Y. M. F. et al. EDAX versus FTIR in mixed stones.
Urological Research, v.37, n.5, p.271-276, 2009. Available from:
<https://pubmed.ncbi.nlm.nih.gov/19536531/>. Accessed: Feb. 9,
2020. doi: 10.1007/s00240-009-0202-8.

MOORE, A. Quantitative analysis of urinary calculi in dogs
and cats. Veterinary Focus, v.17, n.1, p.22-27, 2007. Available
from: <https://www.researchgate.net/publication/283997475>.
Accessed: Jan. 28, 2020.

OKAFOR, C. C. et al. Risk factors associated with calcium oxalate
urolithiasis in dogs evaluated at general care veterinary hospitals in
the United States. Journal of the American Veterinary Medical
Association, v.243, n.12, p.1737-1728, 2013. Available from:
<https://pubmed.ncbi.nlm.nih.gov/24834804/>. Accessed: Jan. 28,
2020. doi: 10.1016/j.prevetmed.2014.04.006.

OLDENBOURG, R. Polarized light microscopy : principles and
practice. Cold Spring Harbor Protocols, v.11, n.1, p.1022-1036,
2013. Available from: <https://pubmed.ncbi.nlm.nih.gov/24184765/>.
Accessed: Jan. 28, 2020. doi: 10.1101/pdb.top078600.

OSBORNE, C. A. et al. Analysis 0f 451,891 canine uroliths, feline
uroliths, and feline urethral plugs from 1981 to 2007: perspectives
from the Minnesota Urolith Center. Veterinary Clinics of North
America: Small Animal Practice, v.39, n.1, p.183-197, 2009.
Available from: <https:/pubmed.ncbi.nlm.nih.gov/19038658/>.
Accessed: Feb. 12, 2020. doi: 10.1016/j.cvsm.2008.09.011.

OSBORNE, C. A. et al. Drug - induced urolithiasis. Veterinary
Clinics of North America: Small Animal Practice, v.39, n.1,
p.55-63, 2008. Available from: <https://pubmed.ncbi.nlm.nih.
2gov/17038978/>. Accessed: Feb. 12, 2020.

PRIMIANO, A. et al. FT-IR analysis of urinary stones: a helpful
tool for clinician comparison with the chemical spot test. Disease
Markers, v.4, n4, p.1-5, 2015. Available from: <https://www.
hindawi.com/journals/dm/2014/176165/>. Accessed: Jan. 12,
2020. doi: 10.1155/2014/176165.

RACEK, M. et al. Scanning electron microscopy in analysis
of urinary stones. Scandinavian Journal of Clinical and
Laboratory Investigation, v.79, n.3, p.208-217, 2019. Available
from: <https://pubmed.ncbi.nlm.nih.gov/30821516>. Accessed:
Jan. 12, 2020. doi: 10.1080/00365513.2019.1578995.

ROBINSON, M. R. et al. Urolithiasis: not just a 2-legged animal
disease. The Journal of Urology, v.179, n.1, p.46-52, 2008.
Available from: <https:/pubmed.ncbi.nlm.nih.gov/17997446/>.
Accessed: Jan. 12, 2020. doi: 10.1016/j.juro.2007.08.123.

ROE, K. et al. Analysis of 14,008 uroliths from dogs in the UK
over a 10-year period. Journal of Small Animal Practice, v.53,
n.11, p.634-640, 2012. Available from: <https://pubmed.ncbi.nlm.
nih.gov/22957984/>. Accessed: Jan. 12, 2020. doi: 10.1111/j.1748-
5827.2012.01275.x.

ROGERS, K. D. et al. Composition of uroliths in small domestic
animals in the United Kingdom. The Veterinary Journal, v.188,
n.2, p.228-230, 2011. Available from: <https://pubmed.ncbi.nlm.
nih.gov/20709586/>. Accessed: Feb. 15, 2020. doi: 10.1016/j.
tvj1.2010.04.022.

SCHUBERT, G. Stone analysis. Urological Research, v.34, n.2,
p-146-150, 2006. Available from: <https://pubmed.ncbi.nlm.nih.
gov/16477427/>. Accessed: Feb. 15, 2020. doi: 10.1007/s00240-
005-0028-y.

SELVARAJU, R. et al. FT-IR spectroscopic, thermal analysis of
human urinary stones and their characterization. Spectrochimica
Acta - Part A Molecular and Biomolecular Spectroscopy,
v.137, n.25, p.1397-402, 2015. Available from: <https://www.
sciencedirect.com/science/article/abs/pii/S1386142514014048>.
Accessed: Feb. 15, 2020. doi: 10.1016/j.saa.2014.09.046.

SHAMEMA, A. A. et al. Physicochemical analysis of urinary
stones from Dharmapuri district. Spectrochimica Acta - Part
A Molecular and Biomolecular Spectroscopy, v.13, n.l,
p-442-448, 2015. Available from: <https://pubmed.ncbi.nlm.
nih.gov/25033236/>. Accessed: Jan. 8, 2020. doi: 10.1016/j.
saa.2014.05.088.

SHARMA, G. et al. Analysis of the chemical composition of
urinary calculi using fourier transform infrared spectroscopy :
a preliminary study. Journal of Postgraduate Medicine,
Education and Research, v.48, n.3, p.128-131, 2014. Available
from: <https://www.researchgate.net/publication/284449853>.
Accessed: Jan. 9, 2020. doi: 10.5005/jp-journals-10028-1117.

SIENER, R. et al. Quality assessment of urinary stone analysis :
results of a multicenter study of laboratories in Europe. PLos One,
v.11, n.6, p.1-10, 2016. Available from: <https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC4889074/>. Accessed: Jan. 9, 2020. doi:
10.1371/journal.pone.0156606.

SINGH, V. K.; RAIL P. K. Kidney stone analysis techniques
and the role of major and trace elements on their pathogenesis:
a review. Biophysical Reviews. v.6, n.(3—4), p.291-310, 2014.
Available from:  <https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5418413/>. Accessed: Jan. 9, 2020. doi: 10.1007/s12551-
014-0144-4.

ULRICH, L. K. et al. Changing paradigms in the frequency and
management of canine compound uroliths. Veterinary Clinics of
North America: Small Animal Practice, v.39, n.1, p.41-53, 2009.
Available from: <https://pubmed.ncbi.nlm.nih.gov/19038649/>.
Accessed: Jan. 8, 2020. doi: 10.1016/j.cvsm.2008.09.009.

YAPANOGLU, T. et al. X-ray diffraction analysis of urinary
tract stones. Turkish Journal of Medical Sciences, v.40, n.3,
p-415-420, 2010. Available from: <https://www.researchgate.net/
publication/228684475>. Accessed: Jan. 9, 2020. doi: 10.3906/
sag-0909-270.

Ciéncia Rural, v.52, n.1, 2022.



