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MORPHOSTRUCTURAL AND MINERALOGICAL FEATURES OF CALCIUM
UROLITHS IN PATIENTS FROM THE DNIPROPETROVSK REGION

K.S. Barannik, R.V. Duka, R.M. Molchanov, S.L. Malinovskyj, Y.V. Pilin

Dnipro State Medical University, Dnipro, Ukraine

Objective — to determine morphostructural and mineralogical features of calcium
urolith formation in residents of an industrially developed region of the Dnipropetrovsk
oblast (Ukraine), and to compare uroliths with the prevalence of monohydrate- and
dehydrate calcium oxalate.

Material and methods. stones, removed without assistance following lithotripsy, or
surgically, were examined by stereoscopic and polarization microscopy. A subgroup of
54 patients (24 monohydrate-, 30 dihydrate-predominant) was compared by 24-hour
urine biochemistry and AP(CaOx) index EQ(s).

Results. Nearly 2/3 of oxalate calculi had weddellite and whewellite in their
composition, accounting for 96.7+3.3%. The ratio of whewellite to weddellite was 4:1.
Other substances accounted for a minor percentage (<2%). One-third of oxalate calculi
contained a significantly higher proportion of other substances. Their oxalate content
constituted 78.4£21.6%, with a whewellite-to-weddellite ratio of 2:3. They also
contained 10% to 30% uric acid crystals. The optical petrography revealed the presence
of 15 mineral species, predominantly oxalate and urate compounds. Quantitative
comparison confirmed that urate content in the urolith was significantly higher in the
monohydrate-predominant group than in the dihydrate-predominant group
(16.3£23.3% vs 0.0%, p<0.001); differences in 24-hour urine calcium, oxalate, citrate,
magnesium and the AP(CaOx) crystallization index did not reach statistical significance
at the available sample size (p>0.05 for all).

Conclusions. Calcium urolith formation occurs in stages, combining crystallization and
recrystallization dependent on urinary pH and stabilizing resources. Progressive
incorporation of uric acid dihydrate into monohydrate-predominant stones coordinates
with their higher urate content, supporting a shared metabolic background relevant to
metaphylaxis.
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MOP®OCTPYKTYPHI TA MIHEPAJIOT'TYHI OCOBJINBOCTI
KAJIBIIEBUX YPOJITIB Y MAIIIEHTIB JHINPOITETPOBCBHKOI
OBJIACTI

K.C. bapannux, P.B. /[yka, PM. Monuanos, C.JI. Manunoecovkuii, €.B. Ilinin

/Ininpoecvkuit deprcasnuil meouunuil ynigepcumem, m. /[ninpo, Yxkpaina

Mema pobomu — susHauumu MOpHOCMPYKMYPHI Mma MIHepanrociyHi 0cooausocmi
GopmysanHs Kanvbyicgux Yponimie y MewKaHyié NPOMUCIOB0 PO3BUHEHO20 Pe2iOHY
[[ninponemposcvroi obnacmi (Ykpaina) ma nopigHsmu yporimu 3 NepeadtCaHHAM
MOHO2IOpamy i ouciopamy oKcaiamy Kaivyiro.

Mamepian i memoou. xameni, wo GiOIUWIU CAMOCMINUNO, NICAS JIMOMPUNCIi abo
8UOaneHi  XIpypeiuHo, O00CAI0JCY8aANU  CIMEPEOCKONIUHOIO Ma  NOAAPU3AYIUHOIO
mikpockoniero. Ilioepyny 3 54 nayienmie (24 monociopam-, 30 oueiopam-
nepesasicarouux) nopieuHiosanu 3a oOioximiclo 000060i ceui ma inoexcom AP(CaOx)
EQ(s).

