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Introduction
The basis for understanding the issues of the formation of uric 
stones and the treatment of kidney stones is answering the 
questions related to the initiation of crystallization in the renal 
pelvises (1-24). This applies to both the formation of the so-called 
crystallization centers, in which stone formation is initiated, and 
the causes of excessive urine mineralization. Both issues are 
decisive in the development of urolithiasis. 

This article presents the results of many years of mineralogical 
and chemical studies of these phenomena. 

Study results
Biomineralogical studies regarding the formation of kidney and 
bladder stones, recurrent stones and mineralogy of the stones 
themselves have been conducted at AGH – University of Science 
and Technology in Krakow – since the 1970s. About 800 stones 
were examined during this time. The studies prove that urinary 
stones start to crystallize in crystallization centres. A crystallization 
center is a place where the surface of the wall of the renal pelvis 
is damaged (Figure 1). This damage may be caused by crystals 
crystallizing from excessively mineralized urine. The edges of 
these crystals, as they pass through the kidney pelvis with urine, 
can mechanically damage the pelvic wall, “cutting” the tissues 
and causing bleeding that appears in the urine. The factor that 
damages the pelvic wall may also be microorganisms that infect 
the urinary system (Figure 1, B.1.). The toxins produced by them 
in their life processes are aggressive chemicals that can damage 
the pelvic wall, among other things. There may also be genetic 
defects in the biological, atomic structure of the pelvic wall, passed 
down through generations.

Figure1:  Diagram of the development of a staghorn type kidney 
stone in a renal pelvis. A – image of the cross-section of smooth, 
undamaged wall of the renal pelvis. B – cross-section of the wall 
of a renal pelvis with a damaged area (center of crystallization of 
the staghorn stone). Due to destruction of interatomic bonds, this 
area has free charged bonds (+, - Figure. 1, C), where e.g. calcium 
cations from the urine can attach and start the crystallization of 
stones. B.1. – a colony of bacteria (arrows) from the renal pelvis, 
producing toxins in their life processes that destroy the wall of the 
renal pelvis. Scanning microscope. B.2. – initial stage of oxalate 
crystallization (red arrow) on the wall of the renal pelvis with 
bacteria presence (blue arrow). Scanning microscope. D – next 
phase of oxalate crystallization on the wall of the renal pelvis. E 
¬– the appearance of the first oxalate crystals (whewellite) on the 
wall of the renal pelvis. F – subsequent stages of oxalate stone 
growth (arrow).

All these damages, regardless of their genesis, lead to the 
occurrence of “broken” interatomic bonds in the crystallization 
center, in biological structure of the pelvic wall. This leads to the 
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SUMMARY
One of the unsolved mysteries is why kidney stones are formed, for example, in one renal pelvis, while other pelvises are not subject to the process of 
biomineralization, i.e. crystallization on biological media. Stones also crystallize in the ureters and bladder. The study presents details of the crystallization of 
kidney stones in a place that mineralogy calls the crystallization center. This publication discusses the method of crystallization of stones and their structure. 
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formation of free, electrically charged bonds. These charged bonds “catch” cations and anions from the urine. Upon attachment to 
the biological structure, the attached ions become initiators of stone crystallization (Figure 1, B.2.). Further attachment of calcium, 
CO2 groups, etc. causes further growth of a staghorn stone that “copies” the shape of the renal pelvis (Figure1: B.–F.).

Development of such mineralization in the crystallization center may be caused by increased urine mineralization, e.g. as a result of 
a malfunctioning kidney causing excessive re-sorption of water from the urine. The causes of excessive urinary mineralization may 
also be due to processes outside the kidneys. These include “overproduction” of PTH, i.e. disorders of the parathyroid and thyroid 
glands. It results in the removal of Ca, but also P from the bone. The excess of Ca2+ in the blood plasma may also be the result of 
diseases, including inflammation, but also neoplastic changes. The effect of excessive pancreatic calcium bicarbonate synthesis is 
unknown. Their excessive amount that enters the duodenum along with pancreatic juice may, through intestinal absorption, increase 
the level of ionized calcium in the blood.

The stones growing cyclically in the renal pelvis (Figure2: A,B) have the structure of wet sand. They can break down quite easily 
under the influence of natural or artificially induced shocks (lithotripsy). This applies especially to “young” stones, because “old” 
stones harden when recrystallized, which makes breaking them much more difficult.

