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RESUMO

Este estudo avaliou a influéncia da agitacdo ultrassonica por dez e vinte segundos nas
propriedades fisico-quimicas dos cimentos Bio-C Sealer, BioRoot e Sealer Plus BC. Foram
formados trés grupos experimentais: sem agitacdo (NA), com agitacdo ultrassonica por 10
segundos e com agitacdo ultrassonica por 20 segundos. Os cimentos foram manipulados de
acordo com as instrucdes dos fabricantes e inseridos em uma seringa de 3 mL adaptada para
receber 1 mL a fim de realizar a agitacdo ultrassdnica com inserto ultrassonico 20/.01. Os
moldes para as analises fisico-quimicas foram preenchidos e foram realizados os testes de
tempo de presa inicial e final, escoamento, radiopacidade e solubilidade, avaliados de acordo
com a especificagdo ANSI/ADA n°. 57. Também foram realizados testes para avalia¢do de pH
e liberacdo de ions célcio com periodos experimentais de 1, 24, 72 e 168 horas com pHmetro e
espectrofotdbmetro colorimétrico, respectivamente. Os dados foram analisados por analise de
variancia, testes Student-T e Tukey. O tempo de agitacdo ultrassdnica aumentou
progressivamente o tempo de presa inicial para todos os cimentos bioceramicos. Vinte segundos
de agitacdo ultrassénica aumentaram os valores médios de escoamento para Sealer Plus BC,
Bio-C Sealer em comparacdo com nenhuma ativacdo. A agitacdo ultrassénica nao influenciou
a radiopacidade e solubilidade dos cimentos testados. Agitacdo ultrassdnica por 20 segundos
aumentou o pH do Sealer Plus BC e Bio-C Sealer em 168h e aumentou a liberagdo de ions
calcio para Sealer Plus BC e Bio-C Sealer em 168h. Podemos concluir que a agitacdo
ultrassénica por vinte segundos interfere em algumas propriedades fisico-quimicas dos

cimentos a base de silicato de célcio.

Palavras-chave: cimento biocerdmico, cimento endoddtinco, cimento a base de silicato

de calcio, ultrassom, propriedades fisico quimicas.



ABSTRACT

This study evaluated the influence of ultrasonic agitation for ten and twenty seconds on
the physicochemical properties of Bio-C Sealer, BioRoot and Sealer Plus BC sealers. Three
experimental groups were formed: without agitation (NA), ultrasonic agitation for 10 seconds
(UA10S) and ultrasonic agitation for 20 seconds (UA20S). The sealers were manipulated
according to the manufacturers instructions and inserted into a 3 mL syringe adapted to receive
1 mL in order to perform the ultrasonic agitation with an ultrasonic insert 20/.01. The molds for
the physicochemical analyzes were filled and the tests of initial and final setting time, flow,
radiopacity and solubility were performed, evaluated according to ANSI/ADA specification n°.
57. Tests were also performed to evaluate pH and calcium ion release with experimental periods
of 1, 24, 72 and 168 hours with pHmeter and colorimetric spectrophotometer, respectively. Data
were analyzed by analysis of variance, Student-T and Tukey tests. The ultrasonic agitation time
progressively increased the initial setting time for all bioceramic sealers. Twenty seconds of
ultrasonic agitation increased mean flow values for Sealer Plus BC and Bio-C Sealer compared
to no activation. Ultrasonic agitation did not influence the radiopacity and solubility of the
tested sealers. Ultrasonic agitation for 20 seconds increased the pH of Sealer Plus BC and Bio-
C Sealer at 168h and increased calcium ion release for Sealer Plus BC and Bio-C Sealer at 168h.
We can conclude that ultrasonic agitation for twenty seconds interferes with some

physicochemical properties of calcium silicate-based sealers.

Keywords: bioceramic sealer, endodontic sealer, calcium silicate-based sealer,

ultrasound, physicochemical properties of endodontic sealer



1. APRESENTACAO

Essa dissertacdo, em nivel mestrado, contém como estrutura principal um artigo
cientifico, por esse motivo, a dissertacdo se encontra de acordo com as normas estabelecidas pela
revista Journal of Endodontics.

A realizacdo desse estudo foi aprovada pelo Comissdo de Pesquisa da Faculdade de
Odontologia da Universidade Federal do Rio Grande do Sul (COMPESQ) (ANEXO 1).



2. INTRODUCAO

Os principios da terapia endodéntica ja sdo consolidados na literatura ha quase cem anos
(HALL et al., 1928) e estdo diretamente relacionados ao selamento adequado do sitema de
canais radiculares (SCR) ap0s o preparo quimico-mecanico (BASMADJIAN-CHARLES,
FARGE, BOURGEOIS et al., 2002; PENG et al.,, 2007). A obturacdo tridimensional é
determinante para a obtengéo do sucesso endoddntico (CHEN, 2017) e objetiva proporcionar o
selamento do sistema de canais, sepultar os microrganismos remanescentes e promover o reparo
dos tecidos periapicais (BUCKLEY, SPANGBERG, 1995; TORABINEJAD, PITT FORD,
1996; ORSTAVIK, 2005).

A obturacdo dos canais radiculares é realizada a partir de um material sélido,
representado pela guta percha em formato de cones, associada a materiais plasticos, os cimentos
endodénticos. A guta percha, de forma isolada, ndo tem a capacidade de adesdo as paredes
dentinarias e ndo é capaz de promover um selamento tridimensional (BALGUERIE et al.,
2011). Os cimentos endoddnticos devem preencher as complexidades anatomicas do SCR,
como irregularidades, ramificacdes e istmos, promovendo uma melhor adaptacéo as paredes do
canal radicular através de suas interacGes fisicas e quimicas (BALGUERIE et al; 2011;
HARAGUSHIKU et al; 2012; KIM et al., 2016).