Pesynomamu. maiioce 2/3 okcaramuux KameHie Micmuau 8e0enim i gegenim y CBOEMY
ckaaodi, wo 6 cymi cmanosuno 96,7+3,3%. Cnigsionouienns eegenimy 00 6edenimy
cmanoguno 4:1. Inwi pevosunu cmanosunu Hesnauny uyacmky (<2%). Tpemuna
OKCANAMHUX KAMEHI8 MICIUIA 3HAYHO GUWLY YACMKY THULUX PEYOBUH. MICI OKCANAMY
6 Hux cmanoeug 78,4+21,6% npu cniesionowenni eegenim:eedenim 2:3, a maxooic 6io
10% oo 30% xpucmanie cewosoi xuciomu. Onmuuna nempocpaghis eussuna 15
MIHEPANbHUX 8UOI8, NEPeBadCHO OKCaramui ma ypamui cnonyku. Kinvxkicne nopigHsanms
niomeepouso, wjo emicm ypamy 6 yporimi 6y8 3HAUHO GUWUM Y SPYNI 3 NePeBANCAHHIM
MOHO02I0pamy NOpieHAHO 3 2pYNoI0 nepesadxcanis ouziopamy (16,3+23,3% npomu 0,0%,
p<0,001); siominnocmi 3a nokasnuxamu 000080i ceui (Kanvyili, oKcaiam, yumpam,
maeniti) ma indexcom kpucmanizayii. AP(CaOx) mne oocsenu cmamucmuynoi
BHAUyuoCcmi 3a HaseHozo oocsey eubipku (p>0,05 015 6Cix NOKA3HUKIG).
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Bucnosku: opmysanns xarvyicgux ypoaimis 6i00ysacmuvcsa cmaoditino, NOEOHYIOYU
Kpucmanizayiio ma pekpucmanizayiro, 3anedicti 6io pH ceui. [Ipoepecyroue sxmouents
ouciopamy ceyo80i KUCIOMU 8 MOHO2IOpam-nepesaxcaiodi yponimu y320004CYEMucs 3
BUWUM 8MICIOM Ypamy 6 Yill 2pyni, NIOMpUmMyouy 2inome3sy CnilbHo20 MemaboniyHO020

Gony, 3nauyuyoeo o memagpinakmuxu.

Introduction

Urolithiasis is one of the most common diseases of
the urinary system and remains a major medical and
socioeconomic challenge in modern urology. According
to contemporary epidemiological studies, its global
prevalence is approximately 2-3% of the general
population and exceeds 10% in certain geographic
regions due to the changes in lifestyle, dietary habits,
climatic conditions, and the increasing prevalence of
metabolic disorders [1-3]. Urolithiasis predominantly
affects individuals of the working age and frequently is
presented with acute renal colic. The disease may be
complicated by urinary tract obstruction, urinary tract
infection, acute kidney injury, and chronic kidney
disease, resulting in substantial morbidity, reduced
quality of life, and considerable healthcare costs.

Despite significant advances in understanding the
etiology and pathophysiology of urinary stone disease, as
well as the widespread implementation of minimally
invasive treatment modalities, recurrent stone formation
remains a major unresolved clinical problem.
Approximately 40-50% of patients experience recurrent
stone episodes, with recurrence rates approaching 50%
within five years and 80-90% within ten years after the
initial episode [1-3]. Consequently, the current European
Association of Urology (EAU) Guidelines emphasize not
only complete stone removal but also reliable stone
composition  analysis, comprehensive  metabolic
evaluation, and individualized metaphylaxis aimed at
preventing recurrent stone formation [1].

Although contemporary endoscopic and
extracorporeal stone removal techniques provide
excellent immediate stone-free rates, they do not
eliminate the underlying lithogenic mechanisms
responsible for recurrent urolithiasis. Likewise, currently
available metaphylactic strategies remain only partially
effective in preventing recurrence. Therefore, further
investigation of the mechanisms underlying urinary stone
formation, pathological biomineralization, crystal
growth, and stone maturation, together with the
development of personalized preventive approaches,
remains highly relevant and of considerable clinical
importance [4-7].

