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INTRODUCTION 
Biomineralization of the enamel and dentin is a complex, 
dynamic and stepwise process, characterized not only by 
the mineralization but also by the demineralization of 
the persistent hard tooth tissues [1-7]. In the embryonic 
period, the origination of the germ of the tooth from the 
cuticular epithelium occurs by the stepwise histogenesis 
and the differentiation of certain cellular elements that 
initially synthesize the organic stroma capable of min-
eralization and subsequent formation of the hard tooth 
tissues [8]. A large number of publications are devoted to 
the process of biomineralization of enamel and dentin in 
embryogenesis and in the postnatal period of histogenesis, 
but the variability and mosaicity of the findings obtained 
by the researchers, the lack of comprehensive description 
of this phenomenon require further fundamental research 
[9-16]. 

THE AIM
The paper was aimed at the study of the biomineralization 
processes of a permanent dental crown in the postnatal 
period of histogenesis.

MATERIALS AND METHODS 
The study of the process of development of the germs of 
permanent frontal teeth and premolars involved 30 culled 
puppies aged 30-40 days (postnatal period of develop-
ment), which, with respect to bioethical requirements, 
were taken from the owners as biological material for 
further pathomorphological study. After removal of the 
mandible, the specimens were fixed in 10% neutral for-
malin solution. Subsequently, after decalcification with 
trilon B, fragments of the jaw were cut off selectively. After 
paraffin harness, micropreparations, stained with hema-
toxylin and eosin were made for light microscopy and 
immunohistochemical study during which intercellular 
adhesion was determined at the stages of differentiation 
of the epithelial cells by the reaction of E-cadherin pro-
tein. The findings were registered on the Olympus BX 
41 microscope. 

To study the structure of hard tissues of the frontal group 
of teeth that were extracted in 20 subjects, light and electron 
microscopy of the sections were performed. The sections 
were prepared according to the conventional method, 
making longitudinal cuttings of teeth fixed in 10% neutral 
formalin solution.
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RESULTS 
At the first stage of the histogenesis, the cervix of the 
enamel organ is formed from the primary oropharynx, 
lined by the cuticular epithelium, which is a multi-layer 
strip containing cytokeratin in its cells. The latter forms 
the germ of the tooth in the form of a cupula (Fig. 1). 
During histogenesis at the cupula stage, proameloblasts are 
localized on the surface of the mesenchyma of the dental 
papilla, the inner part of which is represented by the pulp 
of the enamel organ in the form of remains of the cuticular 
epithelium. The outer layer of the enamel organ forms the 
Hertwig’s epithelial root sheath. Noteworthy, the morpho-
genetic processes of differentiation of the proameloblasts 
at the early stages of histogenesis are strongly associated 
with the appearance of a specific protein, called taftelin.

At the pileus stage on the surface of the formed termi-
nal dentin, which has a positive PAS-reaction, secretory 
ameloblasts are formed. They are localized perpendicular 
to the mature dentin layer, and their processes are di-

rected differently: transverse in the area of the cusps and 
perpendicular in the area of the dental cervix. Terminal 
processes of the secretory ameloblasts produce protein, 
called enamelin, which, in our opinion, triggers the pro-
cess of the secondary biomineralization of the enamel. It 
is confirmed by the presence of red oxyfilic substances 
(hematoxylin and eosin stain) on the terminal processes 
of the secretory ameloblasts adjoining the terminal portion 
of the dentine (Fig. 2). 

Our hypothesis is partially confirmed by the electron mi-
croscopy on the boundary of the terminal processes of the 
secretory ameloblasts and partially formed odontoblastic 
processes, which respectively formed the picket-fence and 
laminar crystalline structures (Fig. 3). 

The figure shows the ameloblastic processes, which have 
a transverse path and a fine filamentous surface structure, 
whereas the odontoblastic processes have a homogeneous 
granular structure of the surface. Eventually, in the interme-
diate zone filamentous or glomerular structures that resemble 

Fig. 1. Maturation of the enamel organ at the stage of cupula. 1 – inner 
epithelial layer; 2 – the layer of proameloblasts (the inner layer); 3 – pulp 
of the enamel organ; 4 – dental papilla. H&E stain. 200×magnification. 

Fig. 2. Enamel organ at the stage of the secondary biomineralization of the 
enamel. 1 – secretory ameloblasts; 2 – Tomes’ processes; 3 – layer of the 
mantle dentin; 4 – odontoblasts. H&E stain. 400×magnification.