O cimento endoddntico ideal deve apresentar algumas propriedades fisicas, quimicas e
biolégicas como adequado tempo de trabalho, boa capacidade de selamento, estabilidade
dimensional, insolubilidade aos fluidos periapicais, radiopacidade que permita sua
diferenciacdo das estruturas dentérias, adequado escoamento, adesdo as paredes do canal e
biocompatibilidade (GROSSMAN, 1958). Os cimentos endodonticos estdo classificados em
cimentos a base de 6xido de zinco e eugenol, resinosos (resina epdxi ou de salicilato), ionémero
de vidro, silicone, cimentos que contém hidroxido de calcio, cimentos que contém MTA e
cimentos a base de silicato de calcio (bioceramicos) (LOPES, SIQUEIRA, 2015).

Os cimentos a base de silicato de célcio, também conhecidos como bioceramicos,
consistem em uma tecnologia recente utilizada na area medica e odontolégica (AL-HADDAD,
CHE AB AZIZ, 2016) e se destacam por apresentarem semelhanca biolégica com a
hidroxiapatita, o que confere excelente biocompatibilidade (JITARU et al., 2016). Além de
serem biocompativeis e bioativos (ALVES SILVA et al., 2020, HOSHINO et al., 2020), os
cimentos endodonticos bioceramicos possuem caracteristicas hidrofilicas, que utiliza da
umidade intracanal para sua presa final (GANDOLFI et al. 2013, PRATI, GANDOLFI, 2015),
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tém atividade antibacteriana e sdo radiopacos (CANDEIRO et al., 2012).

Entre os cimentos a base de silicato de célcio se encontram Bio-C Sealer (Angelus
Produtos Odontoldgicos, Londrina, PR, Brasil), BioRoot (Septodont, Saint-Maur-des-Fosses,
Franca) e Sealer Plus BC (MK Life, Porto Alegre, RS, Brasil). Bio-C Sealer e Sealer Plus BC
sdo comercializados em embalagem pronta para o0 uso, e possuem em comum caracteristicas
fisico-quimicas como tempo de presa, pH, escoamento e radiopacidade de acordo com 0s
padrdes exigidos, porém solubilidade elevada de acordo com a I1SO 6876:2012 (MENDES et
al., 2018; ZORDAN-BRONZEL et al., 2019). Séo considerados biocompativeis e possuem
potencial bioativo (ALVES SILVA et al., 2020).

BioRoot é um cimento a base de silicato tricalcico que possui apresentacdo po e liquido.
Apresenta atividade antimicrobiana (ARIAS-MOLIZ, CAMILLERI, 2016), capacidade
bioativa pela liberacdo de ions calcio (CAMPS et al., 2015; SIBONI et al., 2017) e adequadas
propriedades como radiopacidade, tempo de presa e pH, porém alta porosidade e solubilidade
(SIBONI et al., 2017).

Para promover uma obturacdo tridimensional e evitar gaps e bolhas, algumas
tecnologias estdo sendo utilizadas. Entre elas, a ativacdo ultrassdnica dos cimentos
endoddnticos (GUIMARAES et al., 2014; ALCALDE et al., 2017). Essa técnica surgiu apos a
irrigacdo ultrassonica passiva, do inglés passive ultrasonic irrigation (PUI), ser difundida e
consolidada por melhorar a dispersao da solucdo irrigante no canal radicular (PLOTINO et al.,
2007). A PUI é caracterizada por gerar ondas de transmissao e cavitacao acustica, promovendo
a ativacdo do irrigante no canal radicular a partir de insertos especificos para oscilacdo
ultrassénica (SILVA et al., 2019). Permite a penetracdo da solucdo irrigante em areas de
complexidades anatdmicas como istmos e irregularidades (DE GREGORIO et al., 2009) e como
consequéncia a melhor limpeza, desinfeccdo e reducéo bacteriana pela acdo quimica (SILVA
et al, 2019; CHAN, 2019).

A ativacdo ultrassonica dos cimentos endodonticos tem por objetivo diminuir a
formacéo de espacos vazios dentro dos canais, promover a penetragcdo dos cimentos em areas
de dificil acesso e melhorar adaptac&o entre o cimento e as paredes do SCR (GUIMARAES et
al., 2014; 2016; JIANG et al. 2016; WIESSE et al., 2017). Guimaraes et al. (2014) observaram
um aumento significativo da penetracdo do cimento AH Plus nas paredes dentinarias € menor
presenca de gaps apés a ativacdo ultrassénica durante 40 segundos. Alcalde et al. (2018)
observaram o aumento da adaptacdo interfacial dos cimentos testados apds realizar a agitacao

por 1 minuto em comparagéo aos grupos sem agitacéo.
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Pouco se sabe sobre a influéncia da ativacdo ultrassdnica nas propriedades fisico-
quimicas dos cimentos endodénticos, aléem disso, o tempo necesséario para a ativagdo dos
cimentos ainda é bastante variado nos estudos. Até o0 momento apenas um trabalho investigou
o efeito da ativacdo ultrassdnica nas propriedades fisico-quimicas de um Unico cimento
bioceramico (LOPES et al., 2019). Lopes et al. (2019), observaram a influéncia da ativagédo
ultrassonica por 20 segundos no tempo de presa, escoamento, alteracdo dimensional,

radiopacidade e solubilidade do cimento bioceramico Gutta Flow Bioseal.

Dada a importancia bioldgica e técnica das propriedades dos cimentos bioceramicos
(AL-HADDAD, CHE AB AZIZ, 2016) e o aumento no uso de protocolos de ativagdo dos
cimentos endoddnticos, € importante entender como as tecnologias que podem auxiliar na

obturacdo influenciam nas propriedades fisico-quimicas de diferentes cimentos bioceramicos.

3. OBJETIVOS

3.1 Obijetivo geral

Avaliar as propriedades fisico-quimicas de cimentos biocerdmicos (Bio-C Sealer,

BioRoot e Sealer Plus BC) ap06s diferentes tempos de ativagdo ultrassonica.
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3.2 Obijetivos especificos

- Analisar se 0 tempo de ativacdo ultrassonica influencia as propriedades fisico-quimicas

dos cimentos bioceramicos.
- Acompanhar o tempo de presa dos cimentos testados ap6s os protocolos de ativacao.
- Mensurar o escoamento dos cimentos testados apds os protocolos de ativagéo.
- Avaliar a solubilidade dos cimentos testados ap06s os protocolos de ativacéo.
- Verificar a radiopacidade dos cimentos testados ap6s 0s protocolos de ativacao.