Kidney stone formation represents a complex
multistep process of pathological biomineralization
involving urinary supersaturation, crystal nucleation,
crystal growth, aggregation, retention within the renal
collecting system, and continuous remodeling of the
organic—mineral matrix. Calcium oxalate constitutes the
predominant component of most urinary calculi;
however, the term calcium oxalate stone alone does not
adequately describe its pathogenesis. Calcium oxalate
monohydrate (whewellite) and calcium oxalate dihydrate
(weddellite) are formed under different physicochemical
conditions and may reflect distinct pathways of
lithogenesis. Furthermore, the sequential deposition of
calcium phosphate, urate, and organic matrix

Kiniuna Ta excnepuMmenTanbHa naronoris. 2026. T.25, Ne 3 (97)

components preserves a morphological record of changes
occurring within the urinary microenvironment during
stone development [8-11]. Consequently, detailed
morphological analysis should complement validated
analytical techniques for stone characterization,
including Fourier-transform infrared (FTIR)
spectroscopy and X-ray diffraction, as recommended by
the European Association of Urology Guidelines [12].

Objective

The aim of this study was to identify specific
morphostructural and mineral characteristics of calcium-
containing urolith formation in residents of an
industrially developed region of the Dnipropetrovsk
oblast (Ukraine), and to compare quantitatively the
mineral composition, 24-hour urine biochemistry and the
calculated lithogenicity index between uroliths
predominantly composed of calcium oxalate
monohydrate (whewellite) and those predominantly
composed of calcium oxalate dihydrate (weddellite).

Material and methods

To achieve the study objective, a comparative
morphostructural analysis was performed in a cohort of
54 patients with calcium oxalate urolithiasis from the
industrially developed Dnipropetrovsk region of
Ukraine.

In this study, the term “industrial region” is used
solely to characterize the geographic and socioeconomic
setting. The Dnipropetrovsk region has a diversified
heavy-industrial profile dominating by mining and
mineral processing, ferrous metallurgy, coke-chemical
and chemical production, and mechanical engineering.
However, the present study did not assess ambient
concentrations of specific pollutants, individual
occupational exposure, residential proximity to industrial
facilities, or biomarkers of exposure, and it did not
include a comparison cohort from a non-industrial
region. Therefore, regional industrialization was not
treated as an exposure variable, and the study was not
designed to attribute the observed morphostructural
characteristics of uroliths to any particular industrial
sector or pollutant. The designation is descriptive, and no
causal relationship between industrial activity and urolith
formation can be inferred from the present findings.

Inclusion criteria were: age 18—70 years; a confirmed
diagnosis of urolithiasis with an available stone sample
suitable for macro- and microscopic (petrographic)
examination; for the quantitative subgroup, a semi-
quantitative urolith mineral composition report showing
unambiguous predominance of either monohydrate
(whewellite) or dihydrate (weddellite) calcium oxalate;
and signed informed consent to participate. The
population under study included 21 women and 33 men.
Exclusion criteria were: age under 18 years; urolith of
non-calcium composition or with an equal proportion of
monohydrate and dihydrate components; insufficient
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stone material for thin-section preparation; incomplete
clinical or laboratory documentation; and refusal to
provide informed consent. The study included stones that
passed spontaneously during conservative treatment,
those fragmented after contact or extracorporeal
lithotripsy, and those removed surgically. The
dimensions of the examined stones ranged from 5 to 67
mm in length, from 4 to 54 mm in width, and from 3 to
31 mm in thickness; some stones were larger. The shape
of the stones was variable. Morphostructural
observations and mineralogical studies at the macro level
were performed using an MBS-9 stereoscopic binocular
microscope. All samples were photographed, measured,
and weighed. At this stage, mineralogical investigations
were also carried out, including assessment of the general
color of each calculus, its shape, surface morphology,
hardness according to the Mohs scale, streak color,
macrostructure of the sample, and other mineralogical
features. Petrographic studies of urolith thin sections
were performed using a POLAM R-312 optical
polarization microscope in transmitted plane-polarized
and polarized light. Identification of individual minerals
was based on comparison of known -crystal-optical
characteristics with those determined in the thin sections.