Figure 2: The growth of staghorn type stones. A – visible cyclicity of oxalate crystallization. Arrows show the crystallization cycles. 
B – oxalate stone (weddelite). Concretions, aggregate oxalate forms (blue arrows) crystallizing on the crystallization centers of the 
oxalate layer (red arrows). Polarizing microscope, X polaroids.

The “kidney sand” left after disintegration or breakdown of stones is flushed out by the urinary system. However, if a grain of “sand” 
remains in the ureter or bladder (Figures. 3 A., A.1., A.2., A.3., B, C, D), it may form another center of crystallization, where minerals 
crystallizing from urine (oxalates, phosphates, urates, etc.) keep growing.

Figure 3: A – Crystallization of a staghorn type kidney stone in a renal pelvis (cross-section). The points of stone crystallization 
initiation on the inner walls are shown by the red arrows. Crystallizing and growing stone in subsequent growth stages systematically 
reduces the “light” of the urine flow, in extreme cases leading to a complete blockage of its flow. A.1. – Stone in the renal pelvis 
(arrows) completely blocking the outflow of urine. A.2. – Staghorn type whewellite-weddelite stones surgically removed from the 
kidney. The arrow indicates the apparent cyclicity of oxalate crystallization. A.3. – Structure of whewellite crystals on the surface of 
a staghorn kidney stone at the site of urine flow. Edges of whevellite crystals can be sharper than a razor blade (arrows). Scanning 
microscope. B – natural shocks or lithotripsy cause the stone to break down into fine fragments (even single crystals). Some of them 
can remain as deposits in the renal pelvis, the ureter (Figure 3.B.) or the bladder (Figure 3.D.). If the urine is still over-mineralized, 
secondary kidney stones can crystallize on these grains.

The stone that forms in the ureter on a grain of kidney sand hinders the flow of urine from the kidney to the bladder (Figure 4). The 
stone may, after reaching the appropriate size, close the urine outflow (Figure 5).
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Figure 4: Stones crystallizing on fragments of a staghorn type 
stone that formed after its disintegration. A – stone from the renal 
pelvis. Weddelite crystals (blue arrows) on a brown crumb of a 
staghorn stone (red arrow). B, C – stones from the urinary tract. 
Beautiful crystals growing on a fragment of a disintegrated stone 
of the staghorn type (arrows). D – fragment of a staghorn type 
stone with bulky, growing oxalate aggregates.

Disintegration or breakdown of a kidney stone in the renal pelvis 
is not a guarantee that the problem of recurrent crystallization will 
be fully solved. Removal of the stones eliminates pain, blockage of 
urine flow, etc., but to deal with recurrent urolithiasis, liquidation 
of the crystallization center in the renal pelvis and reduction of 
excessive urine mineralization must be achieved. The decision 
how to do that is up to the doctors.

Figure 5: Stones crystallizing in the bladder. A – stone covered 
with a crystalline brush of whewellite crystals. B – a large 
stone that crystallized on a grain that got into the bladder after 
disintegration of a staghorn stone originally present in the renal 
pelvis. C – microscopic image of the internal structure of the 
cyclically crystallizing oxalate stone shown in Figure 5:B.

Conclusions
Mineralogical studies of kidney stones provide a large amount 
of information important in their diagnosis and treatment. The 
obtained results indicate that crystallization of stones in the 

renal pelvis begins at a site where its wall has been damaged. 
It may be the result of mechanical damage caused by crystals 
crystallizing from urine. The damage can also be caused by 
aggressive compounds formed during infection, produced by 
various microorganisms that infect the urinary system.

One or more crystallization centers may form and be subsequently 
mineralized. The place where damage to the pelvic wall forms, i.e. 
the formation of the crystallization center, is accidental.

Research indicates that there is a need for standard analysis of 
kidney stones and sharing the results with a urologist. Further 
research on urolithiasis should focus on experimental dissolution of 
stones in vitro and on selecting substances that block crystallization 
centers of stones, which will prevent recurrence of urolithiasis.

A separate scope of research should be diagnosis of non-renal 
causes of excessive blood and, consequently, urine mineralization, 
from which kidney stones crystallize.
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