- Acompanhar o pH e a liberagdo dos ions céalcio dos cimentos testados ap6s 0s

protocolos de ativacao.
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4. ARTIGO CIENTIFICO

Este artigo estd formatado de acordo com as normas do periddico Journal of Endodontics
(Qualis Al).

Silva, LA, S6, G.B., Mendes, A.T., Hashizume, L.N., Weissheimer, T., S0, M.V.R., da Rosa,
R.A. (2022). Does the ultrasonic activation of calcium silicate-based sealers affect their
physicochemical properties?
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Does the ultrasonic activation of calcium silicate-based sealers affect their physicochemical

properties?

Introduction: This study aimed to evaluate the influence of ultrasonic activation (UA) on the
physicochemical properties of calcium silicate-based sealers. Methods: Three experimental
conditions were created: no activation (NA), UA for 10 seconds, and UA for 20 seconds. Three
calcium silicate-based sealers were tested (Bio-C Sealer, Sealer Plus BC, and Bio Root RCS).
The sealers were handled according to the manufacturer’s instructions. A 3 mL syringe was
adapted to receive 1 mL of sealer. Activation was performed with an ultrasonic insert 20/.01.
The mold for the physicochemical analyzes was filled and evaluated according to the
ANSI/ADA specification n°. 57: initial and final setting time, flow, radiopacity and solubility.
Tests were also performed to evaluate pH and calcium ion release with experimental periods of
1, 24, 72, and 168 hours with a pHmeter and colorimetric spectrophotometer. Data were
analyzed by one-way analysis of variance and post-hoc Tukey tests. The significance level was
set at 5%. Results: The time of UA progressively delayed the initial setting time for all
bioceramic sealers (P < .05). Twenty seconds of UA increased the mean flow values of Sealer
Plus BC and Bio-C Sealer compared to NA (P < .05). UA did not influence the radiopacity and
solubility of the tested sealers (P > .05). UA for 20 seconds enhanced the pH levels and the
calcium ion release of Sealer Plus BC, and Bio-C Sealer at 168h (P < .05). Conclusion: UA for
twenty seconds interferes with some physicochemical properties of calcium silicate-based

sealers.

Keywords: Bioceramic sealer, endodontic sealer, calcium silicate based sealer,

ultrasonics, physicochemical properties of sealers.
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INTRODUCTION

The principles of endodontic therapy have been consolidated in the literature for almost
a hundred years (1) and are related to the proper sealing of the root canal system (RCS) after
chemical-mechanical preparation (2, 3). The three-dimensional filling is essential for
endodontic success and aims to provide the sealing of the canal system, bury the remaining
microorganisms, and promote the repair of periapical tissues (4). Endodontic sealers must
penetrate the anatomical complexities of the RCS, such as irregularities, ramifications, isthmus,
and dentinal tubules, promoting a better adaptation to the root canal walls through their physical
and chemical interactions (5, 6, 7).

Calcium silicate-based sealers, also known as bioceramic, consist of a recent class of
materials used in the medical and dental area (8) and stand out for their biological similarity to
hydroxyapatite, which confers excellent biocompatibility (9). In addition, to being
biocompatible and bioactive (10), bioceramic endodontic sealers have hydrophilic
characteristics, which use intracanal moisture for their final setting (11, 12), have antibacterial
activity, and are radiopaque (13, 14). The main drawback of these sealers is their high solubility
(8).

Bio-C Sealer (Angelus Produtos Odontol6gicos, Londrina PR, Brazil), BioRoot
(Septodont, Saint-Maur-des-Fosses, France) and Sealer Plus BC (MK Life, Porto Alegre, RS,
Brazil) are ready-to-use sealers and have similar physical-chemical characteristics such as flow,
setting time, radiopacity, and pH, but higher solubility according to the required standards (15,
16, 17). They are considered biocompatible and have bioactive potential (10). BioRoot RCS is
a tricalcium silicate-based sealer that has a powder and liquid presentation. It has antimicrobial
activity (18), bioactive capacity by releasing calcium ions (19, 20), and adequate properties
such as radiopacity, setting time, and pH, but high porosity and solubility (20).

Ultrasonic activation (UA) of the sealer aims to fill the irregularities, promote the
sealer's penetration in areas of difficult access, and improve the adaptation between the sealer
and the root canal walls (21, 22, 23, 24). Little is known about the influence of UA on the
physicochemical properties of endodontic sealers. So far, only one study has investigated the
effect of UA on the physicochemical properties of calcium silicate-based sealers (25). Finally,
the time required to activate the sealers is still varied in studies (21, 23, 25). Thus, this study
aimed to evaluate the influence of UA for ten and twenty seconds on the physicochemical

properties of calcium silicate-based sealers.

MATERIAL AND METHODS



17

Three bioceramic sealers (Sealer Plus BC, Bio-C Sealer, and BioRoot) were tested
(Table 1). Sealer Plus BC has a ready-to-use formulation and must be used by pressing the
syringe plunger. BioRoot has a powder and liquid presentation and must be handled according
to the manufacturer's instructions at the time of use. The amount of each sealer was dependent
on each test. All materials were placed on an analytical balance to measure their weight. A 3
mL syringe was adapted to receive 1 mL of sealer. Activation was performed with a 20/.01
ultrasonic tip (E1 — Irrisonic Tip; Helse Dental Technology, Séo Paulo, Brazil) with a power of
20% coupled in an ultrasonic device (P5 Newtron; Acteon Mount Laurel, USA) in the UA

groups.