For the quantitative part of the study, a subgroup of
394 patients with urolithiasis, for whom prospectively
collected clinical and laboratory data (semi-quantitative
urolith mineral composition and 24-hour urine
biochemistry) were available in the departmental
database, was screened. Patients whose urolith mineral
composition report indicated a clear predominance of one
calcium oxalate hydrate form over the other were
stratified into two comparison groups: a monohydrate
(whewellite)-predominant group (n=24) and a dihydrate
(weddellite)-predominant group (n=30); patients with an
equal proportion of both components were excluded from
between-group comparison. Within these groups, 24-
hour urinary excretion of calcium, oxalate, citrate,
magnesium, urate and phosphate, where available, was
compared between groups. The relative risk of calcium
oxalate crystallization was estimated using the
standardized AP(CaOx) index EQ(s) of Tiselius [6]:
AP(CaOx)=1.9 x Ca"0.84 x Ox x Mg"-0.12 x Cit*-0.22
x VA-1.03, where Ca, Ox, Mg and Cit are the 24-hour
urinary excretion of calcium, oxalate, magnesium and
citrate (mmol/24h) and V is the urine volume (L/24h),
standardized to 1.5 L because the actual 24-hour urine
volume was not systematically recorded; this index could
therefore be calculated only for patients with a complete
set of the four required parameters (n=6 monohydrate-
predominant, n=4 dihydrate-predominant), and its results
should be regarded as preliminary. Group comparisons
were performed using the Mann—Whitney U test (two-
tailed, appropriate given the small sample sizes and non-
normal distribution of several variables); Welch's t-test is
reported for reference. A value of p<0.05 was considered
statistically  significant.  Statistical analysis was
performed in Python 3 (SciPy 1.17).

All patients signed a written informed consent to
participate in the study. The study was conducted in
accordance with the principles of the Declaration of
Helsinki and received approval from the Bioethics
Committee of Dnipro State Medical University (Dnipro,
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Ukraine), protocol Ne3, of 16.11.2022.

The study was conducted within the framework of the
research project of the Department of Surgery and
Urology, Dnipro State Medical University, entitled
“Optimization of Therapeutic and Preventive Strategies
in Patients with Surgical and Urological Diseases” (State
Registration No. 0125U002385; 2025-2028).

Results and Discussion

Our petrographic studies of the structure of calcium-
containing uroliths, which accounted for 74.2% of all
urinary stones, were therefore focused specifically on this
group. According to the existing classification based on
the pH of the environment, calcium phosphate and
calcium oxalate stones belong to different groups.
Monomineral formations were exceedingly rare (<1%).
Among them, uric acid (urate) stones constituted 14.5%,
struvite — 11.3%, calcium phosphates — 11.3%, calcium
phosphates + oxalates — 29%, and calcium oxalates —
33.9%. However, the study of the morphogenetic features
of calcium-containing uroliths indicates certain
contradictions to previously reported data [4].

To complement the qualitative petrographic findings
above, 54 patients with an unambiguous predominance
of either whewellite or weddellite in the urolith (24 and
30 patients, respectively) were compared for mineral
composition, 24-hour urine biochemistry, and the
estimated AP(CaOx) crystallization index (Table 1). As
expected from the group definition, the monohydrate-
and dihydrate-predominant groups differed strongly in
their respective mineral content (p<0.001 for both).
Notably, the urate content of the urolith was also
significantly higher in the monohydrate-predominant
group (16.3+23.3% vs 0.0%, p<0.001), whereas the
phosphate content did not differ significantly between
groups (p=0.148).

Among 24-hour urine parameters, patients with
monohydrate-predominant  uroliths showed a
numerically higher mean urinary calcium excretion (5.35
vs 3.81 mmol/24h) and lower citrate excretion (2.37 vs
3.98 mmol/24h) compared with the dihydrate-
predominant group, consistent with a relatively more
hypercalciuric and hypocitraturic metabolic profile;
however, neither difference reached statistical
significance (p=0.114 and p=0.127, respectively) at the
available sample sizes (n=8—13 per group). Urinary
oxalate, magnesium, urate, phosphate and creatinine
excretion likewise did not differ significantly between
groups (Table 1).

