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Resumo

DUARTE, Camila Gonçalves. Materiais restauradores temporários resinosos:
uma revisão sistemática com meta-análise e estudo in vitro. 2018. 74f.
Dissertação (Mestrado em Odontologia). Programa de Pós Graduação em
Odontologia, Universidade Federal de Pelotas, 2018.

Neste estudo, foi realizada uma revisão sistemática e meta-análise a fim de analisar
as propriedades físicas de materiais restauradores temporários à base de resina
quando comparados aos materiais restauradores temporários convencionais. E
realizado um estudo laboratorial com o propósito de avaliar as propriedades físicoquímicas e o desempenho de materiais restauradores temporários à base de resina
com incorporação de componentes liberadores de íons de cálcio e flúor. Uma busca
em oito bases de dados foi realizada: MedLine (PubMed), Cochrane, Web os
Science, Scopus, Scielo, Lilacs, Bbo e Ibces. Paralelo a isso, um estudo laboratorial
foi desenvolvido com o objetivo de avaliar o desempenho físico-químico de um
restaurador temporário resinoso experimental com diferentes formulações e
potencial efeito liberador de íons cálcio e flúor. Os materiais experimentais foram
avaliados quanto ao grau de conversão, profundidade de polimerização, estabilidade
dimensional, liberação de íons cálcio e flúor, resistência coesiva, sorção e
solubilidade, e comparados a uma referência comercial. Um total de 23 artigos foi
incluído na meta-análise. As propriedades avaliadas foram: microinfiltração,
resistência à flexão, resistência de união, sorção e solubilidade, resistência à tração
diametral e resistência à compressão. Os restauradores temporários à base de
resina mostraram melhor capacidade de vedação e propriedades físicas melhoradas
em relação à microinfiltração e à resistência à flexão do que os materiais
temporários convencionais. Restauradores temporários à base de resina também
mostraram melhores resultados em termos de dureza, sorção e solubilidade. No
estudo in vitro, o restaurador com hidróxido de cálcio apresentou grau de conversão
significativamente maior que os demais grupos (92,7% ± 3,3). A profundidade de
polimerização (mm) foi significativamente maior no grupo experimental resinoso sem
adição de íons (14,2 ± 3,1). Os materiais comerciais não apresentaram liberação de
flúor, o grupo contendo apenas flúor adicionado a base apresentou liberação até 30
dias, com maior liberação entre o primeiro e o terceiro dia (> 10 ppm). Quanto a
liberação de cálcio, o grupo com nitrato de cálcio apresentou liberação inicial de
cálcio de aproximadamente 9 ppm, oscilando e mantendo a liberação até os 30 dias
de análise. Para os resultados de resistência coesiva, o grupo com hidróxido de
cálcio apresentou resultados significativamente maiores que os demais. A menor
alteração da dureza de superfície (%SHC) foi apresentada pelo grupo ERCC (SHC
<75%). Não houve diferença estatisticamente significante entre os outros grupos
quanto ao %SHC. Quanto à revisão sistemática e meta-análise, considerando a
heterogeneidade encontrada e a falta de ensaios clínicos e avaliações a longo
prazo, ainda são necessários novos estudos para elucidar se esses restauradores
são comparáveis aos materiais convencionais em situações clínicas.
Palavras-chave: Revisão
dentária temporária

sistemática,

agentes

antimicrobianos,

restauração

Abstract

DUARTE, Camila Gonçalves. Resin temporary restorative materials: a
systematic review with meta-analysis and in vitro study. 2018. 74f. Dissertação
(Mestrado em Odontologia). Programa de Pós Graduação em Odontologia,
Universidade Federal de Pelotas, 2018.