Setting Time

The setting time of sealers was determined by ISO 6876:2012 (15) and ASTM C266-03
(ASTM C266-03). Three specimens, measuring 10mm in diameter and 2mm in height, were
produced for each sealer (n=3). Ultrasonic agitations were performed for each group, and the
sealers were inserted into the matrix. Slightly moistened gauzes were placed on the samples to
provide the necessary moisture. The model was based on AKSEL et al. (26) study. The samples
were conditioned at a temperature of 37°C and air humidity of 95%. After thirty seconds, a
100g Gilmore needle with a 2mm active tip was placed vertically on the sample surface. This
procedure was repeated every 60 seconds until the sealer surface was no longer marked, defined
as the initial setting time. The evaluation of the final setting time started immediately after
determining the initial setting time. A 456.5g Gilmore needle with a Imm active tip was
positioned vertically on the sealer surface (27). The same repetition interval used to determine

the initial setting time was used to determine the final setting time.

Flow

Flow values were obtained from the mean values of three tests performed by each group
(n=3). For the flow test, according to 1ISO 6876:2012, 0.5 + 0.005 mL of sealer, previously
manipulated and prepared according to each group (n=3), was placed on a glass plate measuring
40mm (height) x 40mm (width) x 5mm (thickness) using a 1mL syringe. Then, another glass
plate was placed on the sealer, and a load of 100g was applied. After 10 minutes, the largest
and smallest diameters of each sample was measured with a digital caliper (Digimess, Sao
Paulo, SP, Brazil) and the mean flow value was obtained. If the difference between the two

diameters was higher than 1mm, the test was performed again.
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Radiopacity

Following 1SO 6876: 2012 (15), three specimens were produced for each group. After
handling the sealer, the samples were introduced into a matrix of 10 mm in diameter and 1 mm
in height. After setting, the samples were placed on a periapical radiographic sensor next to an
aluminum scale. This scale had a thickness ranging from 0.5 to 5 mm. Next, radiography was
performed using a Timex 70E X-ray device (Saevo, Ribeirdo Preto, SP, Brazil) with an
exposure time of 0.1 s. Images were analyzed with ImageJ software (Research Services Branch,
National Institutes of Mental Health, Bethesda, MD, USA). The aluminum scale's gray levels
(pixel densities) and a standardized area of 1.5 m2 in the center of the samples were calculated
concerning their mean values and standard deviations. The radiopacity value was determined
according to the radiographic density, which was also converted into millimeters of aluminum
(mm Al).

Solubility

Three specimens 10mm in diameter and 1mm in height (27) were produced for each
group to determine solubility. The samples were weighed on an analytical balance (Shimadzu,
Tokyo, Japan) with an accuracy of 0.001 g and then placed in Falcon tubes (Mano de mano
Import, Osasco, S&o Paulo, Brazil) with 50 mL of distilled water. The specimens were inserted
into the tubes using nylon thread, which allowed the sample to be hung and immersed in
distilled water without touching the walls of the Falcon tubes during the entire experimental
period. After setting, the specimens were removed from the molds, and all remaining particles
were removed using a microbrush. The tubes were closed for seven days (168h) and conditioned
at a temperature of 37°C and 95% air humidity. After 168 h, specimens were removed from the
tubes, gently washed with distilled water, dried with absorbent paper, placed in a dehumidifier
for 24 hours, and weighed again to obtain their final weights. Solubility was obtained by

calculating the weight loss after immersion.

pH and Calcium lon Release

Five specimens (n=5) of each group were produced from polyethylene tubes 10mm in
length and 1mm inner diameter, and one of the ends closed (13). The tubes were filled with
sealer using a 1mL syringe. After filling, each specimen was placed in a 15ml tube containing
10ml of deionized water. The samples were stored at a controlled temperature of 37°C. The

specimens were removed from the flask before the pH assessment, and the solutions were
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agitated for 5s. The pH evaluation was performed with a digital pH meter (Digimed DM-22,
San Paulo, SP, Brazil) at 1, 24, 72, and 168h after immersion. The method control was based
on reading the pH values of deionized water in which no sample was immersed. The calcium
ion release was assessed after 1, 24, 72, and 168 hours. Calcium levels were obtained with a

colorimetric method using Arsenazo 111 (28).

Statistical Analysis
The Shapiro-Wilk test was performed to evaluate the distribution of the data. The one-

way analysis of variance (ANOVA) and Tukey test was used with the significance level at 5%.

RESULTS
Tables 2, 3, and 4 summarize the results of the physicochemical properties of the
endodontic sealers assessed with and without UA.

Setting Time

The time of UA progressively delayed the initial setting time for all the bioceramic
sealers (P < .05). Twenty seconds of UA delayed the final setting time for all the sealers tested
compared with no activation (P < .05), but ten seconds only did for Sealer Plus BC (P > .05).
Sealer Plus BC showed the lowest and the highest initial setting time with NA and after 20
seconds of UA, respectively (P < .05). BioRoot showed the lowest final setting time in each

experimental condition (i.e., no activation, 10 seconds, and 20 seconds) (P < .05).

Flow

Twenty seconds of UA increased the mean values of flow for Sealer Plus BC and Bio-
C Sealer compared with no activation (P < .05). Ten seconds of UA did not impact the flow
rate of the sealers (P > .05). The flow rate of BioRoot was higher than Sealer Plus BC with NA
(P >.05). After ten seconds of UA, Sealer Plus BC showed the lowest flow rate (P <.05). Bio-

C Sealer showed the highest flow after twenty seconds of activation (P <.05).

Radiopacity
The UA did not influence the radiopacity of the sealers (P >.05). Bio-C Sealer, BioRoot,

and Sealer Plus BC sealers had similar radiopacity (P > .05)
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Solubility
UA did not affect the solubility of the sealers (P > .05). The calcium silicate-based

sealers showed similar solubility (P > .05).

pH and Calcium lon Release

The pH increased from 1 hour to 24 hours for all sealers and times of UA (P < .05), except for
Sealer Plus BC NA and 20 seconds (P > .05). From 24h to 72h, the pH increased for BioRoot 20 seconds
and for Sealer Plus BC NA and 20 seconds (P < .05). Finally, from 72h to 168h, the pH increased for
Bio-C Sealer 10 and 20 seconds of UA and Sealer Plus BC 20 seconds (P < .05). UA for 20 seconds
improved the pH levels and the calcium ion release of Bio-C Sealer and Sealer Plus BC in 168h (P <
.05). BioRoot had the highest pH in all evaluation periods, except with no UA in 1 hour and 20 seconds
of UA in 168h (P < .05). BioRoot showed higher calcium ions release than Bio-C Sealer and Sealer Plus

BC in all evaluation periods regardless the UA (P < .05).

