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RESUMO

O objetivo do presente trabalho foi desenvolver e caracterizar uma resina adesiva
acrescida de a-fosfato tricalcico (aTCP), que reconhecidamente apresenta potencial de
estimular a deposicdo mineral, avaliando o seu desempenho in vitro quando utilizada
em restauracOes adesivas de dentes deciduos submetidos a remocéo seletiva de tecido
cariado. Sessenta dentes deciduos posteriores com lesfes de cérie profunda em metade
interna de dentina foram submetidos in vitro a remocédo seletiva de tecido cariado, e
restaurados utilizando sistema adesivo com incorporagdo de 0% e 2% de aTCP (n=30).
As resinas adesivas foram caracterizadas pelos ensaios de taxa de polimerizacéo e grau
de conversdo (n=3) e degradacdo em solvente. O desempenho restaurador foi avaliado
atraves de ensaios imediatos e longitudinais (6 meses) de grau de conversao, resisténcia
de unido a microtracdo (Two-Way ANOVA p<0,05) o grupo controle em 24 horas
(2,899) e seis meses apds (2,450), o grupo experimental (2,646) em 24 horas e seis
meses (2,646). Dureza Knoop (Two-Way ANOVA p<0,05), houve aumento da dureza
com o passar do tempo e avaliacdo da deposicdo mineral por Espectroscopia Raman, o

grupo experimental apresentou maior deposicao (3 meses).

Palavras-chave: Fosfatos de calcio, Remineralizacdo dentinaria, Deposicao mineral.
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ABSTRACT

The objective of the present work was to develop and characterize an adhesive resin
added with tricalcium a-phosphate (aTCP), which has the potential to stimulate mineral
deposition, evaluating its in vitro performance when used in adhesive restorations of
deciduous teeth submitted to selective removal Of carious tissue. Sixty posterior
deciduous teeth with deep caries lesions in the inner half of dentin were submitted in
vitro to the selective removal of carious tissue and restored using adhesive system with
0% and 2% incorporation of aTCP (n = 30). Adhesive resins were characterized by
polymerization rate and conversion degree (n = 3) and solvent degradation assays. The
restorative performance was evaluated by means of immediate and longitudinal trials (6
months) of conversion grade, bond strength to microtraction (Two-Way ANOVA p
<0.05) in the control group in 24 hours (2,899) and six months after (2,450),
experimental group (2,646) at 24 hours and six months (2,646). There was an increase
in hardness over time and mineral deposition by Raman Spectroscopy, the experimental

group presented higher deposition (3 months).

Key Words: Calcium phosphates, Dentin remineralization, Mineral deposition.
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1. ANTECEDENTES E JUSTIFICATIVAS

O avanco das pesquisas laboratoriais e clinicas em Odontologia proporcionou uma
melhor compreensao da etiologia e do desenvolvimento da doenca cérie, fazendo com
que a evolugdo dos materiais adesivos nas Uultimas décadas contemplasse uma
abordagem mais conservadora da leséo cariosa [Leal et al., 2014]. A Odontologia de
Minima Intervengdo tem como principios a prevencao da instalacdo da doenca cérie, a
deteccdo precoce da leséo, e a instituicdo de tratamentos menos invasivos [Frenchen et

al., 2012].

Em revisGes sistematicas recentes da literatura envolvendo a remocéo seletiva de
tecido cariado [Ricketts et al., 2006,2013; Schwendicke et al, 2013], uma abordagem
invasiva mais conservadora em lesdes cariosas agudas e profundas em dentina de dentes
deciduos assintomaticos tem sido associada a uma menor ocorréncia de exposicdes
pulpares. Durante muito tempo o conceito de remocdo ndo seletiva até a dentina
endurecida (remocédo total de dentina cariada) foi utilizado, caracterizando-se pela
remocéo de todo tecido desmineralizado e infectado. [Bjerndal et al 2010, Ricketts et al,

2006 e 2013; Schwendicke et al, 2013a; Maltz et al, 2013].

