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RESUMO

Materiais obturadores devem apresentar propriedades fisico-quimicas ideais para auxiliar o
sucesso do tratamento endodontico. Entretanto, ndo hd consenso na literatura sobre qual
material seria o ideal para dentes deciduos. O objetivo neste estudo foi comparar as
propriedades fisico-quimicas de materiais utilizados como curativos de demora e/ou
obturadores convencionais e associagdes destes. Os materiais estudados foram: Calen®,
Calen® associado ao iodoférmio, Calen® associado ao 6xido de zinco (ZnO), éxido de zinco e
eugenol (OZE), UltraCal®X$S, Vitapex® e associacdo de digluconato de clorexidina 2%,
hidréxido de célcio [Ca(OH)2] e ZnO. Avaliou-se o escoamento horizontal, radiopacidade,
solubilidade e liberacdio de fons hidroxila (OH") e calcio (Ca**). Para o escoamento, materiais
foram manipulados e 0,05 ml de cada material foram transferidos para seringas plasticas,
colocados sobre placas de vidro e pressionados. Apds 7 minutos, os didmetros (maior e
menor) foram mensurados (em mm) utilizando paquimetro digital. As andlises foram
realizadas em triplicata e calculou-se a média. Foram selecionados e preparados
endodonticamente 168 dentes bovinos deciduos e distribuidos em 7 grupos experimentais
(materiais obturadores) e grupo controle (sem material obturador), de acordo com as anélises
da radiopacidade (n=5), solubilidade (n=5), liberacdo de OH™ (n=8) e liberacao de Ca’* (n=8).
Para a avaliacido da radiopacidade, imagens radiogréficas digitais foram avaliadas de acordo
com tons de cinza em uma escala de aluminio (Al), antes e apds a solubilizacdo em dgua por 5
dias. Para a andlise da solubilidade, mensurou-se o volume de material (mm?®) presente nos
dentes, antes e apds a solubilizacdo em agua por 5 dias, utilizando-se Micro-CT. Para a
liberagdo de (OH") (escala de pH) e Ca** (ug/mL), os espécimes foram imersos em dgua e as
solucdes foram avaliadas em 1h, 1, 2, 3, 5, 7, 15 e 30 dias. Os resultados foram submetidos ao
teste de normalidade Shapiro-Wilk (0=5%). Para o escoamento horizontal, radiopacidade e
solubilidade os resultados foram submetidos 8 ANOVA um critério, teste de Tukey e teste t
pareado para comparagdo entre antes e apoOs solubiliza¢do (a=5%). Para a liberacdo de OH e
Ca* utilizou-se ANOVA dois critérios e teste de Tukey (0=5%). Quanto ao escoamento
horizontal, a pasta Calen® apresentou os maiores valores (21,79mm) (p>0,05). Quanto 2
solubilidade, Calen®+ZnO (0,14mm3), digluconato de clorexidina 2%+ Ca(OH)+Z0
(0,54mm3) e Vitapex® (0,15mm3) foram as que apresentaram menor perda de material via
forame apical (p>0,05). Para radiopacidade, o material mais radiopaco antes (107,94 mmAl) e
ap6s (65,82 mmAl) a solubilzacdo foi Calen®+iodoférmio (p>0,05). Calen® apresentou maior

alcalinidade durante todo o tempo do estudo, seguida da Calen®+ZnO, que ndo apresentou



diferenca significativa da Calen® durante os 4 primeiros tempos e manteve o mesmo padrio
de liberacdo de (OH") que os demais materiais (p>0,05). Quanto a liberacdo de Ca**, Calen®
foi a que liberou mais fons durante todo o perfodo do estudo, seguida da Calen®+ZnO e
Calen®+odoférmio, que nfio apresentaram diferenca estatistica entre si (p>0,05). De acordo
com os resultados obtidos, pode-se concluir que o material obturador que apresenta maior
quantidade de propriedades desejdveis para materiais obturadores de dentes deciduos foi a

Calen® associada ao ZnO.

Palavras—chaves: Endodontia, Dente Deciduo, Materiais restauradores do canal radicular,

Propriedades fisicas e quimicas



ABSTRACT

Filling materials should present ideal physicochemical properties to aid the success of
endodontic treatment. However, there is no consensus in the literature about what ideal
material should be used in primary teeth. The objective of this study was to compare the
physical and chemical properties of intracanal medication materials, conventional fillings and
associations among them. The materials studied were: Calen®, Calen® associated with
iodoform, Calen® associated to zinc oxide, zinc oxide and eugenol, UltraCal®Xs, Vitapex®
and 2%, chlorhexidine digluconate in association of calcium hydroxide [Ca(OH):] and zinc
oxide. Were evaluated the horizontal flow, radiopacity, solubility, hydroxyl (OH’) and
calcium (Ca®*) ions release. For horizontal flow test, the materials were handled and after 3
minutes, 0.05 ml of each material were transferred to plastic syringes, placed on glass plates
and pressed. After 7 minutes, the diameters (major and minor) were measured (in mm) using a
digital calipers. The analyzes were performed in triplicate and averaged. Were selected and
prepared endodontically 168 bovine primary teeth , which were divided into 7 experimental
groups (filling materials) and a control group (without filling material), according to the
analysis of radiopacity (n=5), solubility (n=5), (OH") ions release (n = 8) and (Ca®*) ions
release (n = 8). To evaluate the radiopacity, digital radiographic images were evaluated
according to the image’s shades of gray on an aluminum step wedge (Al). The analysis of
solubility was done by measuring the volume of material present on the teeth before and after
immersion in water for 168 hours using micro-CT images. For the (OH") and (Ca®") ions
release, the specimens were immersed in water and the solutions were evaluated at 1, 1, 2, 3,
5, 7, 15 and 30 days. The results were submitted to the Shapiro-Wilk normality tests. For
horizontal flow tests, radiopacity and solubility results were submitted to a one-way ANOVA,
Tukey and paired t-tests to compare the results before and after solubilization (0=5%). For the
(OH) and (Ca**) ions release was performed two-way ANOVA and Tukey tests (a=5%). For
the horizontal flow, Calen® presented the highest value (21.79mm) (p>0.05). As solubility,
Calen® + zinc oxide (0.14mm3), 2% chlorhexidine gluconate + ZnO + Ca (OH); (0.54mm3)
and Vitapex® (0.15mm3) showed the less material loss via apical foramen (p>0.05). In the
radiopacity test, Calen® + Iodoform showed the highest results before (107.94 mmAl) and
after (65.82 mmAl) solubility (p>0.05). About the (OH") ions release, Calen® showed higher
alkalinity throughout the study period, followed by Calen® + zinc oxide, which showed no
significant difference Calen® during the first four study times and remained presenting the
same standard of (OH) ions release than other materials. For the test of (Ca?*) ions release,

the Calen® paste was that released more calcium ions throughout all the study period,



® + jodoform, which showed no statistical

followed by Calen® + zinc oxide and Calen
difference among them (p>0.05). According to the results obtained, it can be concluded that,
the filling material that showed the highest amount of desirable properties for deciduous teeth

shutters materials was Calen® associated with the Zinc Oxide.