DISCUSSION

New techniques and technologies are constantly being used to increase the success rate
of endodontic treatment. The UA of endodontic sealers has been investigated in the last years
(21, 23). The UA of the irrigant increases the dispersion of the irrigating solution in the root
canal system, improving cleaning, disinfection, and bacterial reduction (29, 30, 31). So, the
activation of the endodontic sealers has been proposed with the same goals (i.e., to push the
sealer toward the canal irregularities). However, it is still unclear whether these transmission
waves cause changes in the physicochemical properties, especially bioceramic sealers. So, this
study aimed to evaluate if UA would influence the physicochemical properties of calcium
silicate-based sealers.

Setting time is considered the time required for endodontic sealers to achieve their
definitive properties (32). It is related to sealer compounds, particle size, room temperature, and
relative humidity (33). It must be long enough to allow the insertion of the sealer into the root
canals and the performance of the obturator technique (32). However, a very long setting time
can be a disadvantage, as most endodontic sealers have some degree of toxicity until their final
setting (8). In addition, it can lead to apical leakage after endodontic treatment, leading to
contamination by microorganisms through a sealer that has not yet been set (34). The present
study used 100g and 456.3g Gilmore needles (15) to determine the initial and final setting times,

respectively.
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Bioceramic sealers such as Bio-C and Sealer Plus BC have water-free thickeners, which
allows them to be marketed as a ready-to-use, pre-mixed paste, and the final setting of these
sealers depends on moisture (35). Its components react with the water coming from the dentinal
tubules since the manufacturers' recommendation is to dry the canals with paper cones without
excessively drying them. However, the humidity inside the dentinal tubules is very variable (36,
37), directly influencing the setting time and the setting itself of bioceramic sealers sold in
ready-to-use packaging (35). Few moistures can prevent the sealer from reaching its final
setting, and excess moisture can affect the microhardness of the sealer after it sets (35). Slightly
moistened gauzes were placed over the samples to provide Sealer Plus BC and Bio-C Sealer
with the necessary moisture. This model was based on a previous study (26) which used a paper
filter and had similar setting times. The time of UA progressively delayed the initial setting
time for all the bioceramic sealers (P < .05). Also, twenty seconds of UA delayed the final
setting time for all the sealers tested compared with no activation (P <.05). High-frequency UA
promotes turbulent flow and cavitation (25, 38, 39) and causes an increase in the temperature
and pressure of the system, which probably generates radicals in the organic portion of the
sealers, delaying the polymerization reaction and the setting time (25). BioRoot showed the
lowest final setting time with NA, 10 seconds, and 20 seconds of UA, probably because the
aqueous vehicle in its composition, which accelerates the chemical reaction of sealer’s
setting.Ten seconds of UA did not impact the flow rate for all the sealers tested (P > .05).
However, twenty seconds of UA increased the mean values of flow for Sealer Plus BC and Bio-
C Sealer compared to no activation (P < .05). The UA did not alter the flow of the BioRoot
sealer (P > .05). Probably, this result is due to the more significant heating generated in, the
longer activation time (40), which increases the flow of sealers in paste-paste or ready-to-use
presentations (41). In addition, different vehicles compose the bioceramic sealers tested in this
study. Propylene glycol and polyethylene glycol are viscous vehicles of Sealer Plus BC and
Bio-C Sealer, respectively. While BioRoot has an aqueous vehicle in its composition, which
confer greater flow even without UA to this powder and liquid sealer than ready-to-use
bioceramic sealers. Maybe a longer UA time could generate higher flow values for this powder-
liquid sealer. All sealers reached the standards determined by ISO 6876:2012, which determines
a flow rate of at least 20mm (15). Bio-C Sealer showed the highest flow after twenty seconds
of UA (P <.05), probably because it presents the smallest particle size among the tested sealers.

Endodontic sealers must have adequate radiopacity to be distinguishable from adjacent
anatomical structures (8, 42) and to allow visualization of the quality of root canal filling. UA
did not influence the radiopacity of the sealers (P > .05). According to ISO standards (15), an
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endodontic sealer must have a radiopacity equivalent to 3 mm of the aluminum scale. All sealers
were within the required standards.

Solubility is related to the weight loss of the material when immersed in water (32).
According to 1SO standards, the solubility of endodontic sealers must be less than 3%. Sealers
must remain within established standards to avoid voids capable of allowing the infiltration of
microorganisms and reinfection (43, 44). The high solubility of bioceramic sealers occurs
because of hydrophilic nanometric particles, which increase the surface area and allow more
liquid molecules to meet the sealer (8). Bio-C Sealer has 2 um particles, Sealer Plus BC 3 to 6
um particles, BioRoot 2 to 10 um. The high solubility of these sealers is still one of the
significant disadvantages of bioceramics.

The pH assessment is essential because it is related to the alkalization promoted by each
sealer over time (45). Alkaline pH enhances antibacterial activity, which may have remained
viable after mechanical chemical preparation and induce or maintain periapical disease (46, 47).
Furthermore, it can increase the sealers' osteogenic potential and biocompatibility and increase
mineralized components' deposition (48). The pH values and calcium ion release are closely
related to the solubility of sealers (49). The high solubility of bioceramic sealers is considered
a disadvantage; however, its bioactive potential through the release of calcium ions is a
consequence of this solubility even after the final setting (43).

This study showed that bioceramic sealers had high values of pH and calcium ion
release, which increased or remained stable over time. After UA for 20 seconds, Sealer Plus
BC and Bio-C Sealer showed an increase in pH levels and calcium ion release in 168h (P <
.05). The vehicle's viscous nature can delay the improvement of pH and calcium ion release
(i.e., 168h) once only the UA for twenty seconds promoted an improvement on the ions release.
Maybe, it would be interesting to incorporate the UA of bioceramic sealers with viscous
vehicles for 20 seconds to increase the pH and calcium ions release. This approach could
promote better alkalinization of the medium with some impact on the disinfection process after
root canal filling. The BioRoot, powder and liquid sealer, was not influenced by the UA (P >
.05), but it presented higher pH values and calcium ion release values since the first
experimental times, when compared to other bioceramic sealers (P < .05). These results were
also found in the study by Retana-Lobo et al. (50), probably because ionic diffusion is more

significant in water, and this is a sealer that presents an aqueous vehicle.