Em um evento na Europa realizado em fevereiro de 2015, denominado “Consensus
Recommendations on Carious Tissue Removal”, que reuniu diversos especialistas e
renomados pesquisadores da area da Cariologia, chegou-se a conclusdo que a remocao
ndo seletiva de tecido cariado até a dentina endurecida ndo ¢ mais recomendada como
uma alternativa para o tratamento de lesdes cariosas profundas em dentina em dentes
deciduos, sendo considerado um sobretratamento [Innes et al 2016; Schwendicke et al,

2016] .
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Em termos bioldgicos, a RSTC esta fundamentada no principio de que em dentes
assintomaticos portadores de lesdes cariosas profundas em dentina a manutencdo da
camada mais profunda de tecido cariado viabilizard condicGes para que a polpa reaja ao
estimulo agressor através da formagdo de esclerose dentinéria (Ricketts et al, 2013). A
remogdo total de tecido cariado das paredes circundantes da cavidade cariosa €
imperativo para o adequado selamento da cavidade, inviabilizando a entrada de
substrato e consequentemente, a progressdo da lesdo. [Ricketts et al, 2006 e 2013;
Schwendicke et al, 2013%]. Em sintese, 0s principios que sustentam a RSTC envolvem a
preservacdo da estrutura dental, a diminuicdo do risco de exposicdo pulpar, a
consequente manutencdo da vitalidade pulpar, resultando em um procedimento clinico
com menor tempo de consulta, interferindo positivamente na ansiedade do paciente,

principalmente quando se trata de uma crianca [Innes et al, 2016].

Ensaios clinicos randomizados em dentes deciduos mostraram altos indices de
sucesso clinico e radiografico apos RSTC [Falster et al., 2002; Casagrande et al., 2010;
Franzon et al., 2007, 2014 e 2015]. Recentemente Franzon e colaboradores [2015]
realizaram um ensaio clinico em dentes deciduos com 24 meses de acompanhamento,
em que as restauracbes adesivas ap0s RSTC apresentaram desempenho menos
satisfatorio que as realizadas apds RTTC. A percentagem de falha de acordo com os
critérios USPHS foi significativamente mais elevada no grupo de escavacao incompleta,
especialmente nos quesitos forma anatémica, descoloracdo marginal e lesdo cariosa
adjacente, em comparacdo com o grupo de escavacdo completa. Os autores concluiram
que a remocdo total de tecido cariado interferiu no sucesso das restauracdes a uma taxa
de sobrevivéncia de 2 anos (86%), embora este grupo tenha apresentado

consideravelmente mais exposicOes pulpares. Ja a técnica de RSTC resultou em menos
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exposicdes pulpares, mas com as restauracOes adesivas apresentando mais falhas

principalmente em cavidades com mais de uma superficie envolvida.

As falhas restauradoras de origem ndo pulpar da técnica de RSTC sdo observadas
em poucos ensaios clinicos até agora publicados. Em um estudo retrospectivo, Dalpian
e colaboradores (2014) observaram que as falhas restauradoras foram a razdo para a
maioria dos desfechos de insucesso no tratamento de RSTC (13%). Ja as falhas decorrentes
de sinais e sintomas de necrose pulpar como fistula, edema, necrose e radiolucidez na
regido interradicular e /ou periapical, foram encontradas em 6,7% dos casos. Os autores
também observaram que pacientes que apresentavam maiores indices de placa visivel apds
o tratamento e durante as consultas de manutencdo profissional periddica tinham maiores
chances da ocorréncia de falhas no tratamento. Com isso, os autores concluem que 0s
insucessos na RSTC em dentes deciduos estdo relacionadas ao risco de cérie do individuo,
bem como ao alto indice de placa visivel do que & questdo técnica propriamente dita

(dentina cariada deixada intencionalmente abaixo da restauragao).

Com relacdo a resisténcia mecanica de restauragcdes adesivas de resina composta em
dentes submetidos a RSTC, um estudo laboratorial em pré-molares com leséo de cérie
artificial, Schwendicke e colaboradores (2014) ndo encontraram diferencas
significativas entre RSTC e RTTC, independente da profundidade da cavidade. Esses
dados diferem dos dados de Hevinga e colaboradores (2010), onde molares permanentes
com lesdes de carie (ndo artificial) em dentes submetidos a RSTC apresentaram menor
resisténcia a fratura (54%), quando comparados aos submetidos a remocao total de

tecido cariado.