Key-words: Endodontics, deciduos tooth, root canal filling materials, physical and chemical

properties.
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1 INTRODUCAO

A Odontopediatria tem como principal objetivo a manutencao da denticao decidua
em condi¢des funcionais nos arcos dentdrios até o periodo de esfoliacdo fisiolégica (Hobson,
1970; Cunha et al., 2005; Antoniazzi et al., 2015). Nos paises em desenvolvimento, como o
Brasil, a carie dentédria permanece como um dos problemas mais prevalentes de satde publica,
especialmente em criancas (Lemos et al., 2014). Apesar da diminuicdo da prevaléncia da
doenca cérie, 56% das criangas possuem experiéncia com a doenga (SB-Brasil, 2010) e ainda
sdo detectadas necessidades de terapia endodontica em dentes deciduos, uma vez que lesoes
de cérie extensas podem afetar tecidos pulpares, tornando a manutenc¢do destes no arco
dependente de tratamento endoddntico (Imparato et al., 2012).

O tratamento endodOntico evita exodontias desnecessdrias e possibilita a
permanéncia do dente deciduo na cavidade bucal, tornando-se assim a opcao mais favordvel
quando ndo hid comprometimento da cripta do germe do dente permanente, quando ha
possibilidade de restauracdo do dente, quando o paciente ndo apresentar febre, qualquer tipo
de doenca da infancia, doenca renal cronica, cardiopatias, discrasias sanguineas, tumores
malignos, diabetes ndo controlada e estomatite herpética (Kramer et al., 2000). O tratamento
endodontico em dentes deciduos é descrito como complexo devido a certas caracteristicas,
como topografia dos canais radiculares, relacdo com estruturas adjacentes, ciclo bioldgico do
dente deciduo, e etiologia da complicacdo pulpar, pois em casos de necrose, pelo menos % da
dentina radicular encontra-se infectada (Hobson, 1970; Barr et al., 1999; Cunha et al., 2005;
Silva et al., 2006; Cleghorn et al., 2012; Pramila et al., 2015). Sendo assim, o tratamento dos
canais radiculares consiste no debridamento mecéanico, desinfec¢do, ampliacao e limpeza dos
canais utilizando-se substincias quimicas auxiliares e um material obturador adequado
(Harini Priya et al., 2010; Barja-Fidalgo et al., 2011, Crespo, 2011; Domingues, 2013; AAPD,
2015/2016; Antoniazzi et al., 2015).

Os materiais obturadores utilizados na terapia pulpar de dentes deciduos devem
ser biocompativeis e apresentar propriedades fisico-quimicas desejaveis como: reabsorcao
compativel com a reabsor¢do fisiologica do dente deciduo, ndo ser téxico e ndo causar
maleficios ao peridpice e ao germe do dente permanente (Gambarini et al., 2003, Cunha et al.,
2005, Rewal et al., 2015). Deve também ser radiopaco em relacdo as estruturas adjacentes,
anti-séptico, apresentar bom escoamento, boa aderéncia as paredes do canal radicular, tornar o

ambiente hermético, ser facilmente inserido e removido, se necessario, ndo ser solivel em
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dgua, ndo causar alteracdo da cor dentdria, visando assim a eliminacdo da infec¢io, o aumento
da permeabilidade dentindria e a manutencdo da assepsia dos canais (Leal, 1998; Silva et al.,
2010; Gupta et al., 2011).

Ha no mercado diversos tipos de materiais obturadores de dentes deciduos, sendo
mais comumente utilizados os materiais a base de 6xido de zinco e eugenol (OZE), hidréxido
de calcio [Ca(OH);:] e iodoférmio. Materiais a base de OZE sao utilizados desde 1936, e
apesar de altas taxas de sucesso, estes materiais ndo sdo considerados biocompativeis, pois
causam reagdo inflamatéria nos tecidos periapicais e produzem reabsor¢do radicular lenta,
podendo assim lesar o dente sucessor permanente. Dessa forma, esses materiais vem sendo
substituidos por materiais a base de hidréxido de célcio (Mortazavi e Mesbahi, 2004; Cunha
et al., 2005; Trairatvorakul e Chunlasikaiwan, 2008; Barja-Fidalgo et al., 2011; Marin-Bauza
et al., 2012; Antoniazzi et al., 2015).

Os materiais a base de Ca(OH)> possuem a capacidade de se dissociarem em fons
hidroxila (OH") e célcio (Ca’*) (Athanassiadis et al., 2007; Ximenes et al., 2012). Os fons
hidroxila conferem um pH extremamente alcalino (aproximadamente 12,5-12,8), que além de
ser invidvel para a sobrevivéncia bacteriana, ainda causa um efeito benéfico ao inibir a acao
de células clasticas na superficie da raiz quando em situacdo de infeccdo e resposta
inflamatdria, criando assim um meio que favorece o reparo tecidual. Os fons (Ca**), quando
abundantes, participam da ativacdo da enzima cdlcio-dependente adenosina trifosfatase,
responsavel pelo processo de mineralizacdo, o que auxilia na reparacdo tecidual e na
estimulacdo da formacgdo Ossea periapical (Safavi e Nichols, 1994; Estrela et al., 1999;
Athanassiadis et al., 2007; Ximenes et al., 2012).

Os materiais a base de Ca(OH)2, em meio viscoso ou oleoso, apresentam baixa
solubilidade em 4gua, o que € uma caracteristica desejavel, uma vez que se necessita de um
longo tempo para ser dissolvido, e assim ndo causar danos quando em contato com os tecidos
apicais (Siqueira e Lopes, 1999; Pacios et al., 2003; Athanassiadis et al., 2007; Signoretti et
al., 2011; Gandolfi et al., 2012).

Apesar de suas boas propriedades citadas anteriormente, estes materiais sozinhos
apresentam propriedades desfavordveis, como baixas radiopacidade e alta permeabilidade
tecidual (Cunha et al., 2005; Faria et al., 2005; Queiroz et al., 2009; Silva et al., 2010). Dessa
forma, para se obter um melhor resultado, podem ser utilizadas associagdes desse material
com o iodoférmio e/ou 6xido de zinco e/ou clorexidina (Siqueira e Pacios et al., 2003; Silva et
al., 2010; Pramila et al., 2015). Compostos iodoformados possuem caracteristicas desejaveis

como a facilidade de inser¢ao, rdpida reabsorcdo quando extravasado, substitui¢do do tecido
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de granulacdo por tecido reparador e auséncia de efeitos desfavordveis nos dentes sucessores
(Cunha et al., 2005).