CONCLUSION
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UA for twenty seconds interferes with some physicochemical properties of calcium
silicate-based sealers. Twenty seconds of UA improved the flow, pH, and calcium ion release
of ready-to-use sealers (i.e., Sealer Plus BC and Bio-C Sealer). The initial and final setting time

of bioceramic sealers was progressively delayed as long as the UA.

LIST OF TABLES

Table 1. Chemical compositions of the sealers

_ BioRoot RCS
Bio-C Sealer Sealer Plus BC —
Powder Liquid
Calcium Silicates Calcium silicate Tricalcium silicate Water
Calcium aluminate Zirconium oxide Zirconium oxide Calcium chloride
Calcium oxide Tri-calcium silicate Povidone Polycarboxylate
Zirconium oxide Propylene Glycol - -
Iron oxide Calcium hydroxide - -

Silicon dioxide - - .

Polyethylene Glycol - - -
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Table 2. Means and standard deviations of flow (mm), initial and final setting times (minutes), radiopacity (mm/Al) and solubility (g).

Sealers UA Initial Setting Time Final Setting Time Flow Radiopacity Solubility
NA 80+1.11¢ 188.61+8.1152 37.21+0.1482 5.33+0.25"2 -0.0338+0.0019%2
Bio-C Sealer 10 sec 85.66+1.01BP 190.66+ 8.0282 39.22+0.08B2 5.17+0.43%2 -0.0341+0.0014%2
20 sec 95.66+1.174 195.82+13.0142 43.07+0.1342 5.04+0.5242 -0.0358+0.005142
NA 62.33+1.10¢P 168.33+8.50¢° 35.86+0.11B° 5.11+0.06" -0.0386+0.002142
Sealer Plus BC 10 sec 91+1.128 185+6.7652 35.03+0.098P 5.07+1.1072 -0.0384+0.0019%2
20 sec 148.66+1.197 196.66+11.1742 39.07+.124° 4.99+0.742 -0.0398+0.0018"2
_ NA 94+1.18% 125.32+8.438¢ 38.37+0.16"2 5.05+0.474 -0.0433+0.002742
BioRoot 10 sec 97+1.0188 127.91+7.858° 30.0140.11%  502+0.22%8  -0.0415+0.00224
20 sec 109+1.054° 132.33+.444° 38.34+0.097° 5.01+0.66" -0.0421+0.0075%2

Different capital letters denote a significant difference according to the UA of each sealer (P > .05)

Different lowercase letters denote a significant difference between the sealers for each activation time (P > .05)
NA = no activation

UA = ultrasonic activation



Table 3 — Means and standard deviation of pH after different times of ultrasonic activation of the sealers along the evaluation period.

Sealers UA 1 hour 24 hours 72 hours 168 hours
NA 9.11+0.56 B 10.79+0.16 Aaf 11.05+0.09 A2* 11.1540.04 AbT
Bio-C Sealer 10 sec 9.60+0.15 & 10.94+0.05 Baf 10.95+0.09 Bab* 11.16+0.10 AT
20 sec 9.45+0.88 ¢ 10.64+0.41 B 10.82+0.18 B 11.36+0.06 A%
NA 9.97+0.45 Baf 10.41+0.16 Bb* 10.96+0.24 A% 10.99+0.15 A*
Sealer Plus BC 10 sec 10.10+0.12 Bat 10.78+0.05 A" 10.92+0.02 A" 10.78+0.34 A>*
20 sec 10.36+0.21 Caf 10.55+0.15 ¢ 10.85+0.02 B 11.69+0.15 Aaf
NA 9.31+0.21 B 11.35+0.04 AabS 11.53+0.21 Aaf 11.49+0.01 A%
BioRoot 10 sec 10.36+0.15 Baf 11.55+0.14 A% 11.63+0.11 Aaf 11.61+0.11 A%
20 sec 10.14+0.37 Caf 11.18+0.06 Bbf 11.56+0.01 Aaf 11.57+0.26 A"

Capital letters compare the pH values in the line.

Lowercase letters compare the effect of UA for each endodontic sealer. (o = 5%).

* 1.8 denote a significant difference between the sealers for each activation time (P > .05).

NA = no activation UA = ultrasonic activation
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Table 4 - Means and standard deviation of calcium ions release after different times of ultrasonic activation of the sealers along the evaluation

period.
Sealers UA 1 hour 24 hours 72 hours 168 hours

NA 53.67+5.708" 418.51+205.1°%" 580.76+69.264 550.62+52.854bf

Bio-C Sealer 10 sec 59.86+6.10%" 459.96+96.27A0a" 399.29+69.1180" 584.45+124.0407
20 sec 61.23+6.55P 424.69+82.248%" 282.83+99.17¢P" 725.51+56.594%
NA 453.22+66.658" 1002.99+14.44Ab 1027.53+38.42A2b8 1025.35+41.72A48

BioRoot 10 sec 725.52+57.138a8 1034.63+23.744at 1050.71+10.0344t 1040.83+47.35°%8

20 sec 758.92+93.008%8 1039.80+10.5144f 1011.86+8.66A0S 1052.34+85.06728

NA 387.92+96.994at 257.46+84.608" 413.37+76.57 A" 434.76+37.514°"

Sealer Plus BC 10 sec 278.53+68.7084t 427.96+51.23" 437.62+15.437% 408.65+76.87A"
20 sec 342.05+59.60¢# 361.47+30.57¢" 425.77+12.0584 918.61+23.287af

Capital letters compare the Ca ions release in the line.
Lowercase letters compare the effect of UA for each endodontic sealer. (o = 5%).

* 1.8 denote a significant difference between the sealers for each activation time (P > .05).

