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RESUMO

Atualmente, um grande numero de métodos para prevengéo e tratamento de carie foi desenvolvido e
implementado. No entanto, os problemas com a extensao e o desenvolvimento desse processo sao redobrados
a cada ano. Nesse contexto, é urgente o desenvolvimento de métodos que impegam o desenvolvimento dessa
patologia. Até o momento, foram obtidos resultados a longo prazo do tratamento de céarie no estagio de
coloragao por infiltragdo. Essa técnica permite interromper o desenvolvimento do processo carioso no estagio
local impregnando tecidos patologicamente alterados com um medicamento a base de metacrilato, que
estabiliza o desenvolvimento de carie e cria condigbes para a restauragéo de areas danificadas. Mas a questao
do uso do Icon no tratamento da desmineralizagéo focal do esmalte no estagio do defeito ainda é relevante. O
objetivo desta pesquisa foi estudar a eficacia do tratamento de desmineralizagao focal do esmalte com base na
aplicagdo do método de infiltragdo em combinagdo com varias tecnologias de restauracdo. A pesquisa foi
realizada em 30 dentes selecionados, que foram removidos por varias razbes e nao haviam sido tratados
previamente por via endoddntica. Apos a limpeza mecanica da superficie dentaria da placa na superficie
vestibular de todas as amostras, foi criada a desmineralizagao artificial do esmalte no estagio do defeito. Um
defeito pontual foi criado na superficie vestibular de todas as amostras dentro da zona de desmineralizagao
usando boro esférico. A infiltragcado com Icon (DMG) foi realizada de acordo com as instru¢des do fabricante e
os dentes foram divididos em 6 grupos de 5 amostras cada. O estudo revelou uma dependéncia entre a
escolha do material de enchimento e o tamanho da cavidade preparada. Nos casos em que a cavidade é
extensa, é preferivel o uso de materiais compdsitos com consisténcia e compdmeros tradicionais. Se a
cavidade for pequena, materiais fluidos (compodsitos ou compdémeros) podem ser usados para restaurar o
defeito, porque esses materiais se espalham uniformemente pela cavidade dentaria devido a sua consisténcia
liquida. No modelo experimental, foi possivel estabelecer a eficacia da combinagao do método de infiltragdo
com a preparacao e restauragéo de Icon com materiais de preenchimento fotopolimerizaveis.

Palavras-chave: desmineralizagdo focal do esmalte, tratamento, método de infiltracdo, defeito, tecnologias de
restauraggo.

ABSTRACT

Currently, a large number of methods for caries prevention and treatment have been developed and
implemented. However, the problems with the extension and development of this process are redoubling every
year. Against this background, it is urgent to develop methods that prevent the development of this pathology.
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To date, long-term results of treatment of caries in the staining stage by infiltration have been obtained. This
technique makes it possible to stop the development of the carious process at the spot stage by impregnating
pathologically altered tissues with a methacrylate-based drug, which stabilizes the development of caries and
creates conditions for the restoration of damaged areas. But the question of using Icon for the treatment of focal
demineralization of enamel in the defect stage is still relevant. The purpose of this research is to study the
effectiveness of enamel focal demineralization treatment based on the application of the infiltration method in
combination with various restoration technologies. The research was conducted on 30 selected teeth, which
were removed for various reasons and had not been previously treated endodontically. After mechanical
cleaning of the tooth surface from the plaque on the vestibular surface of all samples was created artificial
demineralization of enamel in the defect stage. A point defect was created on the vestibular surface of all
samples within the demineralization zone using spherical boron. Then the infiltration with Icon (DMG) was
carried out according to the manufacturer's instructions, and the teeth were divided into 6 groups of 5 samples
each. The study revealed a dependence between the choice of filling material and the size of the prepared
cavity. In cases in which the cavity is extensive, using composite materials with traditional consistency and
compomers is preferable. If the cavity is small, then fluid materials (composites or compomers) can be used to
restore the defect because these materials spread evenly throughout the tooth cavity due to their liquid
consistency.On the experimental model, it was possible to establish the effectiveness of the combination of the
infiltration method with Icon preparation and restoration with light curing filling materials.

Keywords: enamel focal demineralization, treatment, infiltration method, defect, restoration technologies.