A clorexidina é uma bisguanida hidrofébica carregada positivamente e uma
molécula lipofilica, muito utilizada no tratamento endoddntico de dentes permanentes como
medicacdo intracanal ou solugdo irrigadora (Athanassiadis et al., 2007; Reddy et al., 2007).
Apresenta alta substantividade, o que significa que seu potencial de acdo permanece por
longos periodos do tempo (aproximadamente 12 semanas) no canal radicular. Em forma de
gel, a clorexidina, apresenta menor toxicidade aos tecidos periapicais, € como apresenta maior
viscosidade, também se mantém ativa em contato com as paredes do canal radicular e dos
tibulos dentindrios durante grandes periodos de tempo (Athanassiadis et al., 2007; Reddy et
al., 2007; Antoniazzi et al., 2015). Estudos comprovaram que a interacao da clorexidina com
Ca(OH)2 pode gerar oxigénio reativo, que causa efeitos nocivos a estruturas importantes de
microorganismos, como parede celular e membrana citoplasmética (Barbin et al., 2008;
Barbin et al., 2013).

A associagdo entre Ca(OH)z, clorexidina a 2% e 6xido de zinco (propor¢ao 2:1:2)
tem sido proposta em casos de traumatismos dentdrios, como medica¢do intracanal para
apicificacdo em dentes jovens tratados endodonticamente, porém com o dpice radicular ainda
em formacdo. Segundo de Jesus Soares et al. (2012), essa medicacdo apresenta excelente
capacidade antimicrobiana, alta capacidade remineralizadora, radiopacidade, baixo custo, e a
nao necessaria substituicdo periddica da medicacdo (de Jesus Soares et al., 2012). Assim,
pressupde-se que tal medicagdo poderia se tornar uma alternativa vidvel para obturacdo de
dentes deciduos, uma vez que essa medicacao, por ser indicada em casos de trauma, apresenta
caracteristica de reabsor¢do compativel com a fisioldgica dental.

Um material obturador considerado eficiente deve evitar possiveis complicacoes e
dores pds-operatdrias. Dessa maneira, os materiais obturadores, associados ou ndo, sdao
considerados desejaveis quando apresentam numero considerdvel de propriedades fisico-
quimicas, devendo ser selecionados com base em estudos e apds avaliacdo critica das
evidéncias apresentadas (Schmalz, 2006). Porém, materiais obturadores para dentes deciduos
ndo devem tomar presa, uma vez que necessitam ser reabsorvidos juntamente ao processo de
rizolise do dente tratado endodonticamente, e, por conseqiiéncia, também nao devem
apresentar alteracdes dimensionais, pois o preenchimento do canal radicular com o material
obturador ficaria comprometido, o que resultaria possivelmente em uma recontaminacao do

dente (Flores et al., 2011; AAPD, 2015/2016).
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Dentre as propriedades fisicas, a radiopacidade apresentada pelos materiais, € uma
caracteristica importante, uma vez que o profissional deve observar radiograficamente a
extensdo alcangada pelo material (Tagger e Katz, 2003; de Carvalho Jdnior, 2006). A
capacidade de escoar permite o preenchimento de toda a extensdo radicular com maior
facilidade. Sendo assim, materiais que apresentam um bom escoamento possuem a capacidade
de atingir as irregularidades dentindrias e possiveis canais secunddrios e acessorios, 0 que
diminui a possibilidade de formag¢do de bolhas e partes nao obturadas, impedindo
conseqiientemente a proliferacdo bacteriana e recontaminacdo dos canais radiculares (Baldi,
2009).

Quanto as propriedades quimicas, a solubilidade, deve ser baixa, uma vez que ndo
deve ocorrer liberacdo de substancias irritantes advindas do material obturador para os tecidos
adjacentes. A liberacdo de ions hidroxila é um fator importante, pois além de proporcionar um
ambiente favordvel ao reparo tecidual, ainda resulta na destruicio da maioria dos
microrganismos uma vez que a sobrevivéncia da maioria deles € invidvel em pH acima de 9,5
(Estrela et al., 1999; Athanassiadis et al., 2007; Crespo, 2011; Ximenes et al., 2012).

De maneira geral, os estudos citados anteriormente avaliaram as propriedades
fisico-quimicas de materiais frequentemente utilizados na obturacdo de dentes permanentes
(Heithersay, 1975; Estrela et al.,1999; Tagger e Katset, 2003; Amorim et al., 2006; Baldi,
2009; Flores et al.,, 2011). Esses materiais sao a base de OZE, policetona, resina epoxi,
iondmero de vidro e Ca(OH), e recentemente estdo sendo comercializados cimentos a base de
resina composta, fosfato de cdlcio e silicones (Schmalz, 2006). Observa-se a escassez de
estudos que tenham avaliado as propriedades fisico-quimicas de materiais obturadores
utilizados em dentes deciduos e a falta de estudos de materiais experimentais. Dessa forma,
considerando a importancia das propriedades fisico-quimicas dos materiais obturadores para
auxiliar no sucesso do tratamento endodontico em dentes deciduos e a caréncia de estudos
comparativos, tanto de materiais comumente utilizados na pratica odontolégica quanto de
materiais experimentais, este estudo foi conduzido. Assim, objetivo neste estudo foi comparar
as propriedades fisico-quimicas de materiais utilizados como curativos de demora e/ou

obturadores convencionais e associagdes destes.
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ABSTRACT

Aim: To evaluate the physicochemical properties [flow, solubility, radiopacity and release of
(OH") and (Ca®") ions] of intracanal medication materials, commercially available fillings
used for endodontic treatment in primary teeth and associations among them.

Methods: The study groups were: Calen®, Calen®+lodoform, Calen®+Zinc Oxide (ZnO),
Zinc Oxide eugenol (ZOE), UltraCal®X$, Vitapex®, Ca(OH), + 2% chlorhexidine digluconate
+ Zn0O and control (without filling material). For solubility, radiopacity and release of (OH")
and (Ca®") ions, a total of 168 bovine primary teeth were used. The teeth were prepared and
filled with the materials. The results were submitted to Shapiro-Wilk normality test. The flow,
solubility and radiopacity data were analyzed by ANOVA and Tukey’s test, followed by t-
test. The data on the release of OH™ and Ca®* ions were analyzed by two-way ANOVA and
Tukey’s test. All analyses were performed considering the significance level of 5%.

Results: Calen® had the highest values (21.8 mm) for flow (p<0.05). For solubility,
Calen®+ZnO (0.14 mm3), Ca(OH)+2%chlorhexidine digluconate+ZnO (0.54 mm3) and
Vitapex® (0.15 mm3) showed less material loss (p>0.05). Calen®+Iodoform showed the
highest results in the radiopacity test before (mean gray value=107.9) and after (mean gray
value=65.8) solubility (p>0.05). Calen® had the highest alkalinity values throughout all the
study period, followed by Calen®+ZnO,which showed no significant statistical difference
from Calen®for the first four times. Calen® had the highest release of (Ca>*) ions followed by
Calen® +ZnO and Calen® +Iodoform (p>0.05).

Conclusion: We can conclude that Calen®+ZnO showed the best results for the majority of

the properties evaluated.