The AP(CaOx) index EQ(s), calculable only in the
subset of patients with a complete panel of calcium,
oxalate, citrate and magnesium excretion (n=6
monohydrate-predominant, n=4 dihydrate-predominant),
was similar between groups (1.28+0.40 vs 1.30£1.00,
p=0.762), with wide variability in the dihydrate-
predominant subgroup (range 0.26-2.65). Given the very
small subgroup sizes for this analysis and the necessary
assumption of a standardized 1.5 L/24h urine volume,
this result should be regarded as preliminary and
hypothesis-generating rather than conclusive.

The central part of calcium-containing uroliths was
examined at the boundary between the organic core and
the surrounding inner stone (Fig. 1A). Collophane and
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whewellite inclusions were present in the core in 29% of
cases; two whewellite crystal apices were almost entirely
saturated with fine organic inclusions (Fig. 1B). A
polymineral aggregate dominated by cystine grains with

minor weddellite, enveloped by organic matter, was also
observed (Fig. 1C). Adjacent to the core, a whewellite
aggregate with a pseudo-oolitic texture and organic-filled
fractures was noted nearby (Fig. 1D).

Table 1

Quantitative comparison of the monohydrate- and dihydrate-predominant groups

Parameter Monohydrate- predominant | Dihydrate- predominant p-value (Mann—
group group Whitney U)

Urolith composition, %

Monohydrate 61.2 +24.0 (n=24) 15.3+12.7 (n=30) <0.001

(whewellite)

Dihydrate (weddellite) 7.7+12.6 (n=24) 53.5+18.6 (n=30) <0.001

Phosphate 24.0 £ 19.9 (n=23) 32.8 +21.3 (n=29) 0.148

Urate 16.3 +23.3 (n=16) 0.0 +0.0 (n=10) <0.001
24-h urine biochemistry

Calcium, mmol/24h 5.35+2.64 (n=13) 3.81 £2.32 (n=10) 0.114

Oxalate, mmol/24h 3.21 £8.00 (n=8) 7.77 + 18.08 (n=6) 1.000

Citrate, mmol/24h 2.37+3.61 (n=8) 3.98 £2.58 (n=5) 0.127

Magnesium, 2.95+1.57 (n=11) 2.22+0.91 (n=8) 0.272

mmol/24h

Urate, pmol/24h 1530.6 £ 2000.1 (n=12) 2313.0 £2327.1 (n=8) 0.297

Phosphate, mmol/24h 33.2+£17.5 (n=13) 29.5+£13.4 (n=10) 0.733

Creatinine, mmol/24h 27.5+£21.3 (n=5) 10.9+£2.8 (n=3) 0.071

AP(CaOx) index 1.28 £ 0.40 (n=6) 1.30 + 1.00 (n=4) 0.762

EQ(s)*

Note: * AP(CaOx) index EQ(s): standardized Tiselius index calculated with a fixed urine volume of 1.5 L/24h [6];
calculable only for patients with a complete Ca/oxal ate/citrate/Mg panel. Bold/shaded p-val ues indicate p<0.05

(A)

Fig. 1. Structural features of the central part of calcium-containing uroliths. Transmitted light. Magnification
(x110). (A) Numerous inclusions of collophane with “impurities” and whewellite inclusions are observed in the
“organic core” (a); (B) A region of the urolith showing the apices of two whewellite crystals (a); (C) A polymineral
aggregate predominantly composed of cystine grains with minor impurities of weddellite (a); (D) An aggregate of
whewellite grains (a). In the lower part of the image, a pseudo-oolitic aggregate is present (b)

Thus, the central part forms under continuously
fluctuating pH and repeated
crystallization/recrystallization, reflecting opposing
crystallization promoters and inhibitors within the renal
microenvironment [4,5,13].