Fig. 3. Electronogram of the longitudinal split of the enamel on the 
boundary with dentine layer: 1 – transverse path of the picket-fence crystals 
of the enamel; 2 -laminar structures of the intermediate zone; 3 – dentine 
structures; 4 – remains of the cuticular epithelium. 5000×magnification. 

Fig. 4. The formation of the chewing surfaces of the molars and premolars 
at the dental follicle stage: 1 – biomineralized enamel; 2 – poorly 
differentiated ameloblasts; 3 – mantle dentine layer; 4 – odontoblasts. 
H&E stain. 400×magnification. 
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calcium octaphosphate are located. Apparently, at the pileus 
stage, the terminal processes of the secretory ameloblasts have 
different patterns of the path. The path of future fasciculi of the 
enamel prisms is formed by these processes. At the same time, 
the synthesis of the precursor, namely, calcium octaphosphate, 
occurs due to production of enamelin. 

At the follicle stage, dental crown is formed, which has no 
roots. The follicle is coated with a cuticular epithelium of the 
outer layer of the enamel organ. Beneath is a cholesterol-load-
ed liquid, which gradually replaces the pulp of the enamel 
organ, which is then reduced. At the follicle stage, histogenesis 
occurs in different classes of teeth with some differences. Thus, 
in the frontal teeth, the follicle is formed by an outer layer of 
the cuticular epithelium with its atrophied pulp located be-
neath. The formation of the molar or premolar crown occurs 
at the stage of the follicle. Obviously, the invaginated areas 
of the crown are formed by the growing-in of the cuticular 
epithelium of the pulp of the enamel organ.

We conducted a study of the process of follicle matura-
tion, which occurs during the formation of the chewing 
surface at the stage of histogenesis. It has been found that 
multiple projecting and invaginated areas are formed, on 
the one hand, by the cuticular epithelium of the pulp of 
the enamel organ, and, on the other hand, by the enamel 
projections formed by the ameloblasts. The projecting ar-
eas of the dental crown are formed by the enamel prisms, 
formed by the ameloblasts (Fig. 4).

It has been established that at the follicle stage a bio-
mineralized enamel of dark-purple color is formed along 
the enamel-dentinal boundary.  In the intermediate layer, 
biomineralization is less pronounced. Eventually, the 
third outer layer, adjacent to the cuticular epithelium, is 
represented by the poorly differentiated ameloblasts. Some 
ameloblasts produce clear processes, and the other ones 
are located parallel to the surface of the cuticle, occupying 
horizontal position. The nuclei of these ameloblasts are 
diminished, indicating their atrophy. They form spiral 

Fig. 5. Electronogram of the longitudinal section of the enamel. 1 – dark 
longitudinal stripes of enamel fasciculi; 2 – clear diversity of colors of 
transverse sections of the enamel fasciculi. 1000×magnification. 

Fig. 7. Structure of the cuticular epithelium. 1 – keratinized epithelial cells;  
2 -desmosomal connections between epithelial cells; 3 – granules of 
keratohyalinum. Immunohistochemical reaction with E-cadherin marker. 
800×magnification.

Fig. 6. Enamel anisomorphy. 1 – enamel; 2 – mantle dentine; 3 – enamel 
sulcus. Native longitudinal section of the enamel. 32×magnification. 

Fig. 8. Electronogram of the transverse section of the enamel. 1 – enamel 
prisms; 2 – fine-granular filamentary structures; 3 – mineralized surface 
of the enamel. 1000×magnification.  
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fasciculi in the cusps, bridging constructions on the lat-
eral sides and in the cervix the S-shaped invaginations 
are separated by the lamellae. The histogenesis of enamel 
prisms at the follicle stage is provided by two types of dif-
ferentiated ameloblasts. The first type of ameloblasts has 
dense connections on the apical surfaces, from which the 
fine granules of the protein amelogenin are secreted. This 
protein promotes deposition of crystals of hydroxyapatite 
due to modification and dehydration. Due to this process 
the second type of ameloblasts has an expanded apical sur-
face, and in their cytoplasm hydropic vacuoles are found. 

Due to the function of two types of ameloblasts, enamel 
prisms have a transverse diversity of colors with alternating 
clear and dark strips (Fig. 5). Anisomorphy, i.e., a change 
in color in polarized microscopy, is characteristic to the 
latter (Fig. 6). 

Once the formation of enamel prisms was completed, am-
eloblasts atrophied and form a bright cortical enamel layer.