Key-words: Deciduous tooth, Endodontics, physical and chemical properties, root canal
filling materials.
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INTRODUCTION

Pediatric Dentistry has as its main objective the maintenance of primary teeth in
functional conditions in the dental arch until the period of physiological exfoliation
(Antoniazzi et al., 2015). In cases of primary tooth pulp damage, the treatment options are
pulpotomy, pulpectomy and extraction (Kupietzky and Holan, 2003). According to the
American Academy of Pediatric Dentistry (AAPD) (2015/2016), pulpectomy is the removal
of all inflamed or necrotic pulp tissue, through debridement, enlargement and disinfecting of
root canals, followed by filling with resorbable material. The endodontic treatment of primary
teeth is complex since root canals can have physiological resorption and irregularities. Thus,
with the difficult to obtain a satisfactory mechanical debridement, the prognosis of the
treatment of pulp necrosis also depends on the material used for filling (Gupta and Das, 2011;
Antoniazzi et al., 2015).

Filling materials used in pulpectomy must be biocompatible and present desirable
physicochemical properties, such as: resorption compatible with the physiology of the
primary tooth, in addition to being non-toxic and not to causing harm to the periapex and the
permanent tooth germ (Gambarini et al., 2003; Rewal et al., 2014). They should also be
radiopaque and antiseptic, provide adequate flow and adhesion to the walls of the root canal,
provide a hermetic environment, be easy to be inserted and removed, be soluble in water and
cause no color change in dental crown, in addition to not being able to shrink (Silva et al.,
2006; Gupta and Das, 2011). These materials, whether associated or not with other
substances, are considered desirable when they present a considerable number of adequate
physicochemical properties, and must be selected based on studies and after critical evaluation
of existing scientific evidences.

Considering the importance of the filling materials, some commercially options
are available for primary teeth. The most commonly used ones are based on Zinc Oxide
(ZnO) and Eugenol, calcium hydroxide [Ca(OH):] and Iodoform (Mortazavi and Mesbahi,
2004; Trairatvorakul and Chunlasikaiwan, 2008; Barja-Fidalgo et al., 2011; Marin-Bauza et
al., 2012; AAPD, 2015/2016; Antoniazzi et al., 2015).

Considering the good properties shown by Ca(OH), 2% chlorhexidine
digluconate and Zinc Oxide (ZnO), an experimental material composed of the association
between them (2:1:2 proportion) has been proposed in cases of dental trauma, as a dressing to
induce apexification in young endodontically treated teeth, but where the root apex is still

forming. This medication has excellent antimicrobial activity, easy insertion, high
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remineralizing capacity, proper radiopacity, low cost and no need for periodic replacement
(de Jesus Soares et al., 2012). Thus, it is assumed that such therapy could become a viable
alternative for filling material for primary teeth, as it has been indicated in cases of dental
trauma and it also has characteristics compatible with physiological resorption.

There is a lack of studies that have evaluated the physicochemical properties of
filling materials used in primary teeth and few studies on experimental materials. Thus,
considering the importance of the physicochemical properties of filling materials for the
success of endodontic treatment of primary teeth and the lack of comparative studies, even for
materials frequently used in the dental practice and new experimental materials, the aim of
this study was to compare the physical and chemical properties of intracanal medication

materials, conventional fillings and associations among them.

MATERIALS AND METHODS
Experimental design

The factors in study were the filling materials, as follows: Calen® Calen®
associated with Iodoform (1:1), Calen® associated with ZnO (1:1), ZOE (3:1), UltraCal®X8,
Vitapex®, and Ca(OH), with 2% chlorhexidine digluconate associated and ZnO (2:1:2) (Table
1), and the time for the tests of solubility, radiopacity and release of hydroxyl and calcium
ions. The response variables were: horizontal flow (in mm), solubility (in mm3), radiopacity
(mm of Aluminum) and release of hydroxyl (OH") (pH) and calcium (Ca*") (ug/ml) ions.

For the analysis of solubility, radiopacity and release of OH™ and Ca*" ions, we
used bovine primary teeth. For this end, the calculation of the number of samples was
conducted from the results of a previous pilot study used as parameters. The statistical
Program Bioestat 5.3 (Para, Brazil) was used for calculation, taking into account the power of
the test of 0.85 and p < 0.05. We determined that an n=5 should be used for the solubility and

radiopacity tests and n=8 for the test of release of OH~ and Ca** ions.
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Table 1. Materials, composition and respective manufacturers and batch numbers used in the

study.
Manufacturer
Composition
Materials Batch number
50% of calcium hydroxide, 10% zinc oxide,
S.S.White
Calen® 1% of rosin and 39% of polyethylene glycol
#0080713
400
Biodinamica
Iodoform 99 to 100.5% of iodoform P.A
#59813
99 to 100.5% of zinc oxide and 99 to 100.5%  Biodinamica
Zinc Oxide Eugenol
of eugenol #38513/48013
35% calcium hydroxide, 20% barium sulfate UltraDent
UltraCal® XS _ .
in aqueous solution #B7WS8P
40.4% of 1odoform, 30% of calcium
Neo Dental
Vitapex® hydroxide, 22.4% silicone oil and 6.9% of
#A5D1

2% Chlorhexidine

Digluconate

Calcium Hydroxide

inert substances

2% chlorhexidine digluconate

99% to 100.5% of calcium hydroxide

Essencial Pharma

#1009364

Biodinamica

#114113
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Horizontal flow test

The materials studied were transferred to plastic insulin syringes (1 ml). The
associated materials were inserted in the syringe after 3 minutes of handling. The amount of
0.05 ml of each material was placed individually in the center of a glass plate measuring 40 x
40 x 5 mm and weighing 20 + 2 g. Then, a new glass plate identical to the previous one was
placed over the material, and a 100 g weight was added on top of the plates. After 7 min, the
average of the largest and the smallest diameters of the discs formed by the flow of materials
were measured using a digital caliper (Mitutoyo, Suzano, Sdo Paulo, Brazil). The test was
performed in triplicate and, if the largest and smallest diameters formed by the materials
presented a difference greater than Imm, the test was performed again. We found the average
of the values obtained for each filling material. The analysis was performed adapting the

standards of ISO 6876:2001 (Camps et al., 2004).

Solubility, radiopacity, release of OH- and Ca>*ions

Selection and preparation of the primary teeth

For solubility, radiopacity and the release of OH™ and Ca®* ions, 168 extracted
primary bovine teeth were selected. All teeth were examined macroscopically and
radiographically and those which did not present root resorption and obliteration were
included. The absence of root obliteration was verified visually and radiographically using
endodontic Flexofile#10 (Maillefer®, Tulsa, Oklahoma, USA). Radiographic examination was
conducted in groups of three teeth, placed on a periapical film (Ultra Speed - Kodak®),
horizontally, and properly identified.

To standardize the size of the teeth, they were cut lengthwise into 22 mm in the
cervical margin of the teeth. This measure was done with an endodontic ruler and confirmed
with a digital caliper (Mitutoyo, Santo Amaro, Sdo Paulo, Brazil). The selected roots were

randomly allocated in the study groups taking into consideration the width of the root canal.