O aprimoramento de técnicas que visam melhorar o desempenho restaurador apds a
RSTC se faz necessario, uma vez que maioria dos tubulos dentinarios esta ocluida por

depdsitos minerais resistentes aos acidos [Nakajima et al., 2005], o que por si s
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interfere na formagdo de tags resinosos [ERHARDT et al., 2008] promovendo assim a
desmineralizacdo ndo uniforme do substrato ao acido fosforico [Wang et al., 2007].
Esses fatores fazem com que a camada hibrida formada em um substrato com tecido
cariado remanescente seja menos estavel [Haj-Ali et al., 2006; Erhardt et al., 2008].

O uso de biomateriais tem sido amplamente pesquisado em dentes submetidos a
RSTC [Tay e Pashley em 2009]. Os compostos de fosfato de célcio sdo utilizados em
diversas areas da Odontologia, tais como na aplicacdo de revestimento em implante de
titanio [Niwa et al., 2009], como material restaurador [Arcis et al., 2002], como cimento
para capeamento pulpar [Peters et al., 2010], como cimentos endoddnticos [Portella et
al., 2015] e como sistemas adesivos [Melo et al., 2013]. Por conta deste historico,
biomateriais como o0s ions calcio e fosfato podem ser incorporados a uma resina
adesiva. Com relacdo a manutencdo intencional na cavidade de um tecido
desmineralizado na parede pulpar da cavidade, a precipitacdo desses ions pode
contribuir para a formacdo de hidroxiapatita [Xin et al., 2005; Gandolfi et al., 2010],
levando a remineralizacdo da dentina afetada, e consequentemente, o restabelecimento
das propriedades mecanicas e resisténcia de unido de um material adesivo ao substrato
dentario [Bertassoni et al., 2011].

O fosfato tricalcico (TCP) utilizado para liberar hidroxiapatita apresenta em sua
variacdo alotrépica alpha um produto mais reativo comparado a variacdo beta em
solucBes aquosas, Visto que 0 seu arranjo estrutural possibilita a maior troca de ions
fosfato e célcio com o meio [Guastaldi et al.,2010]. Com isso o a-TCP deve ser
analisado quanto ao seu acréscimo na composicdo de uma resina adesiva para casos

clinicos onde a técnica de remocdo seletiva de tecido cariado estaria indicada.
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2. OBJETIVOS

O objetivo do presente trabalho foi desenvolver e caracterizar uma resina adesiva com a
incorporagdo de o-fosfato tricalcico que apresente potencial de estimular a deposicdo
mineral, avaliando o seu desempenho (in vitro) em restauracGes adesivas de dentes

deciduos apds a técnica de remocdo seletiva de tecido cariado.
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ABSTRACT

The objective of the present work was to develop and characterize an adhesive resin
added with tricalcium a-phosphate (aTCP), which has the potential to stimulate mineral
deposition, evaluating its in vitro performance when used in adhesive restorations of
deciduous teeth submitted to selective removal Of carious tissue. Sixty posterior
deciduous teeth with deep caries lesions in the inner half of dentin were submitted in
vitro to the selective removal of carious tissue and restored using adhesive system with
0% and 2% incorporation of aTCP (n = 30). Adhesive resins were characterized by
polymerization rate and conversion degree (n = 3) and solvent degradation assays. The
restorative performance was evaluated by means of immediate and longitudinal trials (6
months) of conversion grade, bond strength to microtraction (Two-Way ANOVA p
<0.05) in the control group in 24 hours (2,899) and six months after 2,450), the
experimental group (2,646) at 24 hours and six months (2,646). There was an increase
in hardness over time and mineral deposition by Raman Spectroscopy, the experimental

group presented higher deposition (3 months).

Key Words: Calcium phosphates, Dentin remineralization, Mineral deposition.
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Introduction

The advancement of laboratory and clinical research in dentistry has provided a
better understanding of the etiology and development of caries disease, making the
evolution of adhesive materials in recent decades contemplate a more conservative
approach to carious lesion [Leal et al., 2014]. Selective removal to firm dentine has
demonstrated effectiveness clinical, radiographic and lower risk of pulpal exposure
[Falster et al, 2002; Franzon et al, 2007, 2014,2015., Casagrande et al, 2010].

Franzon et al., [2015] demonstrated through a clinical trial in deciduous teeth
that restorations after Selective removal to firm dentine presented a less satisfactory
performance than those performed after total caries removal (TCR). [Hevinga et
al.,2010] found a reduction of the in vitro fracture resistance of occlusal composite
restorations performed on carious dentine compared with total caries removal
restorations. The authors suggest that possibly these restorations present clinical
failures over the time.