Further growth occurs under more stabilized
conditions. The middle part is composed of druse-like
aggregates of larger whewellite crystals, in contrast to the
concentric organomineral layering of the outer zone (Fig.
2A). Moving toward the periphery, composition
transitions from whewellite to weddellite and is
ultimately replaced by uric acid dihydrate at the surface,
with fine rhythmic mineral-organic layering (Fig. 2B). A
penetration twin of whewellite shows numerous
inclusions and a distinct zoned microblock structure (Fig.
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2C). Large, well-zoned weddellite crystals predominate
in some areas, with whewellite present only in minor
amounts (Fig. 2D).

Structural variations from this pattern were observed
in 18% of samples. In several cases, a small, later-formed
urolith was incorporated during growth of an earlier
"primary" calculus, showing a zonal structure that
transitions from whewellite at the center to fine-grained
weddellite at the periphery (Fig. 3A). Droplet-like
cystine inclusions enclosed in organic sheaths formed
simple or compound "cystine necklaces" (Fig. 3B). In
simpler cases, the outer layer consisted of a vein-like
structure dominated by uric acid dihydrate, with fine
septa-like weddellite aggregates (Fig. 3C).
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Fig. 2. Structural features of the peripheral part of calcium-containing uroliths. Transmitted light. (Magnification
x110). (A) The middle part of the urolith is represented by druse-like aggregates of relatively large whewellite crystals
(a); (B) A transition is observed from calcium oxalate monohydrate—whewellite—to calcium oxalate dihydrate—
weddellite—which at the surface of the urolith is replaced by uric acid dihydrate (a); (C) A twinned intergrowth
(penetration twin) of calcium oxalate monohydrate—whewellite (a); (D) An aggregate of relatively large weddellite
crystals with well-developed zoning and a microblock structure is visible (a). (Magnification x180)

Fig. 3. Unusual structural features of calcium-containing uroliths. Transmitted light. (Magnification x110). (A) At
the intersection of the crosshairs, the central part of a small, later-formed urolith (a) is visible, which was
incorporated during the growth of an earlier, "primary" calculus; (B) Within the field of view, along a layer of
organic matter, a series of droplet-like inclusions of cystine crystal aggregates enclosed in an "organic sheath" (a)
can be seen, forming a "cystine necklace"; (C) Within the field of view, an area of the outer layer formed
predominantly by a vein-like structure with a predominance of uric acid dihydrate (a) is visible

In 5% of samples no clear structural organization
could be traced, with mixed layered/clumped whewellite
textures, uric acid dihydrate veins, and organic-
whewellite spherulites. The organic content associated
with the mineral phase consistently decreases in the
sequence: collophane — whewellite — weddellite —
uric acid dihydrate.

The findings support the concept that calcium
nephrolithiasis is not a single homogeneous entity.
Identification of calcium oxalate and/or calcium
phosphate in a stone provides essential compositional
information, but stones with similar bulk composition
may arise through different sequences of nucleation,
growth and secondary deposition. Contemporary models
describe kidney stones as dynamic biomineral structures
in which crystalline phases interact with proteins, lipids
and other organic constituents; this interaction
contributes to the marked spatial heterogeneity
demonstrated in the present thin sections [14-17].

Microscopic analysis showed a predominantly
layered and microblock architecture, with organic
material  concentrated along  crystal  surfaces,
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intergranular fissures and boundaries between successive
mineral generations. Such interfaces may represent zones
of reduced mechanical strength. From a clinical
perspective, this heterogeneity is relevant because stone
structure, not merely mean chemical composition, can
influence fragmentation behavior during shock-wave or
endoscopic lithotripsy. Morphological and compositional
characterization may therefore provide complementary
information when interpreting treatment response and
planning recurrence prevention [18-20].