Chemical-mechanical preparation of the root canals

The chemical-mechanical preparation was performed by the same operator, with
1% series files (#15 to #40) (Maillefer, Tulsa, Oklahoma, USA) and 0.5% sodium hypochlorite
(NaOCl) (Biodinamica, Ibipora, Parand, Brazil) + Endo®- PTC (Biodinimica, Ibipora, Parana,
Brazil). The chemical-mechanical preparation was carried out with circumferential
movements and 2.5ml of 0.5% NaOCl were used for irrigation among files. The

standardization of the opening of the apical foramen was made with Kerr file #40, regardless
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of the diameter of the root canal observed radiographically. The teeth received a final
irrigation (5 mL) with 0.89% saline solution (Eurofarma, Ribeirdo Preto, Sao Paulo, Brazil),
and the root canals were dried with absorbent paper cone and coated with acid resistant

varnish (Risqué, Barueri, Sdo Paulo, Brazil), except for the apical region.

Root canal filling

After chemical-mechanical preparation, the teeth were divided into eight groups
according to the experimental design (filling materials) and negative control group (without
filling material). The materials were inserted into the root canals with endodontic file #20
(Maillefer, Tulsa, Oklahoma, USA). Materials such as UltraCal®X$ and Vitapex®, which had
syringes provided by the manufacturer, were inserted with their own syringes. The vertical
compression was carried out with cotton balls. The canal was considered filled when the
material had exceeded the foramen limit. The full completion was verified radiographically.
After confirming the proper sealing of the roots, a resin composite restoration was made to
seal the root canals at the cervical region using a 37% phosphoric acid gel (Scotchbond™ -
3M ESPE, Saint Paul, Minnesota, USA), for 15 s for acid conditioning, and dried with a
cotton ball, then 2 layers of dental adhesive Single Bond (3M ESPE, Saint Paul, Minnesota,
USA) were applied and photoactivated for 10 seconds and a restoration with Z250 XT - 3M
ESPE resin (Saint Paul, Minnesota, USA) was done and photoactivated for 20 s. The adhesive

procedures were performed according to the manufacturer's recommendations.

Solubility test

The analysis of solubility was performed by measuring the volume of filling
material in the root canals using Micro-Computed Tomography (Micro-CT). The specimens
used for this analysis were the same as those used for the radiopacity test. The specimens
were scanned twice, before and after immersion in water. After initial measurement, the roots
were plugged individually by the upper portion with orthodontic wire (0.8 mm thick and 5 cm
long) and immersed individually in falcon tubes containing 15 ml of water and stored at 37°C
for five days. After this time, the specimens were dried using absorbent paper and scanned
again using the Micro-CT. Thus, the calculation of solubility was performed by subtracting
the volume obtained in the first image from the second one after immersion. The specimens
were scanned using the Micro-CT device (SkyScan 1178; Bruker; Billerica, Massachusetts,
USA). The images were acquired using the following parameters: 65 kV, 615 pA, 8.46 um

pixel size, 1.1° rotation step and a matrix size of 1280x1024 pixels. The raw data was
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processed by reconstruction software (NReconv1.6.4.8, SkyScan) and the CTan software
(CTanv1.11.10.0, SkyScan) was used to perform the analysis and obtain the volume
measurements in mm3. Using the CTan software, the vertical volume of interest (VOI) was
delimited for each sample, beginning in the cervical portion of the root (first slice that showed
the material) and ending in the apex (last slice that showed the material). Then, we did the
segmentation of the material; it consisted of choosing the grey values of the threshold that
corresponded to the material or object of interest. These values were recorded to be used later
in the second scan of the same tooth after solubilization. We could obtain a quantitative
analysis of the volume of the material through the 3D plug-in analysis. This tool promotes an
automated calculation of the total volume (mm?3) from the three-dimensional (3D) image of
the binary objects selected (white color). These data were reported in a list of results after

running the function of 3D analysis (Figure 2) (Cavenago et al., 2014).

Radiopacity test

The radiographic images were obtained by Focus™

periapical machine
(Instrumentarium Imaging, Tuusula, Finland) with 70 kVp and 8 mA, the Snapshot digital
sensor system of 37 x 24 mm (Instrumentarium Imaging, Tuusula, Finland) and the CliniView
software (Instrumentarium Imaging, Tuusula, Finland). The focus-object distance was 30cm
and the exposure time was 0.063 s. For this, each tooth was positioned on the sensor and the
radiographs were taken with an orthoradial incidence; an aluminum (Al) step-wedge with six
S5-mm incremental steps was attached to the sensor as reference for pixel intensity
measurements The 4" step (x141.560) was used as reference of radiopacity (radiopacity
equivalent to dentin) (Figure 2). Once the images have been obtained, they were exported in a
TIFF format for the gray values/pixel intensity were quantified in the software Image J 1.49
(University of Wisconsin-Madison, USA). A region of interest (ROI) of 8.48 x 8.48mm was
used to measure the mean gray value in the center of the 4" step and in 3 regions of the filling
material (coronal, middle and apical). The analysis of radiopacity was done subtracting the
mean gray values of the 3 regions of the material from the value obtained in the 4" step’s.
Then, positive values will signify that the material is more radiopaque than the dentin while
negative results will indicate that the material is less radiopaque than the dentin. To check the
possible change of radiopacity after solubilization, the images and their evaluations were

made twice, before and after the solubility test, where the same samples were used.
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Release of Hydroxyl (OH") lons

To analyze the release of OH ions, the roots were plugged individually by the
upper portion with orthodontic wire (0.8 mm thick and 5 cm long) and suspended in falcon
tubes. They were immersed in 15ml of water and maintained at 37°C for 1 h, 1, 2, 3, 5, 7, 15
and 30 days. The measures were done in triplicate using a precision pHmeter (Orion 3 Star pH
Benchtop, Thermo Electron Corporation, Waltham, Massachusetts, USA). The suspended
specimens were removed and the tubes were placed in a shaker (Phoenix AP 56, Araraquara,
Sdo Paulo, Brazil) for 5 s before measuring. The temperature of the room during
measurements was 25°C.

In each time of analysis, the electrode was calibrated with buffer solutions with
pH values of 4.0 and 7.0. Between each reading, the electrode was washed with water and

dried with paper towels. The analysis was carried out after 1 h, 1, 2, 3, 5, 7, 15 and 30 days.

Release of Calcium (Ca**) Ions

To analyze the release of Ca®* ions, the roots were plugged individually by the
upper portion with orthodontic wire (0.8 mm thick and 5 cm long) and suspended in falcon
tubes. They were immersed in Sml of deionized water and maintained at 37°C for 1h, 1, 2, 3,
5,7, 15 and 30 days.

The determination of the concentration of Ca’* ions was performed in a 96-well
plate using spectrophotometer (Thermo Scientific Multiskan® Spectrum, Waltham,
Massachusetts, USA), with a wavelength of 650 nm. The suspended specimens were removed
and the tubes were placed in a shaker (Phoenix AP 56, Araraquara, Sdo Paulo, Brazil) for 5 s
before measuring. The temperature of the room during measurement was 25C. A 3uL aliquot
was removed from the sample and 300uL of the Liquiform calcium solution (Labtest
Diagnostic, Sdo Paulo, Brazil) was added, which promoted color change in the solution and
consequently allowed its reading. The same amount (3ul) of a standard solution and
deionized water (blank) in 300uL of the Liquiform calcium solution (Labtest Diagnostic, Sao

Paulo, Brazil) was used as calibration for the test. The test was performed in duplicate.