In this study, a systematic review and meta-analysis were performed to analyze the
physical properties of temporary resin-based restorative materials when compared to
conventional temporary restorative materials. A laboratory study was carried out with
the purpose of evaluating the physicochemical properties and the performance of
resin-based temporary restorative materials with incorporation of calcium and fluoride
ion releasing components. A search in eight databases was performed: MedLine
(PubMed), Cochrane, Web the Science, Scopus, Scielo, Lilacs, Bbo and Ibces.
Parallel to this, a laboratory study was developed with the objective of evaluating the
physical-chemical performance of a temporary experimental resin restorer with
different formulations and potential release effect of calcium and fluoride ions. The
experimental materials were evaluated for degree of conversion, depth of
polymerization, dimensional stability, release of calcium and fluoride ions, cohesive
strength, sorption and solubility, and compared to a commercial reference. A total of
23 articles were included in the meta-analysis. The properties evaluated were:
microleakage, flexural strength, bond strength, sorption and solubility, diametral
tensile strength and compressive strength. Temporary resin-based restorers have
shown improved sealing ability and improved physical properties with respect to
microleakage and flexural strength than conventional temporary materials.
Temporary resin based restorers also showed better results in terms of hardness,
sorption and solubility. In the in vitro study, the restorer with calcium hydroxide had a
significantly higher degree of conversion than the other groups (92.7% ± 3.3). The
polymerization depth (mm) was significantly higher in the resinous experimental
group without addition of ions (14.2 ± 3.1). The commercial materials did not present
fluoride release, the group containing only fluoride added the base showed release
up to 30 days, with greater release between the first and third day (> 10 ppm). As for
the release of calcium, the calcium nitrate group showed initial release of calcium of
approximately 9 ppm, oscillating and maintaining the release until the 30 days of
analysis. For the results of cohesive resistance, the group with calcium hydroxide
presented significantly higher results than the others. The lowest surface hardness
change (% SHC) was presented by the ERCC group (SHC <75%). There was no
statistically significant difference between the other groups regarding% SHC.
Regarding the systematic review and meta-analysis, considering the heterogeneity
found and the lack of clinical trials and long-term evaluations, further studies are still
needed to elucidate whether these restorers are comparable to conventional
materials in clinical situations.
Key words: Systematic Review, antimicrobial agents, temporary dental filling
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1. Introdução

A utilização de materiais restauradores temporários é frequente em várias
áreas da odontologia, e o seu desempenho pode ser o diferencial no sucesso do
tratamento proposto (AJMAL et al., 2018, VAJJA et al., 2018). Dentro dos materiais
disponíveis no mercado encontramos restauradores temporários convencionais, que
são os cimentos à base de óxido de zinco com ou sem eugenol e os cimentos de
ionômero de vidro, assim como os restauradores temporários resinosos, cuja
formulação é à base de resina (IQBAL, 2017, ROSA et al., 2016). A literatura relata
que um material restaurador temporário ideal deve ser capaz de evitar
microinfiltração, ser dimensionalmente estável (CIFTCI; VARDARLI; SONMEZ, 2009,
LAUSTSEN et al., 2005), mostrar força mecânica suficiente para manter a
integridade do dente enquanto em função, além de promover o selamento adequado
(ZMENER; BANEGAS; PAMEIJER, 2004). Além disso, outros fatores como a
sensibilidade da técnica e a habilidade do operador podem interferir diretamente no
resultado do tratamento proposto, ressaltando a importância da facilidade de
aplicação e manuseio do material (PIEPER et al., 2009). Contudo, os relatos
encontrados disponíveis sobre a avaliação dessas propriedades ainda apontam
limitações como a padronização dos métodos de avaliação o que muitas vezes
restringe a comparação de resultados desses ensaios (CIFTCI et al., 2009;
HAGEMEIER et al., 1990).
A literatura apresenta relatos de falhas (MARKOSE et al., 2016) destes
restauradores temporários convencionais, que tornam interessante a modificação
com incorporação de monômeros resinosos e fotoiniciadores (WANG et al., 2017).
Restauradores à base de resina possibilitam um novo desempenho químico e
mecânico, além disso podem favorecer um melhor resultado estético (ADNAN;
KHAN, 2016, DOS SANTOS et al., 2014). A superação das limitações dos
restauradores temporários já existentes no mercado ainda é uma busca nos grupos
de pesquisa de materiais odontológicos (FERRACANE; GIANNOBILE, 2014),
reforçando a importâcia de que os motivos da falha sejam identificados,
assegurando o sucesso no final do procedimento, desde a inserção desse material
em cavidades até a exposição a estresses como a mastigação (CHARLTON; TIBA;
RAGAIN, 2008).
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Na maioria dos casos, os materiais restauradores temporários convencionais
avaliados buscam as mesmas propriedades e são semelhantes em suas indicações,
porém falham em aspectos que podem interferir diretamente no sucesso clínico,
como boa vedação da interface dente-cimento (contra infiltração marginal) e boa
vedação do próprio cimento (contra porosidade) (MARKOSE et al., 2016). A garantia
de que o material apresente bons resultados quanto a grau de conversão ou sorção
e solubilidade, por exemplo, pode ser o diferencial na finalização do tratamento, haja
vista que são fatores que intereferem diretamente no desempenho do material e
que podem garantir que não haja perda da restauração em um período curto de
tempo (BUSATO et al., 2011). Além de superar limitações encontradas nos
restauradores temporários disponíveis no mercado, outra proposta que tem
dispertado bastante interesse nesse contexto é a adição de íons a composição
destes materiais, potencializando-os (ZHANG et al., 2011; ZHANG et al., 2016) e
somando a eles propriedades como efeito remineralizante ou antimicrobiano
(SARAVANAPAVAN et al., 2004). Tal perspectiva já tem sem revelado promissora
com resultados em que materiais com adição de flúor interferem diretamente no
processo de desmineralização