The low values of adhesion and mechanical effects of teeth submitted to PCR
can compromise the longevity of the restoration in the long term. The use of
biomaterials has been widely researched in teeth submitted to PCR [Tay and
Pashley, 2009].

Calcium phosphates are wused in the preparation of biomaterials for
remineralization. Thus, biomaterials that release calcium and phosphate ions can be
incorporated into the adhesive system that will be used on the altered dentin,
because the precipitation of these ions can stimulate the formation of hydroxyapatite

[Gandolfi et al., 2010].
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The aim of this study was develop and characterize an adhesive system with
tricalcium a-phosphate («TCP) to submit potential to stimulate mineral deposition,

and evaluate in vitro performance when used in restoring teeth to PCR.

2. Subject and Methods

Experimental adhesive resins

The reagents bisphenol A glycol dimethacrylate (BisGMA), 2-hydroxyethyl
methacrylate (HEMA), camphorquinone (CQ), ethyl 4-dimethylaminobenzoate (EDAB)
and hydroxytoluene butylated (BHT) were used (Sigma-Aldrich, St. Louis, MO, USA).
The experimental adhesive resins were formulated by mixing 66.66 wt% BisGMA and
33.33 wt% HEMA. CQ and EDAB were added, as the photo-initiator system, at 1 mol%
according to the moles of monomer used; and BHT at 0.01 wt% as polymerization
inhibitor. The experimental ion-releasing adhesive resin was obtained with the
incorporation of the inorganic filler aTCP at 2 wt% (G2%), synthesized according to
dos Santos et al [dos Santos, et al 2002] and presenting a mean particle size of 6,03 um
[Portella 2015] An experimental adhesive resin without inorganic filler was used as
control (G0%). All formulations were weighed with an analytical balance (AUW220D;
Shimadzu, Kyoto, Japan), mixed and ultrasonicated (L100; Schuster, Santa Maria, RS,
Brazil) to obtain homogenous solutions. To perform photoactivation, light source device

used was Radii cal (1200 mW/cm?, SDI, Bayswater, Victoria, Australia).

Softening in ethanol
To determine the resistance to degradation in solvent, 5 specimens per group (n=5)

with 4 mm of diameter and 1 mm thick were used. The specimens were obtained with a
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silicon matrix that was covered with a polyester strip and photoactivated for 20 seconds
in both sides. Specimens were than embedded in an acrylic resin and polished in a
polisher (Model 3v, Arotec, Cotia, SP, Brazil) with silicon carbide sandpapers (1000
and 1200 granulation) and a felt disc saturated with alumina suspension (Alumina, 0,5
pm, Arotec, Cotia, SP, Brazil). After, the specimens were dried at 37 °C for 24 h. Five
indentations, 100 um apart from each other, were assessed (at 10 g for 5 s) in each
specimen with a microhardness tester (HMV 2; Shimadzu, Tokyo, Japan) in order to
obtain the initial Knoop hardness number (KHN1). The specimens were immersed in a
solution of 50% ethanol (Labsynth, Diadema, SP, Brazil) and 50% distilled water for 1
h and washed with distilled water. Another five indentations were assessed to determine
the final Knoop hardness number (KHNZ2). The percentage difference of KHN1 and

KHNZ2 was also calculated (AKHN%).

Polymerization kinetics and degree of conversion

The polymerization Kinetics and degree of conversion for each experimental
adhesive resin were evaluated via Fourier-transform infrared spectroscopy with a
spectrometer (Vertex 70, Bruker Optics, Ettlingen, Germany) coupled to a horizontal
attenuated total reflectance (ATR) device consisting of a diamond crystal (Platinum
ATR-QL, Bruker Optics, Ettlingen, Germany). A support device was used to affix the
light-curing unit at a distance of 1 mm from the top of the sample. The samples (n = 3)
were directly dispensed onto the ATR crystal and photoactivated for 30 s by a light-
emitting diode Radii Cal (1200 mW/cm?, SDI, Bayswater, Australia). One hundred
scans were made at 10 kHz velocity and 4 cm™ resolution, with an instrument aperture
of 6 mm. Absorbance spectra were obtained using Opus software (Opus 6.5, Bruker

Optics, Ettlingen, Germany), with Blackman-Harris 3-Term apodization over the range
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of 4000 to 400 cm *. The degree of conversion was calculated considering the intensity
of carbon-carbon double bond stretching vibration (correspondent peak at 1640 cm™)
and using the aromatic carbon-carbon double bond stretching vibration at 1610 cm™
from the polymerized and unpolymerized samples as an internal standard. Data were
plotted and curve fitting was applied. In addition, the polymerization rate (Rp (s )) was
calculated as the degree of conversion at time t subtracted from the degree of conversion

at time t-1.