Statistical analysis

The results were submitted to Shapiro-Wilk normality test and appropriate
statistical tests were applied. The analysis of horizontal flow was performed by one-way
ANOVA and Tukey’s test. The solubility and radiopacity tests were performed by one-way
ANOVA, Tukey’s test followed by paired t-test. The release of OH™ and Ca®** ions was
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performed by two-way ANOVA and Tukey’s test. All analyses were performed considering

the significance level of 5% using the Bioestat 5.3 software (Bioestat, Para, Brazil)

RESULTS
Concerning to the results of horizontal flow, we can observe that all filling
materials showed significant differences between each other, but only Calen® (21.8 mm) is in

accordance with the ISO standards (20 mm). The lowest results were observed for Calen® +

Zn0 (6.7 mm) (Figure 1) (p<0.05).
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Different uppercase letters represent statistically difference among filling materials by Tukey test (p<0.05).

Figure 1. Horizontal flow values (in mm) of the filling materials studied.
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Regarding to the results of the solubility, Table 2 shows the amount (in mm3) of
the filling materials inside the root canals before and after solubilization. There was no
significant difference among the materials both before and after solubilization (p=0.1207).
Calen®+ZnO, Ca(OH)2+2% chlorhexidine digluconate+ZnO and Vitapex® showed no
difference after 5 days of solubilization. UltraCal® XS, ZOE and Calen®+Iodoform showed
significant difference in the amount of material before and after solubilization, being
UltraCal® XS the one that had the most material loss after solubilization (1.8 mm3)
(p=0.0246).1t was not possible to quantify the amount of material present in the root canals
filled with Calen®, as the density of the material is very close to the density of dentin.
Therefore, any attempt at quantification would result in an unrealistic value (Cavenago et al.,

2014).

Table 2. Solubilization values (in mm?3) before and after immersion for the filling materials

studied.

MATERIALS BEFORE AFTER
Calen® * *
Calen®+Iodoform 26.3+£10.9%4 25.54+11.9%
Calen®+Zinc Oxide 15.543.5%4 15.4+3.82A
Zinc Oxide Eugenol 18.1+6.0*A 17.0+6.4 8
UltraCal® XS 14.443.8 A 12.6+5.6%8
Vitapex® 21.5+4.924 20.4+5.0%4
Ca(OH):+2% Chlorhexidine digluconate+ Zinc Oxide ~ 20.6£6.9*4 20.0+7.7A

Ca(OH)2 = Calcium hydroxide
* No measurement was possible
Equal lowercase letters in column represent no statistical difference by Tukey test (p<0.05)

Equal uppercase letters in lines represent no statistical difference by t test (p<0.05)
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Not measured by
material shortage

Figure 2. Digital radiographic images obtained after the filling of the teeth with the materials

studied and axial reconstructions obtained by Micro-CT.

The white arrows indicate the presence of filling materials.
Letters “A” represent the images obtained before solubilization.

Letters “B” represent the images obtained after solubilization.

Table 3 shows the relative radiopacity (mean gray values), before and after
solubilization. The Calen®+lodoform showed the highest values before (107.9) and after
solubilization (65.8) (p=0.0877) followed by Vitapex® (48.3) before and (28.6) after
solubilization (p=0.0122). In contrast, Calen®+lodoform showed the greatest decrease in
radipacity after solubilization (42.1), but in the end it remained with the highest radiopacity
values. The lowest results were found in the control group (-47.8) before and after
solubilization and in the Calen® group (-22.9) before and after solubilization (-18.8)
(p=0.0819). The UltraCal®XS showed less decrease after solubility (5.7), however it still
showed negative radiopacity values (p=0.0217). The Calen® was the only material that

showed an increase of the values (4.1).
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Table 3. Relative mean gray values of filling material before and after solubilization.

MATERIALS BEFORE AFTER
Calen® -22.946.4% -18.8+6.294
Calen®+Iodoform 107.94£27.8%4 65.8+15.2%4
Calen®+Zinc Oxide 17.743.3A -1.1+3.7°B
Zinc Oxide Eugenol 14.0£5.3%4 5.5£5.9°B
UltraCal®XS -1.045.6¢44 -6.8+8.0°¢B
Vitapex® 48.3+4.4°A 28.6+2.3"8
Ca(OH):42% Chlorhexidine digluconate+ Zinc Oxide -9.24+13.4%% -17.149.0%8
Control -47.843.7%A -47.843.7%A

Ca(OH)2 = Calcium hydroxide
Equal lowercase letters in column represent no significant difference by Tukey test (p>0.05)

Equal uppercase letters in lines represent no significant difference by t test (p>0.05)

The pH values for all immersion times are shown in Figure 3. All groups have

shown increased pH (alkaline) after 1 h, except for ZOE (7.3) and the control group (6.5). The

Calen® presented the highest value during the 1% h (10.3) and remained the highest during all

periods of study. The control group obtained the lowest values from the 1% h up to the last

hour (4.7). Most of the time, Calen®+ZnO did not show statistical difference from Calen®.

The values of UltraCal®XS basically showed no significant statistical difference from

Calen®+Iodoform. Over the month, all materials gradually decreased their rate of release of

OH (p<0.05).
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Figure 3: Release of hydroxyl ions measured in pH scale of the filling materials according to the times studied.

Equal lowercase letters represent no significant difference among the studied filling materials by Tukey test (p>0.05)

Equal uppercase letters represent no significant difference among studied times by Tukey test (p>0.05)
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Concerning to the release of Ca?* ions, there was no interaction between the
studied factors (filling materials x time), but a difference was observed for materials and time
(p<0.01). Figure 4 shows the averages of release of Ca’" ions according to the filling
materials and times studied. The Calen® presented the highest values (46.4 ug/mL), followed
by Calen®+ZnO (24.1 pg/mL) and Calen®+lodoform (23.1 ug/mL), with no statistical
difference between each other. Control group (1.2 ug/mL) and ZOE (2.8 pg/mL) showed the
lowest values with no significant difference between each other. Regarding the periods of
evaluation, the 3" (15.2 ug/mL), 5® (19.2 ug/mL), 7" (18.0 ug/mL), 15™ (22.5 pg/mL) and
30" day (22.9 ug/mL) did not show statistical difference among each other. The time that had
a lower release of Ca** was the 1* h (6.0 pg/mL). The Calen®+ZnO and Calen®+Iodoform
showed a similar release behavior. The Ca(OH)+2% chlorhexidine digluconate+ZnO (8.8
pg/mL) and Vitapex® (8.6 pg/mL) also showed a similar release behavior with no significant
statistical difference from UltraCal®XS (11.8 pg/mL), ZOE and control group (p<0.05)
(Figure 4).
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Table 4 shows the overall results considering the physicochemical properties evaluated in this study. We can observe that two filling

materials showed the most desirable features: Calen® and Calen®+ZnO.