(SHIIYA et al., 2016). Entretanto, existem

questionamentos ainda a serem respondidos nesse contexto, o que torna relevante
a discussão e aprofundamento.
Desta forma os objetivos deste estudo foram: (1) revisar sistematicamente os
materiais restauradores temporários resinosos e comparar seu desempenho ao dos
restauradores temporários convencionais (como cimentos à base de óxido de zinco
e cimentos de ionômero de vidro). (2) avaliar o desempenho físico-químico de um
restaurador temporário resinoso experimental com diferentes formulações e
potencial efeito liberador de íons cálcio e flúor. As hipóteses testadas foram: (1) Os
restauradores temporários resinosos apresentam propriedades físicas semelhantes
às propriedades dos materiais restauradores temporários convencionais; (2) O
desempenho

físico-químico

das

diferentes

formulações

experimentais

dos

restauradores temporários resinosos é semelhante.
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2. Capítulo 1

Artigo 1

Are the resin-based temporary restorers performance comparable
conventional materials? A systematic review and meta-analysis.

to

Camila G. Duartea, Wellington L. O. da Rosaa, Suzanne M. de Almeidab, Adriana F. da Silva a, Evandro
Pivaa, Giana da Silveira Limaa.

ªGraduate Program in Dentistry, School of Dentistry, Federal University of Pelotas,
Pelotas/RS, Brazil.
b

School of Dentistry, Federal University of Pelotas, Pelotas/RS, Brazil.

Corresponding author:
Giana da Silveira Lima (gianalima@gmail.com)
Graduate Program in Dentistry
Federal University of Pelotas, UFPel.
457, Gonçalves Chaves St.
96015560. Pelotas/RS, Brazil.

Este artigo será submetido para a revista Journal of the Mechanical Behavior of Biomedical Materials, está formatado conforme as normas
da revista (https://www.journals.elsevier.com/journal-of-the-mechanical-behavior-of-biomedical-materials/)
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ABSTRACT