Tooth selection and preparation

Sixty extracted human posterior deciduous teeth with deep carious lesions,
radiographically involving the inner pulpal third or quarter of dentine, were selected.
The teeth were obtained under a protocol approved by the Research Ethics Committee
of Federal University of Rio Grande do Sul, Brazil. They were stored in distilled water
at 4°C until use. The teeth were submitted to selective removal to soft dentin. The
necrotic tissue at the pulpal wall was removed with dentin excavators, and the cavity
margins were prepared to hard dentin with low-speed round burs and dentin excavators.
When necessary, the cavities were also assessed and prepared using high-speed round

diamond burs under water cooling.

Bonding and restoring procedures

Specimens were randomly allocated into two groups (n=30) according to the
adhesive resin used: (1) control, (2) experimental. Cavities were conditioned with 37%
phosphoric acid etching of enamel for 15 s and dentine for 7 s. A commercial primer
(Primer Scotch Bond Multi Purpose, 3 M ESPE, St. Paul, MN, USA) was actively

applied to dentin for 20 s and air-dried until solvent was visually volatilized. Adhesives
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resins were applied and light-cured for 20 s using a LED unit Radii Cal (1200 mW/cm2,
SDI, Australia), followed by placement of two 2 mm-thick increments of a resin
composite (Filtek Z350XT, 3M-ESPE, St. Paul, USA), light-cured for 40 s each. After
resin composite restoration, the teeth were stored in distilled water ate 37 °C for 24 h.

The longitudinal storage of samples will be in SBF [Kokubo, et al 2006].

Microtensile bond strength and failure pattern analysis

The teeth were longitudinally sectioned in slices using a diamond saw (Isomet,
Buehler, Lake Bluff, USA). One slice per teeth from the middle of the cavity was kept
and the others were further sectioned in sticks (0.7 mm x 0.7 mm). The specimens from
each group were then randomly reassigned into two subgroups (n=15) according to the
storage time before testing: (1) no storage, (2) 6 months in simulated body fluid (SBF).
The SBF was renewed at each 15 days. The specimens were fixed in a metallic device
by using cyanoacrylate adhesive, and submitted to the microtensile bond strength at a
universal testing machine (EZ-SX Series; Shimadzu) with a crosshead speed of 1
mm/min. The fracture pattern was evaluated with a stereomicroscope (HMV?2;
Shimadzu) and classified as adhesive, mixed, cohesive in dentin or cohesive in

composite.

Knoop hardness

One slice per teeth was kept and stored in SBF during 6 months. Initially, the slices
were hand-polished using 600#, 1200#, 1500# and 2000#-grits SiC abrasive papers and
felt disc saturated with an alumina suspension (Alumina, 1 um, Arotec, Cotia, SP,
Brazil), under water irrigation (60 s each step). The specimens were subjected to a

microhardness test in which five lines of indentations (10 g/5 s) starting 10 pm from the
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cavity floor toward the pulp chamber wall and 100 um apart of each other were
evaluated. A 100-um distance was left between each point in lines, resulting in 6
measurement points at 10, 110, 210, 310, 410 and 510 um from the cavity floor.
Microhardness was assessed using a digital microhardness tester (HMV 2, Shimadzu,
Tokyo, Japan). This analysis was done at baseline, after 3 months and after 6 months of
SBF storage. The slices were maintained vertically suspended in SBF to avoid that the

precipitated hydroxyapatite to be deposited on the specimens’ surface.