Table 4. Overall results considering the physicochemical properties evaluated in this study

MATERIALS
Ca(OH)2+ 2%
PHYSICOCHEMICAL
Calen® + Calen®+Zinc Zinc Oxide chlorhexidine
PROPERTIES Calen® UltraCal® XS Vitapex®
Iodoform Oxide Eugenol digluconate +
Zn0O
Horizontal Flow X
Solubility * X X X
Radiopacity X
Release of Hydroxyl
y y X X
ions (pH)
Release of Calcium ions X X X

X represents the filling material that stood out in a particular test

* No measured was possible
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DISCUSSION

Considering the importance and the knowledge about filling materials available
for primary teeth, this study was designed to compare commercial filling materials, the
associations between them and an experimental one. The results of this study have shown that
all materials presented horizontal flow capacity, but only Calen® (21.8 mm) is in accordance
according to ISO standards (6876/200119), which recommend a flow requirement of no less
than 20 mm.

The Calen® also exceeded in the evaluation of the pH and in the release of Ca>*
ions. The association of Calen® with ZnO, for the times 1 h, 1, 2, 3 days, did not show
statistical difference from Calen® in the test of release of OH™ ions. This corroborates a
previous study which has demonstrated that Ca(OH)> materials have higher pH when
associated with ZnO (Guerreiro-Tanomaru et al., 2013). In relation to the release of Ca”* ions,
Calen®+ZnO and Calen®-+lodoform were the second associations to release more Ca®* ions
with no difference between each other. The Calen® with Iodoform presented the same
behavior of release of ions as Calen®+ZnO and was the third material to release more OH-
ions during the times studied. This could be explained by the presence of its vehicle
(polyethylene glycol 400) that have high molecular weight (375), hygroscopic nature and
viscosity; thereby, it can maintain the release of ions and provide high levels of pH and
release of Ca** ions for at least seven days (Ximenes and Cardoso, 2012; Shetty et al., 2014).

The control and ZOE groups presented the lowest values of pH and release of
Ca** ions, and none of these groups had Ca(OH); to dissociated into OH™ and Ca** ions, what
explains the lowest pH demonstrated by these groups. The release of Ca?* showed by the
control group in 5 and 15 days can be explained by the demineralization of the teeth (Ximenes
and Cardoso, 2012).

The Ca(OH). based-materials have the ability to dissociate into OH™ ions and
calcium Ca?* (Athanassiadis et al., 2007; Ximenes and Cardoso, 2012.). The OH" ions provide
an extremely alkaline pH (approximately 12.5 to 12.8), which, besides of being impractical
for bacterial survival, still causes a beneficial effect by inhibiting the action of clastic cells on
the root surface and it also creates an environment that promotes tissue repair. The Ca(OH)2
based-materials, in viscous and oily media, have low solubility in water, which is a desirable
feature, since it means a longer time to be dissolved, and thus they do not cause damage when
in contact with apical tissues (Pacios et al., 2003; Athanassiadis et al., 2007; Signoretti et al,

2011; Gandolfi et al, 2012). Besides the previously mentioned good properties of Ca(OH)a,


http://www.ncbi.nlm.nih.gov/pubmed/?term=Guerreiro-Tanomaru%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=25335366
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this material has unfavorable properties, such as low radiopacity and high tissue permeability
(Faria et al., 2005; Queiroz et al., 2009; Silva et al., 2010).

The Calen®+lodoform showed the highest values of radiopacity (107.9),
followed by Vitapex® (48.3), because of the presence of Iodoform, whereas Calen® by itself
showed one of the lowest results (-22.9). This results is in accordance with a recent study that
has evaluated the radiopacity of Ca(OH): based-materials in the presence of radiopacifiers:
Iodoform, Zinc Oxide and Barium Sulfate (BaSOj4). It was demonstrated that all radiopacifiers
increased the radiopacity of Ca(OH)2, but the Iodoform was the most effective one (Ordinola-
Zapata et al., 2015). The Calen® was the only group that presented increased radiopacity after
solubilization; which can be explained by the fact that, perhaps, the vehicle in its constitution
may be solubilized, thus leaving only Ca(OH); and ZnO inside the root canal and intensifying
radiopacity.

Is it known that the solubility of any material depends on the solubility parameters
of its components, their consistency, viscosity, and consequently the ratio used in associations
(Estrela et al., 1995, Camps et al., 2004). In this study, solubilization was performed by
quantifying the presence of the filling materials inside the root canal before and after five days
of immersion. The Calen®+ZnO showed the less loss of material (0.32 mm3) followed by
ZOE (0.49 mm?3). This is explained by the low solubility of ZnO that has been demonstrated
in previous studies (Camps et al., 2004, Mortazavi and Mesbahi, 2004; Trairatvorakul and
Chunlasikaiwan, 2008; Barja-Fidalgo et al., 2011; Marin-Bauza et al., 2012; Antoniazzi et al.,
2015). Furthermore, the hygroscopic nature of polyethylene glycol 400, present in the
association of Calen®+ZnO, provides a lower absorption of water and consequently requests
more time for solubilization (Simon et al., 1995). Moreover, this material combined with ZnO
becomes an even more substantial material and less liable to solubility. The UltraCal®XS was
the filling material that showed the greatest loss of material (1.7 mm?3), which can be
explained by the presence of Barium Sulfate in its composition which, when combined with
calcium hydroxide Ca(OH). in aqueous vehicle, forms a fluid material with low surface
tension (Orucoglu and Cobankara, 2008). This aqueous vehicle may, also, favor material
dispersion (Simon et al., 1995).

Comparing the results for the tests of radiopacity, solubility and release of OH"
and Ca®* ions, apparently there is no relationship between the loss of material via foramen
with an increase in the levels of pH and release of calcium ions and a decrease in radiopacity.

Perhaps the release of OH and Ca®* ions and radiopacifier agents did not occur during the
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solubility stage evaluated in this study (5 days), but a release of other components, such as the
vehicles, can occur (Weckwerth et al., 2012).

Thus, keeping in mind that all results should be considered as performed in
experimental conditions, using bovine primary teeth and facing natural limitations when
compared to in vitro and in vivo studies, the intent of this study was to help to choose and to
establish an ideal material to be used in a Pediatric Dentistry clinic, based on the evaluation of
physicochemical properties. Making an overall assessment of the results, we can observe that
two filling materials showed the most desirable features: Calen® and Calen®+ZnO. The
Calen® stood out for the tests of horizontal flow, hydroxyl ions and release of calcium ions.
The Calen®+ZnO stood out for solubility, release of hydroxyl ions and release of calcium
ions. On the other hand, Calen® alone showed one of the lowest radiopacity results and
Calen®+ZnO showed one of the lowest results for horizontal flow. Furthermore, Calen®+ZnO
presented a positive radiopacity value (greater than dentin). Radiopacity is an indispensable
feature as we can see all the extension covered by the filling material and the presence of
flaws and voids. Horizontal flow is also important, but when we are able to see
radiographically the defects that may be present, another filling can be performed and the
defect could be corrected.