The aim of this systematic review was to analyze the physical properties of
resin-based temporary restorers when compared to conventional materials (such as
glass-ionomer cements and zinc oxide based materials). The PRISMA Statement
was followed for this report. In meta-analysis, a total of 23 articles were included.
Eight databases were selected (BBO, Cochrane, Ibecs, Lilacs, Pubmed, Scielo,
Scopus and Web of Science). The inclusion criteria were articles that investigated the
properties of resin-based temporary restorers compared to conventional materials.
The properties evaluated were: Microleakage, flexural strength, bond strength,
sorption and solubility, diametral tensile strength and compressive strength. The
RevMan 5.1 (The Cochrane Collaboration,Copenhagen, Denmark) was used to
statistical analyses considering p<0.05 as statistically significant. Resin-based
temporary restorers showed a higher and statistically significant different flexural
strength than conventional materials (p<0.05), while for microleakage they showed a
lower and statistically significant different microleakage than the conventional
materials (p<0.05). Resin-based temporary restorers also showed better results in
terms of hardness, sorption and solubility; and were similar to conventional materials
in relation to fracture resistance and compressive strength. In conclusion, resinbased temporary restorers showed better sealing ability and improved physical
properties regarding microleakage and flexural strength than conventional temporary
materials.

Keywords: temporary dental filling, dental materials, systematic review, temporary
dental restoration

13

1.

INTRODUCTION
Temporary restorative materials are routinely used in dentistry in a variety of

clinical applications: to temporarily restore cavities, to replace fractured restorations,
to seal endodontically treated teeth, to seal cavities that will receive indirect
restorations, to seal cavities of dental implant prostheses and others [8]. These
materials provides structure for the tooth during function and protect dental tissues
from exposure to oral cavity conditions [9, 10]. It is reported that an ideal temporary
restorative material must have good physical properties, be able to prevent
microleakage, increase fracture toughness [11], be dimensionally stable [10, 12],
present sufficient mechanical strength to maintain tooth integrity while in function, in
addition to promoting adequate sealing [13]. Besides, these materials need to be in
function and exposed to stresses such as chewing for times that may vary from few
weeks to several months [14, 15].
There are two main types of temporary materials: conventional and resinbased temporary restorers. The conventional temporary restorative materials include
glass ionomer cements and zinc oxide based materials [16, 17]. It was reported that
these materials could fail in aspects that may directly interfere in clinical success,
such as adequate sealing [18], fracture resistance, and color change [19]. To
overcome the limitations of conventional materials, resin-based temporary restorers
were introduced on the market [20]. They are related to materials that have the
incorporation of resinous monomers, methacrylate groups and photoinitiators
activated by light [21]. Studies that compared resin-based temporary restorers with
conventional temporary materials showed that the resinous ones may present a
lower infiltration and a good marginal seal, as well as improved physical properties
with a better aesthetic result [20] [22].
Although conventional temporary materials are still routinely used by
clinicians, the resin-based temporary restorers seem to have improved properties
that may enhance the clinical performance. The choice of the most appropriate
material should be associated with its indications and properties [23], and it is
important to identify the most appropriate properties for each clinical situation, as well
as reasons for failures in order to ensure success at the end of the clinical procedure
[14]. Therefore, the aim of this systematic review was to analyze the physical
properties of resin-based temporary restorers when compared to conventional
materials (such as glass-ionomer cements and zinc oxide based materials). The null
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hypothesis tested was that resin-based temporary restorers would present similar
physical properties than conventional temporary materials

2. MATERIALS AND METHODS
This systematic review is reported according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) statement [24].

2.1 Search Strategy
Two independent reviewers (CGD and WLOR) performed the literature search
until november of 2017 in eight databases: PubMed, Scielo, Scopus, BBO,
Cochrane, Ibecs, Lilacs, and Web Of Science. The search strategy used in PubMed
(MedLine) was adapted for use in the other databases (Table 1). After this initial
search, the references of articles selected also was analyzed. Papers were imported
to the Endnote X7 software (Thompson Reuters, Philadelphia, PA, USA) to remove
duplicates.

2.2 Study Selection
The title and abstracts of the studies identified from all databases were read
and assessed according the following eligibility criteria:
- Studies that compared the performance of resin-based temporary restorers with
conventional materials (glass ionomer cements and zinc oxide based materials).
- Case reports, case series and reviews were excluded.
- Studies published in language different than English were excluded.
Papers that apparently contemplated the inclusion criteria were selected for analysis
of the full-text manuscript. In case of doubt about the inclusion of the work, a third
reviewer was consulted (GSL). Only papers that fit all the inclusion criteria were
included.