Interface analysis for mineral deposition

Micro-Raman spectroscopy was performed, using a SENTERRA Raman
Microscope (Bruker Optics, Ettlingen, Germany), to assess mineral deposition of one
stick per teeth. The same side of the stick was analyzed at baseline, and after 1 and 2
months of storage in SBF. The following micro-Raman parameters were used: a 100
mW diode laser with 785 nm wavelength and spectral resolution of ~3.5 cm™, with 5
coadditions and an accumulation time of 3 s. A two-dimensional mapping was
performed over a square of 500 p x 500 W, at intervals of 20 um using a computerized
XYZ stage. It covered the composite resin, adhesive layer, hybrid layer and caries-
affected dentin. Spectra were acquired between 110 and 1540 cm’, and with the
software Opus7.2 (Buker Optics, Ettlingen, Germany) the correspondent peak of PO,

(960 cm™) were used for integration.

Sample Calculation
The sample number was established according to the literature for the conversion
degree and polymerization rate tests [Collares et al., 2011], and degradation in solvent

[Leitune et al., 2013]. For the microtensile test the sample number was based on a study
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that used 16 teeth per group to evaluate the bond strength to microtraction in dentin
affected by caries after partial removal of carious tissue by different methods (Hamama
et al., 2014). The parameters used for the sample calculation were: minimum significant
difference (5 MPa), mean (26.1 MPa), estimated standard deviation of residues (3.7
MPa) and number of groups (4). The sample calculation was performed with the
statistical analysis program SigmaPlot 12.0 (Systat Software Inc., San Jose, USA) for a

significance level of 5% and a study power of 80%.

Statistical analysis
The paired t-tests and one-way ANOVA for solvent degradation, and one-way

ANOVA and Tukey to Degree of conversion. The Two-way ANOVA (RM) for Knoop
hardness and microtraction Two-way ANOVA.
3. Results
The characterization of the experimental adhesive system required information on how
this new material behaves in the face of solvent degradation. The experimental adhesive
resin showed the same initial Knoop hardness (KHN1) of control group. After the
immersion in solvent, all groups showed decreased values of microhardness (KHN2).
There was no difference between the groups for percentage of reduction (AKHN%).

The Table 1 presents a resistance to solvent degradation, per group KHN1 (Knoop
hardness initial), KHN2 (Knoop hardness final) and AKHN% (Knoop hardness

percentage of reduction).

Table 1 Microhardness values before (KHN1) and after the immersion in solvent
(KHN2) and the percentage variation of microhardness value (AKHN%) and degree

of conversion (DC%) for experimental adhesive resins.
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KHN1 KHN2 AKHN% DC(%)

Contr 2348 (£1,58)Aa 15,16 (£1,61)b 3551 (£381)A 62,16 (20,31)

Exp 2140 (579)Aa 14,83 (:3,44)b 2649 (+2548)A 63,0(+-0,82)

Different capital letter indicates statistical difference in same column (p<0.05).
Different small letter indicates statistical difference in same row (p<0.05).
The Polymerization kinetics of experimental adhesive resins are shown in Figure 1 and
2.

Figure 1. Polymerization rate as a function of time (experimental resin)
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Figure 2. Degree of conversion of experimental adhesive resins.
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On the performance tests of adhesive systems Microtensile bond strength values, there
was no statistical difference between the groups for immediate an after aging bond
strengths.

The table 2 presents Microtensile bond strength immediate and after 6 months of
SBF storage, there was no statistical difference between the groups for immediate and
after aging bond strengths. The microtensile remained stable after six months.

Table 2 Microtensile bond strength immediate and after six months of SBF storage.

24h fim
Ctrol 21,988 (+-2.809) Aa 19033 (+-2450) Aa
Experimental 14,431 (+- 2,646) Aa 21,03 (+-2,646) Aa

Different capital letter indicates statistical difference in same column (p<0.05). Different small letter indicates statistical difference

in same row (p<0.05).

There was no difference between they for the same depth and time of evaluation, except
on the depths 300 and 400 (24h). From 100 um depth to 500 um depth it could be
observed an increasing or a maintenance in Knoop hardness for both groups when

comparing 24 h and 3 m values. All the values are shown in Table 3.

Table 3 Knoop hardness values according depth and time.