AHHOTALUA

B HacTosilwee Bpems paspaboTtaHo WU BHedpeHO 6onblUOe KONMYEeCTBO MEeTOAUK MpOdUMAakTUKU U
neyeHnst kapueca. Ho npobnema pacnpocTpaHeHHOCTU M pa3BUTMSA OAHHOrO npouecca C KaxabiM roaoM Bce
cunbHee ycyrybnsetcsa. Ha aTom hoHe nmeeT akTyanbHOCTb pa3paboTka MeTOA0B NPEenATCTBYOLUMX Pa3BUTUIO
OaHHOW natonorvn. Ha cerogHsALWHWIA AeHb NosyYeHbl JONrOCPOYHbIe pesynbTaThl NeYeHus kapueca B cTaauu
naTHa MeToAOoM WHUnbTpauun. [aHHas meToavka AaeT BO3MOXHOCTb OCTaHOBUTb pasBUTUE KapWMO3HOTrO
npouecca Ha cTaguu NsATHA 3a CYET MPONUTLIBAHWSI NATONOMMYECKN M3MEHEHHbIX TKaHeW npenapaTtoM Ha
OCHOBE MeTakpunarta, 4To CcTabunumanpyeT pasBUTME Kapueca M co3faeT YCrnoBWUst AN BOCCTAHOBIEHMWS
NnoBpeXAeHHbIX y4acTkoB. HO Bonpoc npumeHeHus npenapaTta Icon ons nevYeHns o4aroBow geMuHepanusaumm
amanu B ctaguun gedpekra no-npexHeMy ocTtaeTcs akTyanbHbIM. Llenbio HacToswero nccrnegoBaHus siBUNOCh
ndyvyeHne aMAEKTUBHOCTN [lEYEHUS OYaroBOW AeMuHepanu3aumm 3amanu nyTeMm MpuMeHeHus meTtoaa
MHUNBTPALMKM B COMETAHUN C pasNUYHbIMK peCTaBpaLMOHHBIMKN TeXHONorMamMu. MiccnegosaHme npoBoauioch
Ha ypaneHHbix 3ybax, 6bino oTobpaHo 30 3y6oB, yAaneHHbIX MO Pas3NU4YHbIM MOKa3aHusAM, paHee
SHAOAOHTUYECKM He nedeHbix. [locne MexaHW4YecKoOMW O4YMCTKM MOBEPXHOCTM 3y6oB OT Haneta Ha
BECTUOYNAPHON MOBEPXHOCTU BCex 00pa3uoB Obina cosgaHa WCKYCCTBEHHasd AeMUHepanu3auvs amanu B
cTagum gedekta. Ha BecTnbynspHon noBepxHOCTU Bcex obpasuoB, B npedenax 30Hbl AeMUHepanusaumu,
MOMOLLbIO LapoBMAHOro 6opa, Obin co3gaH ToYeuHbl gedekT. 3aTeM NpoBenv MHUIbTPauuio npenapaTom
Icon (DMG) cornacHo MHCTPYKUMM MPOM3BOAUTENSA U pasgenvnu 3ybbl Ha 6 rpynn no 5 obpasuoB B Kaxgow.
BeisiBneHa 3aBucumocTb Bbibopa NnomMbMpoBOYHOrO MaTtepuana oT pa3Mepa oTnpenapvMpoBaHHoi nonoctu. B
TOM crnyyae, Korga nonoctb obwmpHas, 6bonee npegnoyTUTENbHES NCMOMb30BaHME KOMMO3UTHBIX MaTtepuanos
TPaANLUMOHHOW KOHCUCTEHMM M KOMMoMepoB. Ecnn nonoctb Hebonblias, TO BO3MOXHO MPUMEHEHME TeKy4nx
maTepuanoB (KOMMO3NTOB, KOMMNOMEPOB) ANs BOCCTAHOBNEHUSA AedekTa, Tak Kak aToT maTtepuan, brnarogaps
CBOEN XNOKOWN KOHCUCTEHLMM paBHOMEPHO pacnpoCcTpaHaeTCs No BCen nonocTtun 3yba. Ha akcnepnmeHTansHon
Modenun yaanocb YCTaHOBUTb 9EKTMBHOCTbL COYeTaHus MeToda MHWNbTpauun npenapatom lcon ¢
pecTtaBpaumer NnoMoMpoBOYHbEIMM MaTepmanaMmm CBETOBOrO OTBEPXKAEHUS.

KnroueBble cnoBa: oyazogas JdeMuHepanusauusi smanu, rnedyeHue, Memod UuHgunbmpayuu, Oeghekm,
pecmaspayUuoHHbIe MexHoIo2uu.