15

2.3 Data extraction
The selected data were included in a standardized table using Microsoft Office
Excel Software 2013 (Microsoft Corporation, Redmond, WA, USA), recording the
demographic data (year and country), the property or method evaluated, the
materials used and the main conclusions of each study (Table 2). For those which
contained some information missing, the authors were contacted by email to retrieve
any missing data. Authors that did not respond to an attempted contact after two
weeks were contacted again by email. If no answer were received, the data were
excluded from this systematic review.

2.4 Assessment of risk of bias
Two reviewers independently assessed the methodological quality. All
included studies were analyzed and classified according to the following criteria
adapted from other studies[25-27]: random sequence generation, sample with similar
dimensions, presence of control group, blinding of outcome assessment, incomplete
outcome data, selective reporting and other bias (such as sponsorship by
companies).

2.5 Statistical analysis
The analyses were performed using Review Manager Software version 5.2
(The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark).
The global analysis for flexural strength (Figure 2) and microleakeage (Figure 3)
were carried out using a random-effects model, and pooled-effect estimates were
obtained by comparing the mean difference of each resin-based temporary restorers
with conventional materials. Subgroups analysis were performed for flexural strength
(Figure 2a and 2b) and microleakeage (Figure 3a and 3b) by comparing glass
ionomer cements and zinc oxide based materials with resin-based temporary
restorers . A p value < 0.05 was considered to be statistically significant. Statistical
heterogeneity of the treatment effects among studies were assessed using the
Cochran‟s Q test and the inconsistency I2 test.
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3. RESULTS
3.1 Search strategy
Initially, 4569 pertinent records have been identified from all data records. The
flowchart (Figure 1) summarizes the selection process of the works according to the
PRISMA Statement [24]. The duplicates were removed and then the titles and
abstracts of 2512 papers were examined. In this process 2482 studies were excluded
because they did not fulfill the eligibility criteria, and 30 studies were retrieved for full
text reading. Of these, 7 were excluded because they do not available the proprieties
or do not compared conventional materials with resin-based temporary restorers [17]. Of these, 23 papers were included in this review for qualitative analysis and 12
were excluded from the meta-analysis because they did not present quantitative data
for the methodologies evaluated that could enable the meta-analysis.

3.2 Descriptive analysis
The included studies were published between 1990 and 2016. Six different
commercial resin-based temporary restorers were identified and are described in
Table 3, such as two experimental materials. Twenty-one studies evaluated
microinfiltration [20, 22, 23, 28-39] or sealing ability [10, 11, 18, 40-42], and one of
them evaluated microbial leakage [43]. The studies that evaluated microinfiltration
mostly performed dye penetration and microscopy analysis, and presented their
results through averages (mm) or pre-established scores [10, 11, 30, 35-38, 40, 42].
Only one study evaluated the hardness of the tested materials (Knoop)[14], likewise
only one study evaluated sorption and solubility [42]. One study evaluated bond
strength [44]. Fracture mode [11,44] was evaluated by optical microscope at 40x and
in a microscope with 320 magnification [44]. Compressive strength was also
evaluated by one study [14]. Additionally, two studies evaluated flexural strength
(three points) [11, 14], and another study evaluated flexural modulus [14].
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3.3 Risk of bias of included studies
Regarding the quality of assessment (Figure 4), all the 23 studies reported
random sequence generation and sample with similar dimensions. The majority of
the studies presented a low risk of bias regarding the presence of the control group,
incomplete outcome data, selective reporting and other bias. Twenty five percent of
the authors reported blinding in the study.