NA = no activation UA = ultrasonic activation
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5. CONSIDERACOES FINAIS

O sucesso do tratamento endodéntico se deve realizacdo adequada de todas as etapas
clinicas (CHEN, 2017). Desde a anestesia, abordagem, exploracéo e instrumentacdo dos canais,
irrigacéo, obturacéo e reabilitacdo. A cada dia surgem novas tecnologias destinadas a melhorar
a qualidade dos tratamentos, facilitar o dia a dia do operador e tornar o tratamento endododntico
uma experiéncia mais agradavel para o paciente. Entre essas tecnologias, se encontra o
ultrassom. E caracterizado por gerar ondas de transmissdo e cavitacdo acUstica, através de
insertos especificos para oscilagdo ultrassonica (SILVA et al., 2019). Entre outras fungdes, o
ultrassom € amplamente utilizado para realizar a PUI, técnica amplamente estudada e
comprovada para melhorar os niveis de desinfeccdo do SCR através da agitacdo ultrassonica da
solugéo irrigadora (SILVA et al., 2019, CHAN, 2019, ARSLAN et al., 2016).

Ap0s a técnica de agitacdo da solucéo irrigadora estar consolidada como uma excelente
opcao para reduzir a carga microbiana (CROZETA et al., 2020), comecou-se a introduzir
insertos ultrassdnicos para realizar a ativacdo dos cimentos endodonticos. Essa manobra tem
como objetivo fazer com que o cimento penetre nas complexidades anatdmicas dos canais
radiculares, como irregularidades, istmos e canais acessorios, a fim de promover um melhor
selamento com a reducdo de gaps e espacos vazios (GUIMARAES BM et al., 2014; JIANG S
et al., 2016; ALCALDE MP et al., 2017; WIESSE et al., 2018). Alcalde e colaboradores, em
2017, observaram que a ativacao ultrassdnica do cimento AH Plus promoveu uma melhor
qualidade da obturacdo do canal radicular e aumento a penetracdo intratubular do cimento,
principalmente na regido de istmo. Além disso, também houve o aumento da agdo
antimicrobiana contra Enterococcus faecalis em comparacdo ao grupo sem ativacdo. De Bem
et al. (2020) obtiveram resultados semelhantes, avaliando cimentos a base de resina e silicato
de célcio. A ativacdo ultrassbnica aumentou a penetracéo intratubular e a resisténcia de unido

dos cimentos a dentina radicular.

Apesar da literatura apresentar excelentes resultados da ativacao ultrassonica em relagdo
a melhora na qualidade da obturacdo, acdo antimicrobiana e resisténcia de unido com a dentina
(ALCALDE et al., 2017; DE BEM et al., 2020; DA SILVA MACHADO et al., 2021), os
cimentos endodoénticos podem sofrer alteragdes nas suas propriedades fisico-quimicas apds
passar pela oscilacdo ultrassonica. Lopes et al. (2019) investigaram o efeito da agitacdo sbnica
e ultrassénica em relacdo a tempo de presa, escoamento, alteragdo dimensional, solubilidade e

radiopacidade dos cimentos AH Plus, MTA Fillapex, ADSeal, GuttaFlow Bioseal e Gutta Flow
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2. Tanto a agitacdo sbnica quanto a ultrassonica promoveram alteracdo nas propriedades
avaliadas, principalmente para tempo de presa e escoamento. Ainda é muito limitada a
quantidade de informacao disponivel sobre a possivel influéncia da ativacdo ultrassénica sobre
as propriedades fisico-quimicas de cimentos endoddnticos para aplicar essa técnica com

seguranca no dia a dia clinico.

Além disso, existe uma vasta gama de cimentos endodénticos disponiveis no mercado,
com diferentes composicdes e propriedades. Os cimentos a base de resina epoxi sdo
considerados padrdo ouro mundialmente devido as suas propriedades fisico-quimicas
(RESENDE et al., 2009). Mais recentemente, foram langados cimentos a base de silicato de
calcio, também chamados de bioceramicos, com a proposta de conferir excelente
biocompatibilidade e bioatividade. Suas propriedades permitem melhorar a adesdo do cimento
adentinaradicular (CANDEIRO et al., 2012). Estudos recentes demonstram que esses cimentos
possuem boas caracteristicas fisico-quimicas, porém solubilidade elevada (MENDES et al.,
2018).

O presente estudo teve como intuito unir algumas tecnologias atuais para obturagédo
radicular e entender as possiveis correlacfes entre elas. Portanto, o objetivo foi avaliar o efeito
do tempo de ativacdo ultrassonica dos cimentos bioceramicos nas suas propriedades fisico-
quimicas. Foram utilizados os cimentos biocerdmicos Bio-C Sealer, BioRoot e Sealer Plus BC
sem agitacdo, agitacdo por 10 segundos e agitacdo por 20 segundos. As propriedades de tempo
de presa, escoamento, radiopacidade, solubilidade, pH e liberacdo de ions calcio foram

avaliadas.

A metodologia utilizada para o tempo de presa foi baseada nos padrdes ISO 6876:2012
e a ASTM C266-03 (ASTM C266-03), que determina as dimensoes das amostras e 0s tempos
de avaliagdo com as agulhas de Gilmore até a determinacéo dos tempos de presa inicial e final.
Porém, os cimentos bioceramicos possuem como particularidade a necessidade de umidade para
da inicio a sua reacdo de presa (LOUSHINE et al., 2011). Os fabricantes especificam que a
umidade presente nos tdbulos dentinarios € suficiente para a presa final dos cimentos. Para
realizacdo dos testes experimentais, foram necessarios alguns testes pilotos até que a
metodologia se adequasse aos tempos de presa recomendados pelas bulas dos fabricantes. A
metodologia utilizada foi baseada em Aksel et al. (2021), que utilizou filtro de papel umedecido
sobre as amostras para fornecer umidade. Neste estudo foi utilizado gaze umedecida e os

resultados encontrados foram semelhantes.