More importantly, a material that shows low loss of material via apical foramen,
as Calen®+ZnO, is indispensable, as there are less chances of harming the permanent
successor and the periapical tissues.

Other properties such as biocompatibility and antimicrobial activity should be
considered to make sure that Calen®+ZnO can be elected as the material of choice in a dental
clinic. Queiroz et al. (2009) have shown great results for Calen®+ZnO regarding antimicrobial
activity against K. rhizophila, E. faecalis, S. mutans, E. coli and S. aureus, just not presenting
better results than ZOE. In another study, Queiroz et al. (2011) have studied tissue
compatibility by implanting a polyethylene tube on the dorsal region of mice filled with one
of the materials tested: Calen®+Zn0O, ZOE and Sealapex® paste. The inflammatory infiltrate,
the area and the thickness of the reactionary tissue produced by Calen®+ZnO decreased with
time, presenting the best tissue response than the other materials studied. Thus, it could be
suggested that the use of Calen®+ZnO, despite some unsatisfying results found in this study,

can be considered as a material of choice for use in pulpectomies in Pediatric Dentistry.
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CONCLUSION
Based on the conditions of this in vitro study, we can conclude that the material
that showed the highest amount of desirable physicochemical properties for filling materials

for primary teeth was Calen®+ZnO.
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CONCLUSAO

De acordo com os resultados obtidos, pode-se concluir que considerando as
propriedades fisico-quimicas estudadas, o material obturador que apresentou a maior
quantidade de propriedades desejdveis para materiais obturadores de dentes deciduos foi a

pasta Calen® associada ao 6xido de zinco.
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APENDICE 1: Fi guras ilustrativas com a descri¢ao da metodologia empregada no estudo

Figura 1. Esquema delineamento experimental do estudo

168 dentes
deciduos bovinos

Grupo 1: Grupo 2: Grugo 3: ) Grupo 4: Grupo 5: Groupo 6: Grupo 7: Grupo 8:
Calen®+Oxido de Oxido de Zinco e ACal® Clorexidina+

UltraCal® XS Zn0+Ca(OH)
(21 dentes) (21 dentes) (21 dentes) (21 dentes)

Calen® Calen® +lodoférmio Vitapex® Controle

(21 dentes) (21 dentes)

Zinco Eugenol
(21 dentes 21 dentes

——

Solubilidade/Radiopacidade (n=5)

Liberacao de ions OH™ (n=8)

Liberacdo de fons Ca** (n=8)
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Figura 2: Ilustragdao dos materiais obturadores selecionados para o estudo

A- Calen®
B- Calen® + Todof6rmio
C- Calen® + Oxido de Zinco

D- Oxido de Zinco e Eugenol

E-  UltraCal®XS

F-  Vitapex®

G- Hidréxido de Cilcio + Digluconato de Clorexidina a 2% + Oxido de Zinco

H- Controle (sem material obturador)
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Figuras 3. Ilustacdo do preparo dos espécimes

A- Dentes deciduos bovinos selecionados

B- Corte das coroas

C- Raizes com as coroas retiradas

D- Padronizagdo das raizes em 22 mm utilizando paquimetro digital

E- Radiografias iniciais para averiguar se 0os canais apresentavam curvaturas, obliteracdes

e atresias
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Figura 4. Ilustacdo do preparo quimico-mecanico dos espécimes

A- Debridamento e alargamento radicular com limas Flexo File #15 4 #40 e Endo®-PTC
B- Irrigacdo com Liquido de Dakin (Solucdo de Hipoclorito de Sédio 0,5%)

C- Secagem dos condutos com cones de papel absorventes

D- Impermeabilizacio das raized com verniz dcido resistente

E- Radiografia final

27 ol
g
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Figura 5. Ilustacdo do selamento ter¢o corondrio dos espécimes

A- Restauracdo no tergo cervical. Primeiramente foi realizado o condicionamento do
esmalte e dentina com &cido fosférico 37% (Scotchbond™ - 3M ESPE, Saint Paul,
Minnesota, EUA) durante 15 segundos, em seguida, as raizes foram secas com penso de
algoddo (secagem por capilaridade), logo apés foram feitas 2 camadas de sistema adesivo
Single Bond (3M ESPE, Saint Paul, Minnesota, EUA) e fotoativado durante 10 segundos e
por fim a restauracdo com resina composta Z250 XT - 3M ESPE (Saint Paul, Minnesota,
EUA). Todos os procedimentos foram feitos de acordo com as recomendacgdes dos
fabricantes.

B- Fotoativacao durante 20 segundos

~




Figura 6. Ilustracao do teste do escoamento horizontal

A- Proporgao utilizada dos materiais obturadores manipulados
B- Seringa tipo insulina (1ml)

C- Aplicagao do material no centro da placa de vidro

D- Colocagdo de uma segunda placa de vidro sobre o material

E- Colocagdo do peso de 100g
F- Diametro formado

G- Mensuracao com paquimetro digital (Mitutoyo, Suzano, Sao Paulo, Brasil)
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Figura 7. llustracdo do teste de solubilidade

A- Aparelho de Micro-Tomografia Computadorizada (SkyScan 1178; Bruker; Billerica,
Massachusetts, EUA)

B- Software proprio do Micro-CT (SkyScan 1178; Bruker; Billerica, Massachusetts,
EUA)

C- Software CTan (CTanv1.11.10.0, SkyScan)
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Figura 8. Ilustracdo do teste da radiopacidade

A- Aparelho de raio-X Focus® (Instrumentarium Imaging, Tuusula, Finlandia)
B- Distancia focal de 30 cm
C- Posicionamento da escala de aluminio e do dente no sensor digital (Instrumentarium

Imaging, Tuusula, Finlandia)

D- Exemplificacdo do Software Image J 1.49
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Figura 9. Ilustracdo do teste de liberagdo de fons hidroxila

A- pHmétro digital (Orion 3 Star pH Benchtop, Thermo Electron Corporation, Waltham,
Massachusetts, USA)

B- Tubo falcon contendo o 15 ml de 4gua destilada e o dente em suspensdo

C- Calibragao do eletrodo com padrdes de pH 7,0 e 4,0

D- Mensuracao do pH da amostra
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Figura 10. Ilustracdo do teste de liberagcao de ions calcio

A- Espectofotometro (Thermo Scientific Multiskan® Spectrum, Waltham, Massachusetts,
EUA)

B- Kit Arsenazo Liquiform (Labtest Diagnostic, Sdo Paulo, Brasil)

C- Tubo falcon contendo 15 ml de dgua destilada e o dente em suspensio

D- Preenchimento da placa de 96 pocos com Arsenazo Liquiform (Labtest Diagnostic,

Sao Paulo, Brasil) de acordo com quantidade de amostras por leitura
E- Padrao de célcio (Labtest Diagnostic, Sao Paulo, Brasil)
F- Colocagdo no primeiro pogo do blank (Agua Mili-Q), no segundo o padrio de cilcio

Labtest Diagnostic, Sao Paulo, Brasil) e a partir do terceiro as amostras em duplicata
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