Depth

24h

3m

6m

Ctrol
Exp
Ctrol
Exp
Ctrol
Exp
Ctrol

Exp

Ctrol
Exp

Ctrol

Exp

10

10

100

100

200

200

300

300

400

400

9,735 (+7.81) Ab
9,008 (+11,98) Ab
12.205 (6.12) Ab
8,383 (+4.86) Ab
13,563 (+4.82) Ab
8313 (+5.8) Ab
13.563 (+3.9) Aa
8,313 (+6,92) Ab
20,384 (+13.5) Aa
12.188(9.01) Ab
14,933 (+6.13) Ab

11,128 (+8.89) Ab

16,285 (16.64) Aa
16,805 (+4.54) Aa
19.899(+9.9) Aa
17,010 (+4.96) Aa
19,620 (£9.6) Aa
18.568 (+17.3) Aa
19.620 (+13.04) Aa
18,568(+4,22) Aa
20,321(+14,7) Aa
21.694 (+5.77) Aa
20,245 (+13,35) Aa

21,133 (+23.01) Aa

14.550 (+ 6.29) Aa
15,161 (+4.51) Aa
17.625(+4.01) Aa
16,747 (£5.37) Aa
25,066 (+3.7) Aa
24,395 (+22.8) Aa
25,066 (13.6) Aa
24,305(+15,64) Aa
21,935 (+5.59) Aa
18.205 (£5.80) Aab
22.2(+5.9) Aa

17,755 (47.35) Aa

Different capital letter indicates statistical difference in same column for the same depth (p<0.05). Different small letter indicates statistical difference in same row (p<0.05).
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The cohesive dentin fracture pattern was predominant in all groups. The control group,
immediately (37,5%) and after 6 months (30,43%). The experimental group, both
cohesive dentin fracture patterns (52,17%) in 24 hours and after 6 months the cohesive

dentin (55,5%) (Figure 2).

Experimental 6 m -j
Experimental 24 h- I

Control 6 m:

Control 24 h -

o 20 40 60 80 100

The figure 3 presented a mineral deposition analyzed by Raman spectroscopy, and be
observed an increased mineral content over time for the experimental group.

Figure 3 Representative images of mineral deposition at dentin/adhesive resin
interfaces of control and experimental evaluated by Raman spectroscopy using the the

correspondent peak of PO4 (960 cm™) for integration.
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-
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4. Discussion

The PCR causes concern about the increase of other non-pulpal risks to the tooth
[Schwendicke et al, 2013]. The hypothesis is that the reduced adhesion strength of
carious dentin and the mechanical effects of softened dentin could compromise the
longevity of the restoration in the long term. Therefore, the possible acceleration of
marginal degradation with gaps formation could increase susceptibility to adjacent
caries and increase micro infiltration [Schwendicke et al, 2014].

The higher bond strengths are achieved when a restoration material is bonded to sound
instead of carious dentin [Xie et al., 1996; Yoshiyama et al., 2002; Say et al., 2005] and
carious dentin is softer and has a lower Young’s modulus than sound dentin [Marshall
et al., 2001; Zheng et al., 2003]. Both factors may result in larger deformation of the
tooth-restoration complex, leading to higher marginal stresses and increased
susceptibility to fatigue failure.

The demineralized dentin may not sufficiently support the restoration and may reduce
adhesion between the adhesive restoration and the tooth. Youshiama et al. [2002] found
significantly higher values of bond strength in healthy dentin when compared to dentin
and infected dentin, the latter of which presented the worst results.

The aim of this study were to develop and characterized an adhesive resin with the
incorporation of o-tricalcium phosphate (oTCP), to induce intrafibrillar collagen
biomimetic remineralization, to the bonding longevity of the resin-dentin interface
could be enhanced and the mechanical properties restored [Niu L, et al; 2014]. The
addition of 2% of o TCP might not have been sufficient to represent a reduction in the
fraction of polymeric matrix, which is in turn degraded by the solvent, and result in a

reduced variation on Knoop hardness [Leitune, et al; 2013]. Because the initial value of
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Knoop hardness of experimental group was the same as when compared to control
group.

The incorporation of fillers may also affect the polymerization behavior, by acting like
rigid centers for chain initiation [Farooq, et al; 2000]. In this study, the incorporation of
aTCP did not influence the degree of conversion of adhesive resin, possibly because it
was added at a concentration of 2 %. Regarding the polymerization Kinetics, the
polymerization rate of experimental group was higher than control group. The filler
addition increases the viscosity of the mixture, and the limited mobility results in an
autoacceleration at a higher rate and more rapid [Ribeiro, et al.,1999; Miller, et al.,
1962]. Also, the aTCP may have increased the polymerization reaction due to
diffraction and scattering effects, which influence the availability of light energy within
the polymer [Miller, et al., 1962].