3.4 Meta-analysis
Nine studies were included in the meta-analysis of microleakage, and two
studies in the analysis of flexural strength. The overall mean difference (Figure 2c)
for flexural strength was 43.53 [95% CI 21.23 to 65.83], meaning that resin-based
temporary restorers showed a higher and statistically significant different flexural
strength than conventional materials (p<0.05). Subgroup analysis for zinc oxide
based materials (Figure 2a) and glass ionomer cement (GIC) also showed that both
materials presented a lower flexural strength than resin-based temporary restorers
(p<0.05) (Figure 2b). Considerable heterogeneity was observed in all analysis (I2 >
90%), and due to this random effect model was used in all analysis.
Regarding microleakage, the overall mean difference (Figure 3c) was 0.70
[95% CI 0.25 to 1.16], and resin-based temporary restorers showed a lower and
statistically significant different microleakage than conventional materials (p<0.05).
Considerable heterogeneity was observed (I2 > 90%). Subgroup analysis for zinc
oxide based materials (Figure 3a) and GIC (Figure 3b) also showed statistically
significant differences between groups (p<0.05).

4. DISCUSSION
Temporary restorative materials have their properties exploited aiming their
application in many areas as operative dentistry, prosthetic dentistry, pediatric and
others [17, 45, 46].

In vitro studies have showed that resin-based temporary

restorers present different sealing ability and physical properties for microleakage
and flexural strength than conventional temporary materials. However, only few
studies evaluated the fracture resistance and compressive strength, and they
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showed that both materials were similar regarding these properties. Due to these, the
hypothesis tested was partially accepted.
Regarding sealing ability, the use of a suitable temporary restorative material
to properly seal the cavity between endodontic visits is imperative for the success of
a treatment [42, 47, 48]. The included studies reported that resin-based temporary
restorers such as Fermit-N, CLIP and Bioplic presented better sealing capacity than
conventional temporary materials [18, 20, 22]. This may be related to the hygroscopic
properties of these materials, allowing absorbing water. This expansion provides a
better adaptation to the walls of the endodontic accessed cavity, providing adequate
sealing [19]. In addition, it was reported that a minimum thickness of 3.5 mm to 4 mm
of the resin-based temporary restorer is required when placed in an endodontic
accessed cavity to ensure adequate sealing and adequate prevention of
microleakage [41, 49].
Considering the types of temporary restorative materials discussed above, we
can point out differences in the results found within the microleakage evaluation. Of
the twenty-one studies that evaluated microleakage, regardless of the method used,
nineteen authors compared the performance of resin-based temporary restorers in
relation to zinc oxide based materials. Within these, ten authors pointed out the resinbased temporary restorers showed better or similar sealing ability [10, 18, 30, 32, 3438, 42]. When resin-based materials were compared to glass ionomers cements, the
vast majority of authors pointed out a superiority of resin-based restorers
performance [10, 11, 20, 22, 30, 42]. The microleakage analysis was characterized in
the studies selected for non-standardization of the tests, considering the different
methodologies found. In the majority of studies, this property was evaluated through
the leakage of dyes such as methylene blue and silver nitrate [18, 30, 35], which are
a quick and cheap test [50]. However, they were not standardized for immersion
times and concentrations of the products used, which may interfere in the
comparison of the results of these trials and limit the extrapolation of the results
found. Many authors also evaluated the microleakage through pre-established scores
[10, 11, 30, 35-38, 40, 42] within their methodologies, which made it impossible to
include these works within the meta-analysis. It was previously reported that
microleakage is not directly related to secondary caries lesions development [51, 52].
Additionaly, there may be an association between lesion development and biofilm
accumulation on restoration failure [53], so it is important that the material presents a
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properly surface smoothness, for example, in order to avoid biofilme accumulation
[51]. Thus, bacterial colonization could be facilitated on the margins of restorations
due to differences in surface roughness between dentin, enamel and material [54].
Besides, the performance of materials in periods greater than sixty days were not
evaluated regarding microleakage [28], and in some clinical situations the temporary
material could be maintained in periods of 6 to 12 months [15].
Resin-based temporary restorers are photoactivated, and less sensitive to the
technique, overcoming deficiencies presented by zinc oxide based materials and
glass ionomer cements with longer setting times [18, 32]. Additionally, conventional
materials usually require the operator's ability to manipulate in optimal proportions,
which could affect the physical properties if not handled properly [42]. Moreover, the
absence of eugenol in some zinc oxide formulations ensures a better result in the
event of a subsequent substitution of the composite resin restoration [55]. One of the
limitations of using these materials is that the presence of residual eugenol interferes
in the polymerization process of composite resins that may be the choice for a final
restoration if zinc oxide is used as intermediate restorer [56], and could result in the
failure of the proposed treatment [57].
Regarding physical properties, a premixed noneugenol temporary filling
material compared to a conventional GIC and a resin-based temporary restorer
showed a lower flexural strength compared to these materials, which were similar to
each other [11]. An experimental resin based material [14] showed better results in
flexural strength when compared to zinc oxide based materials and glass ionomer
cements, revealing a material with higher rigidity. The experimental material was a
new type of interim restorative material, a resin-containing glass ionomer material
called the forward-deployable dental dressing (FDDD). Although GIC has a good
performance in terms of flexural strength, and still has the advantage of adhesion to
dental tissue [18], the temporary resin restorer has advantage of photoactivation, that
can avoid the risk of exposure to moisture and consequently compromise other
physical properties [24, 34]. The proposed experimental formulation (FDDD) also
showed good performance at flexural strength, beyond good compressive strength,
diametral tensile strength and flexural modulus, with better results compared to glass
ionomers cements and zinc oxide based materials evaluated [14]. When evaluated
for sorption and solubility, resin-based temporary restorers showed better results
considering a short-term evaluation [42]. This characteristic may be associated with
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the resinous base of the material that has different patterns of water absorption that
involves the

