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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.

Keywords: pathological abrasion, SHIK-reaction, replacement dentin, denticles, orthopedic treatment

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].

KniniyHa Ta npodinakTuyna meaunuHa, Ne 2(40)/2025

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, §].

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 um, and the distance
between adjacent tubules is 8-10 pm. 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
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of abrasion and their influence on orthopedic treatment
choices.

MATERIALS AND METHODS

The study was conducted at the 1. 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 x20.

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
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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 x20.

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 x20.
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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 homogenecous 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 O. 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 um 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.
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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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Pe3rome

MOP®OMNOrIYHI 3MIHW IEHTUHY 3YBA MPU PI3HUX CTYMEHAX CTEPTOCTI TA iX BMMB HA BUBIP
OPTONEQMUYHOIO NIKYBAHHA

Mukona M. MantoueHko', MeTtpo A. Mactok?, AHHa b. Bopobeub?, TetaHa I. Aseutox?, Omutpo [. KiHgin',
Opin A. Factok', Maeno M. MantoyeHko'

"TepHoninbCbKMiA HaLlioHanbHMIA MeauyHWiA yHiBepeuTeT iMeHi |. A. Fopbayescbkoro MO3 Ykpainu, M. TepHoninb, YkpaiHa
TlonTaBCbkWi AEPXaBHWIA MEANYHMIA yHiBEPCUTET, M. MonTasa, YkpaiHa

BcTryn. BaxkicTb opTonefuyHOro JiKyBaHHA NAaLi€EHTIB i3 NMAaTOJIOrIYHOK CTEPTICTIO TBEPAUX TKAaHWUH
3y6iB 3yMOBJIEeHA NPOTPECYIOYMM PO3BHUTKOM CTHpPaHHS, 306iJbLIEHHSM BiJIbHOTO MiXKOKJIIO3iHHOIrO
POCTOpPY, 3MEHIIEHHSM MiKaJbBeOJSIPHOI BiJcTaHi Ta po3MipiB HMXKHBOrO BiAJiMy 06JUYYSL.
MikpocTpyKTypa Ta MiKpoeJieMEHTHUU CKJIaJ, TBEpPAUX TKaHHH 3y6iB BiZj06pakaloTh CKJI/HI MpoOIEecH,
AKi MoB’s13aHi 3 BIKOBUMHU Ta MaTOJOTiYHUMHU CTAaHAMH B OpraHi3Mi.

MeTa. CaMe TOMy METOI0 JaHOI pOGOTH CTa/I0 BUBYEHHSI MOPOIOTIYHUX 3MiH JEeHTUHY 3y6a MpU Pi3HUX
CTyNEeHSX CTEePTOCTI Ta IX BIJIUB Ha BUOIp OPTONEANYHOrO JIiKyBaHHS.

Marepiaiu Ta MeToAM. BuBUYeHHs 0COGJMBOCTEN CTPYKTYPH €Masi Ta AEHTHUHY HaMH HPOBOJAMJIOCH
Ha TOBCTHX Ta TOHKMX IUTidax 3y6is. MoTiM mutidu 3a6apsioBanucs peaknieo WK i3 moganbmum
Jl03a0apBJIEHHSIM a/Ibl[iaHOBUM CHHIM. [icToxiMiyHO 3a6apBJieH]I BUAY JEHTHHY BUBYAIOTHCSA Ha Pi3HUX
30i/bIIEHHAX Y BiAOUTHUX NpOMeHsX (emiKipocKomis).

PesynsTraTU. BcTaHOBJIEHO, 10 3aMiCHUM [EeHTHH YyTBOPIOETBbCA fAK 3a pPaxyHOK pI3HOrO CTyNeHs
MiHepaJi3anii JeHTUHHUX TPYOOYOK, TaK i MPHUJIEIJIOTO [0 HUX iHTEPTYyOy/IsApHOrOo JeHTUHY. OCTaHHE
00yMOBJIIOE IPOTPECYBAaHHS YW 3racaHHS MaTOJIOriYHOro Impouecy i Moxke O6yTH yCTaHOBJIEHE
ricroxiMidyHUM 3a6apByieHHSIM. HaMu BCTaHOBJIEHO, 1[0 TaK 3BaHa «MepTBa 30HAa» IMPHU TPETHOMY
CTyNeHi NaToJIOTiYHOI CTePTOCTi Pery/sspHOro JeHTHHY MOCTIHHO NMPUJISTaE A0 J00pe BUPAKEHOI 30HU
npeseHTUHY. OCTaHHS XapaKTepH3yEThCA HaABHICTIO TOHKUX LIIMK-1I03MTHBHHUX BOJIOKOH, TAHTeHI[iaTbHO
pO3TallOBAaHUX [0 JEHTUHHUX KaHa/bLiB. [HKOJIU 0 MepTBUX 30H JEHTHHY NPUIATalOTb MIiHITPILIUHH,
PO3TAIIOBYYHCh TAHT€HI{aIbHO JI0 IEHTUHHUX TPYOOUOK, 1110 CBIIYMTH MPO SBUIIA HEKPOHio3y.
BucHOBKHU. BcTaHOBJIEHO, 10 IpU TPeTbOMY CTYIEHi IIATOJIOTIYHOI CTEPTOCTI CIOCTepiraeTbcs
3HAaYHA TKaHUHHA Nepeby/0oBa MyJbIH Ta YTBOPEHHS y HiMl JEHTUKJIB, KOTPi YaCTKOBO ab0 MOBHICTIO
NePEKPHUBAIOTh MPOCBIT NOPOXKHUHMU 3y6a. Y 36epekeHuX AiTHKaX MyJIbIIH BiI3BHAYAIOTbCS HEKPOOGIOTHYHI
MPOLIeCH Ta BiZi0YyBA€ThCA 0061iTepalisi KOpeHEBUX KaHAIB 32 PaXyHOK HaZJIMIIIKOBOTO BiIKJIaZleHHS COJIeH
BamHa. 3yOU 3 TPETIM CTyINeHeM MaTOoJIOTiYHOI CTEePTOCTi He NPUAATHI JJis MpOoTe3yBaHHA 6e3 BiAmoBigHOI
TepaneBTUYHOI Ta OPTONEANYHOI MiZITOTOBKH Y 3B’A3KY 3 PO3BUTKOM BHPaXXEHHUX OPraHiYHUX 3MiH y My/bIi
Ta TBEPAUX TKaHHWHAaX 3y6a.

Kawuoei ca0ea: naTosiorivyHa CTEPTICTh, ]JJI?IK-peaKuiﬂ, 3aMiCHUH JEHTUH, JeHTHKJIi, OpTOoneguyHe
JiKyBaHHSA
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