1. INTRODUCTION year. Therefore, methods are needed to prevent
the development of this pathology. For many

Currently, a large number of methods for years, medicine has been focused on stopping

caries prevention and treatment have been the hard tooth tissue destruction process. Many
developed and implemented [1-3]. However, the invasive and non-invasive methods are used for
problems associated with the extension and this purpose [3-8]. Attempts have been made
development of this process are redoubling every both to preserve tissues with the help of
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remineralizing therapy and to excise the affected
areas by means of preparation. These methods
are widely used worldwide, but the development
process is still underway [8-10].

To date, long-term results of caries
treatment in the stain stage have been obtained
using the infiltration method. This technique
makes it possible to stop the development of the
carious process at the stain stage due to
impregnation of pathologically changed tissues
with a drug based on methacrylate, which
stabilizes the development of caries and creates
conditions for the restoration of damaged areas.
However, the question of whether the “lcon” drug
can be used for the treatment of enamel focal
demineralization in the defect stage remains
relevant. Currently, laboratory [11-19] and clinical
[20-25] investigations are being actively
conducted worldwide to confirm the potential for
the use of the infiltration method for the treatment
of caries in the stain stage. In fact, the immediate
and long-term results of enamel focal
demineralization treatment in the defect stage
can be improved by applying the infiltration
method in combination with various restoration
technologies [25-28]

The purpose of this research is to study

the effectiveness of enamel focal
demineralization treatment based on the
application of the infiltration method in
combination with various restoration

technologies.

2. MATERIALS AND METHODS

The research was conducted on 30
selected teeth, which were removed for various
reasons and had not been previously treated
endodontically. After mechanical cleaning of
dental plaque from the tooth surface (Figure. 1),
artificial demineralization of the enamel in the
defect stage was created on the vestibular
surface of all patterns.

For this purpose, we isolated the entire
tooth surface except for the light-cured composite
material under investigation. This procedure was
necessary to prevent direct penetration of the
substance used. The teeth were immersed in
hydrochloric acid (HCL) with a regular decrease
in the percentage from large to small for 4 weeks
(Figure. 2).

After a preset time, the patterns were
removed, rinsed with water, and cleaned of filling
material. A point defect was created on the
vestibular surface of all patterns within the

demineralization zone using a spherical dental
cutter (Figure. 3).

Then, the patterns were infiltrated with
“Ilcon” (DMG) according to the manufacturer's
instructions, and the teeth were divided into 6
groups of 5 patterns each. The first group was
the control group because the effectiveness of
the infiltration method needed to be evaluated
within the limits of the solution of continuity of the
enamel. The artificially created enamel focal
demineralization in the defect stage was treated
with lcon (DMG) without subsequent filling
(Figure. 4).

In the second group, the defect was
restored with EcuSphere Shine (DMG) using
light-cured composite material in combination
with the 5th generation adhesive system. In the
third group, the defect was restored with the
same EcuSphere Shine composite (DMG) with
the 6th generation adhesive system (Figure. 5).

Thus, we not only evaluated the efficiency
of applying the light-cured composite in
combination with the infiltration method but also
compared the adhesive force of the filling
material to the tooth tissues through the use of
two systems of different generations that are
widely used globally. In the fourth group, the
restoration was performed using Ketac Molar (3M
ESPE) glass-ionomer cement. The cavities of the
patterns of the fifth group were restored with the
fluid composite EcuSphere Flow (DMG). In the
last sixth group, the cavities were restored with
the fluid compomer PrimaFlow (DMG) (Figure. 6).

Figure 1. Appearance of the extracted teeth
included in the study (a) and sample preparation

(b)
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Figure 2. Sample preparation (a) and immersion
in hydrochloric acid (b)
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Figure 3. Purification of samples (a) and artificial
creation of the defect with a bore (b)

Figure 4. Infiltration of all teeth with Icon
according to the instructions and preparation of
the control group

Figure 5. Restoration with the EcuSphere Shine
composite in combination with the 5th generation
adhesive system (a) and EcuSphere Shine
composite in combination with the 6th generation
adhesive system (b)

After the restoration of the defects, all
teeth were prepared in the experimental cell
pathology laboratory by immersing the patterns in
nitric acid (7.5% HNOs; ), followed by daily
replacement of the solution with a smaller
percentage ratio for 20 days. Then, the teeth
were kept in alcohol (C;HsOH) of different
percentages for 7 days with a daily change from
70% to 99%, followed by one hour in chloroform.
Finally, the teeth were filled with paraffin for 24
hours for the subsequent manufacture of slices
with a sledge microtome (HM 450).