hydrophilicity of

the monomers [58].

Furthermore, a

higher

polymerization of this material before coming into contact with moisture, compared to
the conventional materials, allows a smaller number of molecules to be available to
absorb water [59]. Also, a higher degree of conversion may lead to a higher
material‟s stability in relation to the hydrolysis degradation phenomena [59].
However, further studies at long-term are need to evaluate if sorption and solubility of
resin-based temporary restorers does not decrease. Besides, in order to conclude
that the use of resin-based temporary restorers for a longer period is feasible, more
studies are needed to better evaluate their performance, specially regarding color
change, maintenance of its mechanical properties and degradation, which it have
been reported as disadvantages of some formulations of these restorers [60].
In general, resin-based temporary restorers showed similar or better physical
properties when compared to conventional materials, with the improvement of
controlling the working time by photoactivation of the material. However, the high risk
of bias found some parameters such as blinding and the heterogeneity of the studies
emphasize the need for further well-designed in vitro studies. Also, in vitro and
clinical evaluations at long-term are still necessary, specially because temporary
materials may need to stay at oral cavity for longer periods depending of the clinical
situation and the patient's return to the dentist. Finally, to the best of our knowledge
this is the first review that evaluated the performance of resin-based temporary
restorers, and demonstrated that they can be good treatment options to conventional
materials.

5. CONCLUSION
Resin-based temporary restorers showed better sealing ability and improved
physical properties regarding microleakage and flexural strength than conventional
temporary materials. Also, both materials showed similar fracture resistance and
compressive strength. However, considering the heterogeneity found and the lack of
clinical trials and evaluations at long-term, further studies are still needed to elucidate
if these restorers are comparable to conventional materials in clinical situations.
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Table 1 - Search strategy used in PubMed (MedLine).
Search Terms
#3

Search #1 AND #2

#2

(Bioplic) OR (Applic Maquira) OR (Systemp.inlay) OR (Systemp.onlay) OR (Provimaster F
Wilcos) OR (Fill Magic Tempo) OR (Clip Flow Voco ) OR (Clip F Voco)

#1

(Restoration, Temporary Dental) OR (Temporary Dental Restoration) OR (Temporary Dental
Restorations) OR (Dental Restorations, Temporary) OR(Restorations, Temporary Dental) OR
(Dental Prosthesis, Temporary) OR (Dental Prostheses, Temporary) OR (Prosthesis, Temporary
Dental) OR (Temporary Dental Prostheses) OR (Temporary Dental Prosthesis) OR (Dental
Fillings, Temporary) OR (Temporary Dental Fillings) OR (Temporary Dental Filling) OR (Dental
Filling, Temporary) OR (Filling, Temporary Dental) OR (Fillings, Temporary Dental) OR (Dental
Atraumatic Restorative Treatment) OR (Atraumatic Restorative Treatment, Dental)
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Table 2. Description of demographic data, tested materials and methodology