Immunohistochemical studies show that individual 
epithelial cells of the inner layer undergo keratinization. 
However, desmosomal connections are noted between 
the individual cells. Through these fissures, salivary fluid 
is filtered (Fig. 7).  

It has been verified by the electron microscopic study. 
Thus, epitheliocytes with varying degree of keratinization 
are conjoined by the connections of different widths. More-
over, it is based on the immunohistochemical reaction of 
E-cadherin, during which intercellular connections are 
clearly detected using desmosomes, as well as the presence 
of cytoplasm and granules of keratohyalinum.

Consequently, in the structural and functional aspect, 
pits and fissures have the property of filtering the salivary 
fluid from the protein component and, due to the calcium 
salts, can provide biomineralization of the enamel that is 
evidenced by the electron-microscopic data (Fig. 8). 

The study revealed the cuticular epithelium, a protein 
deposit in the form of fine-granular and filamentary struc-
ture in preservation of desmosomes.  This suggests that, 
normally, due to the cuticular epithelium, filtration of the 
salivary fluid occurs with deposition of protein deposit 
on it and further infiltration of the calcium salts into the 
subjacent enamel. Taking into account the importance 
of the cuticular epithelium in the filtration of salivary 
fluid, we can assume that, normally, invaginated areas of 
different levels correspondingly have a different degree of 
filtration: maximum in the pits, maximum or moderate in 
the grooves and minimal in the fissures.  

DISCUSSION
Thus, during embryogenesis, the formation of the dental 
germ from the cuticular epithelium occurs by the step-
wise histogenesis and differentiation of certain cellular 
elements, which initially synthesize the organic stroma 
capable of mineralization and the subsequent formation 
of hard tooth tissues. 

At the first stage of the formation of the enamel organ at 
the cupula stage proameloblasts are localized on the surface 

of the mesenchyma of the dental papilla, the inner part of 
which is represented by the pulp of the enamel organ in 
the form of remains of the cuticular epithelium. Morpho-
genetic processes of differentiation of proameloblasts at the 
early stages of embryogenesis are strongly associated with 
the appearance of a specific protein, called taftelin. The next 
stage is characterized by the origination of the secretory 
ameloblasts, which produce the protein called enamelin, 
triggering the process of secondary biomineralization 
of the enamel. The terminal processes of the secretory 
ameloblasts produce the protein in the form of layers that 
overlap each other at a certain angle.  Such layering of the 
structures of enamel and dentin contributes to the S-shaped 
formation of the hard tooth tissues, strengthening them 
considerably. Importantly, shock-absorbing function is 
characteristic to the mature hard tooth tissues, contributing 
to their trophism during chewing of food. Electron micros-
copy confirms the above, showing the arrangement of the 
terminal processes of secretory ameloblasts and partially 
formed odontoblastic processes in the form of picket-fence 
and laminar crystalline structures.  

At the follicle stage dental crown is formed, coated with a 
cuticular epithelium. Certain invaginations of the cuticular 
epithelium form a specific topography of the dental crown. 
Multiple projecting and invaginated areas are formed, on 
the one hand, by the cuticular epithelium of the pulp of the 
enamel organ, and, on the other hand, by the enamel pro-
jections formed by the ameloblasts. The projecting areas of 
the dental crown are formed by the enamel prisms, formed 
by the ameloblasts.  The formation of enamel prisms at the 
follicle stage is provided by the synthesis of the granules of 
the amelogenin protein. This protein promotes deposition 
of crystals of hydroxyapatite due to modification and dehy-
dration. Epitheliocytes of the inner layer of the enamel organ 
have desmosomal connections that allow the filtration of the 
salivary fluid at the stage of the enamel trophism, forming a 
protein deposit in the form of fine-granular and filamentary 
structure in preservation of desmosomes.     

CONCLUSIONS
1.	� During dental histogenesis the crown is formed at the 

follicle stage.
2.	� During maturation the dental crown is coated with 

cuticular epithelium invaginations of which form a 
specific topography. 

3.	� Multiple projections and invaginations are caused, on 
the one hand, by the cuticular epithelium of the pulp 
of the enamel organ, and, on the other hand, by the 
enamel projections formed by the ameloblasts. 

4.	� Projecting areas of the dental crown are originated due 
to enamel prisms, formed by ameloblasts, synthesizing 
the granules of the amelogenin protein. The protein 
promotes deposition of crystals of hydroxyapatite due 
to modification and dehydration. 

5.	� Epithelial cells of the inner layer of the enamel organ 
filter the salivary fluid at the stage of enamel trophism 
due to desmosomal connections.   
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