After  preparation of thin  slices,
microscopic examination of the patterns was
carried out using scanning electron microscopy
(SEM). The enamel surface and deep layers of
the tooth hard tissues were evaluated using a

low-vacuum scanning electron microscope
(model JEOL JSM-6380LV, Japan). The tooth
microrelief was examined in the secondary
electron emission mode with an accelerating
voltage of 10-15 kV and a magnification ranging
from 400 to 1300 times. A conductive coating —
carbon or gold — was applied to chips of the
extracted teeth to prevent electronic charging and
thermal damage. The deposition of carbon or
gold on a tooth with a thickness of 10—20 nm was
carried out by thermal evaporation in a vacuum at
1.3 x 10 -3 Pa. This protective coating has a low
X-ray absorption coefficient and sufficient
electrical conductivity, which is the basis for its
use and significantly improves the image quality.
The prepared object (tooth) was fastened to the
holder and placed in the chamber of the scanning
electron microscope.

3. RESULTS AND DISCUSSION:

The microscopic examination revealed
significant differences among the patterns.
Effective application of the infiltration method in
combination with the light-cured composite
EcuSphere Shine and the 5th and 6th generation
adhesive system was achieved (Figure. 7).

The boundaries of the filing material
transition in the tooth tissue are solid and have no
macro and micro damages. During the
examination of the tooth slices in the enamel
focal demineralization zone, the presence of
infiltration in the damaged area was clearly visible
as a shinier and lighter area. In
photomicrographs, these areas appear to be
covered with frost in contrast to the more matte,
healthy enamel. A microscopic examination of the
control group patterns showed  uniform
impregnation of the tooth tissues with infiltration
throughout the entire depth of the defect. The
picture shows the presence of infiltration on the
cavity paries of the tooth (Figure. 8).

Figure 6. Restoration with Ketac Molar glass
ionomer cement, EcuSphere Flow fluid
composite, and PrimaFlow fluid compomer
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Figure 7. Microscopic examination of light-cured
composite material-sealed EcuSphere Shine
samples in combination with the 5th (a) and 6th
(b) generation adhesive systems

Figure 8. Microscopic examination of the control
group

-
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Figure 9. Microscopic examination of samples
recovered with the glass ionomer cement Ketac
Molar

Visually, the presence of a filling material
in the cavity of the tooth was distinctly noticeable
on the slices and during microscopic examination
of the patterns restored by the glass-ionomer
cement Ketac Molar (Figure. 9). A partial
detachment of the filling material from the cavity
paries was observed, which indicated a lack of
adhesion to the tooth tissues or its complete
absence.

A detailed examination of the recovered defects
using the fluid compomer PrimaFlow and the
composite EcuSphere Flow determined the
penetration of the infiltration into the tooth tissues
along the entire length of the defect (Figure. 10).

Figure 10. Microscopic examination of the
samples sealed with the fluid compomer
PrimaFlow (a) and the fluid composite EcuSphere
Flow (b)

In areas impregnated with infiltration, the
penetration of the drug into the initial dentinal
layers was confirmed. This finding is of very
important clinical relevance since the probability
of recurrence of the carious process becomes
higher in cases of incomplete infiltration of the
entire volume of the damaged tissues. Although
in the in vitro study, we investigated drug
infiltration on dry patterns, dentin fluid is present
in the vital dentin and can become an
insurmountable obstacle for the penetration of
hydrophobic infiltration. During the course of the
research, we obtained satisfactory results for the
application of this method in combination with the
light-cured composite EcuSphere Shine and the
5th or 6th generation adhesive system.

4. CONCLUSIONS:

The experimental model allowed to
establish the effectiveness of the combination of
the infiltration method with the “lcon” drug and the
restoration of light-cured filling materials, such as
the composite EcuSphere Flow, EcuSphere
Shine, and compomer PrimaFlow. The obtained
electron microscopic examination clearly show
close contact of the filling material with the tooth
tissues, which indicates high adhesion between
them. The use of a combination of methods on
the enamel surface did not result in damage,
which confirmed the safety of using the presented
treatment regimen in practice.
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