The quantitative comparison added a metabolic
dimension to the morphological observations. Urate
content was significantly higher in monohydrate-
predominant stones than in dihydrate-predominant
stones. This agrees with the petrographic finding of
progressive uric-acid deposition during later stages of
stone growth and suggests that a whewellite-dominant
scaffold may coexist with urinary conditions favoring
urate crystallization. Persistently low urine pH, reduced
citrate activity and increased calcium oxalate
supersaturation are biologically plausible links between
these phases [5,21].
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Urinary calcium was numerically higher and citrate
lower in the monohydrate-predominant group, although
neither difference reached statistical significance. These
trends are compatible with established mechanisms of
calcium oxalate stone formation, in which hypercalciuria
increases supersaturation and citrate deficiency reduces
complexation of calcium and inhibition of crystal growth
[5]. The absence of statistical significance should not be
interpreted as proof of equivalence, because biochemical
data were available only for small subgroups.

The AP(CaOx) index was similar between groups, but
it could be calculated in only ten patients and required
standardization of urine volume. Tiselius developed this
index as an estimate of calcium oxalate crystallization
risk based on urinary calcium, oxalate, magnesium,
citrate and volume [6,17]. In the present dataset, the
index should therefore be regarded as exploratory.
Prospective collection of complete 24-hour urine
profiles, including measured volume and pH, is required
before firm conclusions can be drawn.

Limitations

The study has several limitations. Mineral
composition was recorded semi-quantitatively; patients
with equal proportions of whewellite and weddellite were
excluded from the comparison; complete 24-hour urine
panels were available for only a minority of participants;
and measured urine volume was unavailable for
calculation of AP(CaOx). Urinary pH was not measured,
so the proposed role of pH fluctuations in driving the
observed mineral zonation remains an inference from the
petrographic pattern and the literature rather than a
directly demonstrated mechanism. Comparisons across
multiple urinary parameters were not corrected for
multiple testing, which increases the risk of false-positive
findings. In addition, the framing of the cohort as
originating from an industrially developed region was not
accompanied by environmental exposure data or
comparison with a non-industrial cohort, and this aspect
should be interpreted as descriptive rather than causal.
These factors reduce statistical power and increase the
possibility of type II error. Nevertheless, the combination
of detailed petrography with preliminary biochemical
comparison generates a clinically testable hypothesis:
monohydrate-predominant stones with urate
incorporation may represent a distinct phenotype
requiring careful assessment of urine pH, urate, calcium
and citrate. Such phenotype-based evaluation is
consistent with guideline-supported individualized
metaphylaxis [1,8,9].

Conclusions

1. The structural formation of calcium-containing
uroliths is consistent with a staged combination of
crystallization and recrystallization processes, presumed
to reflect dynamic changes in urinary pH as described in
the literature [4,5], together with the stabilizing resources
of the urinary system; gradual depletion of inhibitory
processes stabilizes the direction of further urolith
growth.

2. The progressive incorporation of uric acid
dihydrate into the structure of monohydrate-predominant
uroliths may be regarded as evidence of conditions
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favorable for its crystallization; this study additionally
demonstrates,  quantitatively, that = monohydrate-
predominant uroliths contain significantly more urate
than dihydrate-predominant uroliths (p<0.001), directly
supporting this morphological observation.

3. Differences in 24-hour urine calcium, oxalate,
citrate and magnesium excretion, and in the AP (CaOx)
crystallization index, trended in a biologically plausible
direction (more hypercalciuric/hypocitraturic profile in
the monohydrate-predominant group) but did not reach
statistical significance given the limited sample size
available for these analyses, and warrant confirmation in
a larger, prospectively characterized cohort with
complete 24-hour urine collection.

4. Understanding the combined morphological and
biochemical stages of stone formation may contribute to
improved strategies for early detection of lithogenesis
and optimization of individualized metaphylaxis in
patients with urolithiasis.

Prospects for further research. Further research
will focus on improving personalized approaches to the
treatment and prevention of urolithiasis through a
comprehensive  analysis of the morphological
characteristics of uroliths, their mineral composition,
metabolic risk factors, and lithogenicity indices. The
findings of this study may provide a basis for developing
algorithms for the early prediction of disease recurrence,
optimizing individualized metaphylaxis, and improving
treatment outcomes in patients with urolithiasis.
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