Property/Method

Microleakage

Author,
year

Adnan,
2016

Bakhordar,
1990

Bello, 2014

Ciftci, 2009

De Castro,
2013

Materials non-resinous

Materials resinous

Cavit (3M ESPE, Seefeld,
Germany)
IRM (Dentsply, Milford DE,
USA)
Cavit (3M ESPE, Seefeld,
Germany)
IRM (Dentsply, Milford DE,
USA)

Clip (Voco,
Germany)

Conclusions

Cuxhaven, Clip F decreased the chances of
microleakage and fluid penetration at
the
temporary
restoration
and
permanent filling interface.
TERM
(L.D.
CaulklkThe design of cavity preparation was
Company, Milford,
not a functional parameter in leakage
Delaware)
pattern. Results indicated that Cavit
had the best sealing ability, whereas
IRM showed the maximum dye
penetration.
Cimtap N (Septodont, Saint Bioplic (Biodinâmica, PR, Cimtap N presented the lowest
Maur des Fosses. France)
Brazil)
microleakage score; Bioplic presented
Vidrion
R
(SS
White,
a lower microleakage score compared
Petropolis, Brazil)
to GIC.
Cavit-G (3M ESPE, Seefeld,
Germany)
Ketac Molar Easymix (3M
ESPE, Seefeld, Germany),
IRM (Dentsply, Milford, DE,
USA)
Ketac N 100 (3M ESPE, SP,
Brazil)
Vitremer (3M ESPE, SP,

Clip (Voco,
Germany)

Cuxhaven, Clip and Cavit-G showed similar
marginal leakage.

Bioplic (Biodinâmica, PR, The GIC presented the lowest
Brazil)
microleakage values. However, none
Clip F (Voco, Cuxhaven, of the tested materials was able to

Included in
meta-analysis
(M) and
evidence
synthesis (E)
M

E

M

E

M
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Brazil)
Deveaus,
1992

Cavit (3M ESPE, Seefeld,
Germany)
IRM (Dentsply, Milford DE,
USA)

Dos
Santos,
2014

Cimtap Branco (Septodont,
Lancaster, USA)
Maxxion R (FGM, Santa
Catarina, Brazil)

Hagemeier, Cavit
(ESPE-Premier,
1990
Norristown, PA)
IRM (Dentsply, Milford DE,
USA)
Ketac-Silver (ESPE-Premier,
Norristown, PA)
Hansen,
IRM (Dentsply, Milford DE,
1993
USA)

Hosoya,
2000

Cavit (3M ESPE, Seefeld,
Germany)
Coltosol
(Coltene
AG,
Altstatten,
Switzerland),
Eugedain (ZOE) (Showa
Yakuhin Kako Co., Tokyo,
Japan),
Crown & Bridge-Inlay(ZOP)

Germany)

prevent microleakage for a long period
of time.
TERM
(L.D.
CaulklkBefore and after thermocycling, IRM
Company, Milford,
was less !eakproof than Cavit and
Delaware)
TERM. Thermocycling aggravated
percolation in the case of IRM, and
decreased the tightness of Cavit,
whereas TERM remained leakproof.
Bioplic (Biodinâmica, PR, Cimpat Branco had a lower percentage
Brazil)
of microleakage in comparison to
Bioplic and Maxxion R glass ionomer
cement.
TERM
(L.D.
Company,Milford,
Delaware)

CaulklkFive materials were evaluated for
microleakage when used as temporary
endodontic restorations. TERM, Cavit,
and the IRM-Cavit “sandwich” had
virtually no leakage and significantly
less than IRM or Ketac-Silver.
TERM
(L.D.
CaulklkTERM maintained as tight a seal at 1-,
Company, