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Abstract

Introduction. The severity of orthopedic treatment of patients with pathological abrasion of hard dental 
tissues is due to the progressive development of abrasion, an increase in the free interocclusal space, 
a decrease in the interalveolar distance and the size of the lower part of the face. The microstructure and 
microelement composition of hard dental tissues reflect complex processes associated with age-related 
and pathological conditions in the body.
Aim. In view of the above, the objective of this study was to study the morphological changes in tooth 
dentin with different degrees of abrasion and their influence on the choice of orthopedic treatment.
Materials and methods. The study of the enamel and dentin structure features was carried out on thick 
and thin tooth sections. The sections were then stained with the SHIK reaction followed by additional 
staining with alcian blue. Histochemically stained types of dentin are studied at different magnifications in 
reflected rays (epicyroscopy).
Results. It was established that replacement dentin is formed both due to different degrees of 
mineralization of dentinal tubules and adjacent intertubular dentin. The latter determines the progression 
or extinction of the pathological process and can be determined by histochemical staining. We have 
established that the so-called «dead zone» in the third degree of pathological abrasion of regular dentin 
is constantly adjacent to a well-defined predentin zone. The latter is characterized by the presence of thin 
SHIK-positive fibers, tangentially located to the dentinal tubules. Sometimes minicracks are adjacent to the 
dead zones of dentin, located tangentially to the dentinal tubules, which indicates necrobiosis phenomena.
Conclusions. It has been established that at the third degree of pathological abrasion, significant tissue 
restructuring of the pulp and the formation of denticles in it are observed, partially or completely blocking 
the lumen of the tooth cavity. In the preserved areas of the pulp, necrobiotic processes are noted and 
obliteration of the root canals occurs due to excessive deposition of lime salts. Teeth with the third degree 
of pathological abrasion are not suitable for prosthetics without appropriate therapeutic and orthopedic 
preparation due to the development of pronounced organic changes in the pulp and hard tissues of the tooth.
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INTRODUCTION

Difficulties in orthopedic treatment of patients 
with pathological abrasion of hard dental tissues are 
determined not only by the type and degree of abrasion, 
but also by accompanying deformations of the dental 
arches, changes in the nature of the bite and a  decrease 
in its height, and changes in reflex pathways within the 
masticatory apparatus [1, 2].

The uncompensated form of increased abrasion 
of hard dental tissues is characterized by progressive 
development of abrasion, an increase in the free 
interocclusal space, a  decrease in the interalveolar 
distance and the size of the lower part of the face [3, 4]. 
The disease is accompanied by functional disorders in 
the temporomandibular joint, masticatory muscles and 
functional overload of supporting teeth periodontium 
[5, 6]. This dictates the orthopedic treatment approach 
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for patients with a  generalized uncompensated form of 
increased abrasion of hard tissues [7, 8].

The microstructure and microelement composition 
of hard dental tissues reflect complex processes associated 
with age-related and pathological conditions in the body.

The main mass of the tooth is dentin (substantia 
eburnea), a  tissue related to bone, but different from it in 
two respects [9, 10].

Dentin is made up of mineralized intercellular 
substance, penetrated by numerous dentinal tubules. The 
diameter of dentinal tubules is 3‑5 µm, and the distance 
between adjacent tubules is 8‑10 µm. The tubules 
penetrate the dentinal matrix from the pulp to the enamel-
dentine junction, decreasing in diameter along the way. 
They are always oriented perpendicular to the surface of 
the pulp chamber and the enamel-dentine border [11, 12].

Hasiuk  A. and Kostyrenko  O. in their works 
[13, 14, 15] asserts that with physiological abrasion of 
enamel, primary replacement dentin is formed in the pulp 
chamber, with pathological abrasion of enamel, secondary 
replacement dentin is formed, with deep caries, tertiary 
replacement dentin is formed. Primary replacement dentin 
is characterized by the presence of clearly defined parallel 
dentinal tubules, the diameter of which narrows as they 
reach the predentin. The author draws attention to the 
fact that the course of the dentinal tubules in an oblique 
direction is crossed by Owen’s lines. They represent 
areas of more mineralized intratubular dentin. Primary 
replacement dentin is microscopically characterized by 
uniform proliferation of odontoblasts into the lumen of the 
dentinal tubules and zones of biomineralization of Owen’s 
dentin. Secondary replacement dentin is manifested by 
uneven proliferation of odontoblasts and the formation 
of dentinal processes that do not penetrate the space 
of the dentinal tubules. Tertiary replacement dentin is 
characterized by uneven proliferation of odontoblasts, due 
to which a  structure is formed in which both the bodies 
and processes of odontoblasts and connective tissue of 
different degrees of maturity are located [16, 17, 18].

At present, the data of experimental study of lesions 
of hard dental tissues, their morphological and histological 
structure have been significantly expanded [19, 20, 21]. 
Study of the structural features of hard dental tissues will 
allow to propose new approaches to solving the issues of 
prevention, diagnostics and treatment of dental lesions 
in pathological abrasion [22, 23]. The introduction of the 
latest histochemical research methods allows us to clarify 
the nature and localization of pathological processes in 
diseases of the dental system [24, 25].

AIM

That is why the aim of this work was to study the 
morphological changes in tooth dentin with different degrees 

of abrasion and their influence on orthopedic treatment 
choices.

MATERIALS AND METHODS

The study was conducted at the I.  Horbachevsky 
Ternopil National Medical University and Poltava State 
Medical University.

The study of the enamel and dentin structure features 
was carried out on thick and thin tooth sections. We used 
teeth of the upper and lower jaws, removed for orthodontic 
reasons and due to pathological abrasion. Thick sections 
were obtained by cutting extirpated teeth fixed for two weeks 
in a 10% solution of neutral formalin. The resulting samples 
were polished and then rinsed in running water. Thin sections 
of teeth were obtained from thick sections by polishing in 
diamond paste. In this case, thick sections were first cut 
to a  thickness of 1‑2 mm, then glued to a  glass slide and 
polished with diamond paste to a thickness of 30‑50 microns.

The resulting thick sections were polished to 
a mirror surface, and then a set of histochemical reactions 
was performed to visualize the precollagen structures 
of the dentin matrix, odontoblast processes and the 
surrounding phospholipid membranes.

After careful grinding, the sections were placed in 
a saturated solution of Trilon-B for weak demineralization 
and adsorption of destroyed hydroxyapatite crystals.

Then the sections were stained with the SHIK reaction 
followed by additional staining with alcian blue. With this 
staining, the enamel is stained blue (alcian-positive), and 
different types of dentin have different shades of red (SHIK-
positive). Histochemically stained types of dentin are studied 
at different magnifications in reflected rays (epicyroscopy).

RESULTS

The conducted microscopic analysis of thin sections, 
histochemically stained with SHIK-alcian blue, allows 
us to establish four zones of dentin with pathological 
abrasion: mantle, interglobular, regular, predentin (Fig.1).

Zone 1 – mantle dentin – is located along the 
enamel-dentin border, has a  thickness of 1.5‑2 mm, and 
is characterized by the predominance of intensely colored 
SHIK-fibrous structures, both parallel or oblique relative 
to the dentinal tubules (Korff fibers).

Zone 2 – interglobular dentin – is located in the outer 
third of the crown parallel to the dentin-enamel border. 
This zone is represented by irregularly shaped areas, 
contains a  poorly calcified substance, stained lilac. It 
contains both acidic glycosaminoglycans (alcian-positive 
substances) and neutral mucoproteins (SHIK-positive 
substances, stained red). It should be noted that dentinal 
tubules penetrate areas of interglobular dentin without 
changing their direction.
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Figure 1. Dentin zones in pathological abrasion: 1 – interglobular dentin, 2 – mantle dentin, 3 – regular dentin, 4 – predentin, 5 – dentinal 
tubules. Epimicroscopy. Stain: SHIK-alcian blue, Eriochrome Black-T. Magnification ×20.

Zone 3 – regular dentin is represented by bundles of 
dentinal tubules, which have a  clearly oriented direction 
from the pulp to the enamel-dentin limit (primary 
dentin). In the cross-section of the dentinal tubule with 
the adjacent peritubular dentin, an odontoblast process is 
visualized, which has a sharply SHIK-positive reaction.

Zone 4 – the predentin zone is made up of secondary 
dentin, which is located in the peripulpal zone and 
is a  continuation of the primary dentin. Compared to 
primary dentin, secondary dentin is characterized by 
a  less ordered arrangement of dentinal tubules, as well 
as the presence of collagen fibrils of a  lower degree of 
mineralization.

We have established that the first degree of abrasion 
is characterized by an almost complete absence of enamel 
on the occlusal surface of the teeth (up to 1/3 of the height 
of the tooth crown). In places of destruction of dentin and 
enamel in the area of the tooth defect, the bottom of which 
are areas of preserved primary dentin, when stained with 
Eriochrome Black-T, the edges are also represented by 
light and dark bands.

In case of pathological abrasion of the second 
stage, on thick sections, histochemically stained with 
Eriochrome Black-T, the enamel is preserved as a narrow 
strip in the cervical area. In places of destruction of 
enamel and dentin, a  defect of hard tissues of the tooth 
is determined, having a  depth of up to 2/3 of the height 
of the crown of the tooth. At the second stage, the bottom 
and edges are determined in the defect. The bottom of the 
defect is usually preserved areas of primary dentin; the 
edges of the defect are given by light and dark areas of 
dentin, which, according to the histochemical method of 

staining with Eriochrome Black-T, correspond to different 
degrees of dentin mineralization.

During epimicroscopic examination of the defect 
bottom in the first and second degree of abrasion, it is 
represented by fibrous structures of varying degrees of 
mineralization, which are located tangentially «obliquely» 
relative to the dentinal tubules, in places varicosely dilated 
and crystals are found in their lumen (Fig. 2).

When studying thin histochemically stained with 
SHIK-alcian blue, it was found that along the entire 
dentin-pulp boundary at the bottom of the defect there is 
tertiary irregular dentin. Most often it is formed in the area 
of the pulp horns, in addition, the amount and structure of 
tertiary dentin are more pronounced at the second degree 
of abrasion. Tertiary replacement dentin is represented by 
randomly located dentinal tubules with their odontoblast 
processes, surrounded by the Koliker-Fleischmann 
capsule (intertubular dentin) (Fig.3).

During epimicroscopic examination of the defect 
of hard tissues with pathological abrasion of the first and 
second stages, the following was established.

Light stripes are directly adjacent to the cavity of the 
defect and are represented by a variably dilated lumen of the 
dentinal tubules, which are located among the chaotically 
located fibrous structures of the intertubular dentin.

As the results of the study of thin sections show, 
the dark zone adjacent to the destructive areas of dentin 
is formed by dentinal tubules, in which the processes of 
odontoblasts are subject to fragmentation into separate 
fragments, and in individual dentinal tubules they are 
completely absent.
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Figure 2. Dentin morphology in pathological abrasion: 1 – preserved dentinal tubules; 2 – varicose dilated dentinal tubules containing 
crystals; 3 – preserved tangential fibers of Ebner; 4 – pattern of partially destroyed fibers of Ebner. Epimicroscopy. Stain: SHIK-alcian blue. 
Magnification ×20.

Figure 3. Tertiary irregular dentin: 1 – randomly arranged dentinal tubules; 2 – odontoblast processes; 3 – Calcein-Fleischmann capsule; 4 – 
homogeneous SHIK-positive masses. Stain: SHIK-alcian blue. Magnification ×20.
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Sometimes, the tangential Ebner fibers are clearly 
expressed when stained with Eriochrome Black-T. 
This indicates that this zone is highly mineralized. 
Intertubular dentin on longitudinally oriented sections 
consists of beams of varying thickness, represented 
by a  homogeneous SHIK-positive substance. Fibrous 
structures are absent in the intertubular dentin compared 
to the first zone, apparently due to strong mineralization.

The third degree of pathological abrasion was 
macroscopically characterized by the complete absence of 
the crown part of the tooth.

At the same time, on longitudinal, vertical sections 
with partially preserved dentin, cervical enamel remains. 
It should be noted that in the cervical part, in places of 
adjoining the preserved enamel, interglobular dentin 
in the form of SHIK-positive, trapezoid structures is 
preserved, whereas, finally, in areas of the worn crown it 
is completely absent. The remaining part of the dentin and 
not adjacent to the pulp is provided by a layer of primary 
dentin, the dentinal tubules of which do not contain 
odontoblasts. On longitudinal sections, these areas look 
like a «dead zone» and, due to the presence of air, acquire 
a dark color on native semi-thin sections.

DISCUSSION

According to О.  Kostyrenko [14, 15, 17], tertiary 
dentin is a  reparative «substitutive» dentin and occurs 
in response to the action of destructive factors; it is 
characterized by high deposition after normal tooth 
preparation, which in the first seven weeks occurs at an 
average rate of 1.5 µm per day.

Thus, the results of microscopic studies of light and 
dark zones of dentin stained with Eriochrome Black-T 
revealed the walls of defects in hard dental tissues during 
the first and second stages of pathological abrasion. The 
results indicate that replacement dentin forms due to 
varying degrees of mineralization of both dentinal tubules 
and adjacent intertubular dentin. The latter determines the 
progression or fading of the pathological process and can 
be determined by histochemical staining with Eriochrome 
Black-T; macroscopically, it can be used in the clinic.

It has been established that destructive changes 
in enamel in the form of cracks and small fragments are 
caused by the disappearance of the odontoblast processes 
of the primary dentin, as well as the appearance of a zone 
of secondary dentin in direct contact with the pulp.

We have established that the so-called «dead zone» 
in the third degree of pathological abrasion of regular 
dentin is constantly adjacent to the well-defined predentin 
zone. The latter is characterized by the presence of thin 
SHIK-positive fibers, located tangentially to the dentinal 
tubules. Sometimes minicracks are adjacent to the dead 
zones of dentine, located tangentially to the dentinal 
tubules, which indicates necrobiosis.

CONCLUSIONS

The studied morphological changes in the pulp and 
root canals of teeth with pathological abrasion indicate 
that there is a  decrease in the total volume of the pulp 
chamber and a  significant restructuring of the tooth 
structure. These changes determine the features of the 
reduction of mechanical and thermal irritations on the 
viable pulp preserved in the tooth cavity and root canals.

It has been established that with the third degree of 
pathological abrasion, the almost complete absence of the 
crown of the teeth and visually invisible exposure of the 
pulp is accompanied by its significant tissue restructuring 
and the formation of denticles in it, partially or completely 
blocking the lumen of the tooth cavity. In the preserved 
areas of the pulp, necrobiotic processes are observed and 
obliteration of the root canals occurs due to excessive 
deposition of lime salts.

Teeth with grade III pathological abrasion are not 
suitable for prosthetics without appropriate therapeutic 
and orthopedic preparation due to the development of 
pronounced organic changes in the pulp and hard tissues 
of the tooth.
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МОРФОЛОГІЧНІ ЗМІНИ ДЕНТИНУ ЗУБА ПРИ РІЗНИХ СТУПЕНЯХ СТЕРТОСТІ ТА ЇХ ВПЛИВ НА ВИБІР 
ОРТОПЕДИЧНОГО ЛІКУВАННЯ
Микола М. Малюченко1, Петро А. Гасюк2, Анна Б. Воробець2, Тетяна І. Дзецюх2, Дмитро Д. Кіндій1, 
Юрій А. Гасюк1, Павло М. Малюченко1

1Тернопільський національний медичний університет імені І. Я. Горбачевського МОЗ України, м. Тернопіль, Україна
2Полтавський державний медичний університет, м. Полтава, Україна

Вступ. Важкість ортопедичного лікування пацієнтів із патологічною стертістю твердих тканин 
зубів зумовлена прогресуючим розвитком стирання, збільшенням вільного міжоклюзійного 
простору, зменшенням міжальвеолярної відстані та розмірів нижнього відділу обличчя. 
Мікроструктура та мікроелементний склад твердих тканин зубів відображають складні процеси, 
які пов’язані з віковими та патологічними станами в організмі.
Мета. Саме тому метою даної роботи стало вивчення морфологічних змін дентину зуба при різних 
ступенях стертості та їх вплив на вибір ортопедичного лікування.
Матеріали та методи. Вивчення особливостей структури емалі та дентину нами проводилось 
на товстих та тонких шліфах зубів. Потім шліфи забарвлювалися реакцією ШЙК із подальшим 
дозабарвленням альціановим синім. Гістохімічно забарвлені види дентину вивчаються на різних 
збільшеннях у відбитих променях (епікіроскопія).
Результати. Встановлено, що замісний дентин утворюється як за рахунок різного ступеня 
мінералізації дентинних трубочок, так і  прилеглого до них інтертубулярного дентину. Останнє 
обумовлює прогресування чи згасання патологічного процесу і  може бути установлене 
гістохімічним забарвленням. Нами встановлено, що так звана «мертва зона» при третьому 
ступені патологічної стертості регулярного дентину постійно прилягає до добре вираженої зони 
предентину. Остання характеризується наявністю тонких ШЙК-позитивних волокон, тангенціально 
розташованих до дентинних канальців. Інколи до мертвих зон дентину прилягають мінітріщини, 
розташовуючись тангенціально до дентинних трубочок, що свідчить про явища некробіозу.
Висновки. Встановлено, що при третьому ступені патологічної стертості спостерігається 
значна тканинна перебудова пульпи та утворення у  ній дентиклів, котрі частково або повністю 
перекривають просвіт порожнини зуба. У збережених ділянках пульпи відзначаються некробіотичні 
процеси та відбувається облітерація кореневих каналів за рахунок надлишкового відкладення солей 
вапна. Зуби з третім ступенем патологічної стертості не придатні для протезування без відповідної 
терапевтичної та ортопедичної підготовки у зв’язку з розвитком виражених органічних змін у пульпі 
та твердих тканинах зуба.
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лікування
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