O tempo de presa € considerado o tempo necessario para que os cimentos endoddnticos
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atinjam suas propriedades definitivas e esta relacionado a composi¢do do cimento, tamanho de
particula, temperatura ambiente e umidade relativa (ORSTAVIK et al., 2005). Os cimentos
bioceramicos como Bio-C Sealer e Sealer Plus BC sdo comercializados como uma pasta pré
misturada pronta para uso, e por isso possuem espessantes isentos de agua, dependendo da
umidade presente nos tlibulos dentinarios para a presa final (HOSOYA et al., 2000; PAQUE et
al., 2006, LOUSHINE et al., 2011). No entanto, a umidade que permanece no interior dos
tubulos dentinarios é muito variavel, influenciando diretamente no tempo de presa e na propria
presa dos cimentos bioceramicos vendidos em embalagens prontas para uso. Pouca umidade
pode impedir que o cimento atinja sua presa final e o excesso de umidade pode afetar a
microdureza do cimento apo6s sua presa (LOUSHINE et al., 2011). O tempo de ativacao
ultassénica aumentou progressivamente o tempo de presa inicial para todos os cimentos
bioceramicos. Além disso, 20 segundos de ativacdo ultrassonica atrasou o tempo final de presa
para todos os cimentos testados em comparagdo com nenhuma ativacdo. Isso se deve ao
aumento da temperatura, cavitacdo e oscilacdo promovidos pelas ondas ultrassonicas,
retardando a reacdo de presa (LOPES et al., 2019).

Em relacdo ao escoamento, a ativacao ultrassonica por 10 segundos ndo teve influéncia
sobre nenhum dos cimentos testados. Em contrapartida, 20 segundos de ativacao ultrassénica
aumentou os valores de escoamento para Sealer Plus e Bio-C Sealer. Todos esses cimentos tém
apresentacdo pasta-pasta ou prontos para uso, com veiculo viscoso, o que provavelmente sofreu
influéncia do aquecimento gerado com a ativacdo ultrassénica. Ao contrario de BioRoot, que
possui um veiculo aquoso em sua composicao, e mesmo sem ativacao ultrassonica apresentou

valores maiores de escoamento do que os demais cimentos testados.

A radiopacidade de todos os cimentos testados estava de acordo com os padrdes I1SO. A
agitacdo ultrassdnica ndo teve influéncia na radiopacidade em nenhum dos cimentos testados

no estudo.

A principal desvantagem dos cimentos bioceramicos se deve a solubilidade. De acordo
com as normas 1SO, a solubilidade dos cimentos endodonticos deve ser inferior a 3%. Os
resultados desse estudo mostraram que nenhum dos cimentos bioceramicos atendeu as normas
exigidas, o que também foi encontrado em estudos anteriores para essa categoria de cimentos
(FLORES et al., 2011; MENDES et al., 2018; SILVA et al., 2021). A alta solubilidade dos
cimentos bioceramicos ocorre devido a presenca de particulas nanométricas hidrofilicas (AL-
HADDAD et al., 2016), as quais aumentam a area superficial e permitem que mais moléculas

liquidas encontrem o cimento. Bio-C Sealer tem particulas de 2 pm, Sealer Plus BC 3 a 6 pm
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particulas, BioRoot 2 a 10 pm.

Os valores de pH e liberacdo de ions célcio estdo intimamente relacionados com a
solubilidade dos cimentos (HOLLAND et al., 2002). A alta solubilidade dos cimentos
bioceramicos é considerada uma desvantagem; entretanto, seu potencial bioativo por meio da
liberacdo de ions célcio é consequéncia dessa solubilidade mesmo apds a presa final
(DONNERMEYER et al., 2019). Os cimentos bioceramicos apresentaram valores elevados de
pH e liberacdo de ions calcio, que aumentaram ou permaneceram estaveis ao longo do tempo.
Os maiores valores de pH para os cimentos bioceramicos foram observados apds 168h. Os
resultados concordam com outros estudos, nos quais os valores de pH aumentaram ao longo do
tempo (DUARTE et al., 2009; CANDEIRO et al., 2012; KHAROUF et al., 2020). Talvez seja
interessante incorporar a agitacao ultrassénica de cimentos bioceramicos com veiculos viscosos
por 20 segundos para aumentar o pH e a liberacdo de ions calcio. Esta abordagem poderia
promover uma melhor alcalinizagdo do meio com algum impacto no processo de desinfeccéo
apos a obturacdo do canal radicular. O cimento em po6 e liquido BioRoot nédo foi influenciado
pela ativacdo ultrassdnica, mas apresentou valores de pH e liberacdo de ions célcio mais
elevados desde o0s primeiros tempos experimentais. Esses resultados também foram
encontrados no estudo de Retana-Lobo et al. (2021), provavelmente porque a difusdo i6nica é

maior em agua, e BioRoot possui em sua composi¢cdo um veiculo aquoso.

A metodologia utilizada para realizar os testes de pH e liberacdo de ions calcio apresenta
algumas limitacdes. Quando o cimento é inserido em tubos de polietileno e imediatamente
colocado em tubos contendo agua destilada, o cimento fica propenso a uma alta solubilizacédo
que pode, no futuro, interferir nos resultados obtidos. Neste estudo, observamos que
principalmente o cimento BioRoot gerou uma “lama” de cimento que ficou aderido as paredes
do tubo. Isso também pode explicar os altos valores de liberacdo de ions calcio para BioRoot

guando comparado a outros cimentos bioceramicos (Bio-C Sealer e Sealer Plus BC).

6. CONCLUSAO

A agitacdo ultrassbnica por vinte segundos promoveu alteracdes nas propriedades
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fisico-quimicas dos cimentos a base de silicato de célcio, com excecdo da solubilidade e da
radiopacidade. Vinte segundos de ativacdo ultrassonica melhoraram o escoamento, o pH e a
liberacdo de ions calcio de cimentos prontos para uso (Sealer Plus BC e Bio-C Sealer). O tempo
de presa inicial e final das bioceramicos foi progressivamente aumentado quanto mais longo
foi o periodo de ativacdo ultrassénica. Maiores valores de escoamento, pH e liberacdo de ions
calcio sdo considerados positivos no sentido de melhorar o preenchimento tridimensional e

aumentar as propriedades bioativas.
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