The performance of experimental adhesive resin, were observed important results like
of hardness knoop From 100 um depth to 500 um depth it could be observed an
increasing or a maintenance in Knoop hardness for both groups when comparing 24 h
and 3 m values, this situation was the in a study of Dalpian e colaboradores em 2012
When the microhardness was analyzed toward the pulp, the intermediate depths (200
600 um) showed a significant increase for the treated teeth , compared with decayed
teeth, suggesting mineral gain (remineralization) in the affected area. Maybe the depth
of the lesion was a factor that negatively influenced the fracture resistance and also the
cusp deflection was significantly increased in teeth with selective removal of carious
tissue in deep cavities. The difficulty of adhesion may impair cusp deflection, since
adequate adhesive restoration can stabilize a cusp deflection in large cavities

[Schwendicke, et al., 2014].
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The experimental adhesive resins showed the largest deposition (top-down) on the
interface over time, compared with control group. This information is important to
possible future clinical studies, because the deposition associated with non-collagenous
proteins along with specific MMPs and other important enzymes secreted by
odontoblasts may play critical roles in orchestrating the mineralization of dentin [Li-

Niu, et al., 2013].
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4. Consideracdes finais

A técnica da RSTC em dentes deciduos apresenta bons resultados clinicos e
radiogréaficos, além de preservacdo da estrutura dental com consequente diminuicdo do
risco de exposicdo pulpar, refletindo assim em um menor tempo de consulta, sendo este

quesito fundamental para o melhor manejo dos pacientes pediatricos.

As taxas de sucesso em restauracdes adesivas (sobrevida) para RSTC em ensaios
clinicos tem se mostrado menor comparado a RTTC. Com objetivo de melhorar o
desempenho restaurador da técnica adesiva em dentes deciduos, o intuito do presente

artigo foi desenvolver e caracterizar uma resina adesiva com a incorporagdo de um
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fosfato de calcio (alpha-TCP) visando aumento da deposicdo mineral e
consequentemente uma melhor performance do substrato para fins de desempenho
clinico da restauracdo. Este ganho estaria materializado nos resultados extraidos dos

ensaios de resisténcia de unido e dureza Knoop.

Na analise em Espectroscopia Raman, foi possivel observar uma maior deposicao
mineral no grupo experimental, porém insuficiente para um consideravel aumento dos
valores de Microdureza Knoop e Resisténcia de Unido a microtracdo quando comparada
a resina adesiva controle. No entanto, ha que se considerar uma limitagdo no presente
estudo por ter sido avaliado o desempenho dessa resina experimental por apenas seis
meses. Um periodo maior de acompanhamento é importante ser realizado e analisado,

para que estes resultados sejam extrapolados para a pratica clinica.

N&o se trata de uma acdo com vistas a resposta biologica do complexo dentina-
polpa, até porque a literatura ja o faz com muita sustentacdo pelas evidéncias
disponiveis. Trata-se de uma acdo voltada para a melhoria das condicGes daquele
substrato desmineralizado deixado intencionalmente na parede pulpar implicado em
uma melhor adesdo. Assim esta sendo sugerido que para uma melhora do desempenho
do alpha-TCP seja realizada através da unido do mesmo a analogos biomiméticos. Com
a utilizacdo desses na presenca de uma resina adesiva que libere ions calcio e fosfato é
constituida uma remineralizacdo intrafibrilar da matriz colagena. A recuperacdo do
conteddo mineral desse compartimento da dentina tem sido reportado como essencial

para a recuperacdo do modulo de elasticidade e da dureza da dentina cariada.

Outro aspecto importante a ser considerado é que por tratar-se de um estudo in
vitro ndo foi possivel determinar como serd o comportamento do alpha-TCP junto as

reacbes do complexo dentina-polpa, como por exemplo, a esclerose dentinaria, que
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consiste na deposicdo de minerais nos tdbulos dentinarios, e dos fatores de crescimento,
potencialmente disponiveis na matriz dentinaria em casos de injuria.

Diante dos animadores resultados apresentados no artigos, é possivel recomendar
que o potencial dos biomateriais, como a adi¢do do alpha-TCP em resina adesiva, deve
ser alvo de mais estudos, especificamente na Odontopediatria em situagdes clinicas

onde técnicas de minima intervencdo em lesdes cariosas estariam indicadas.
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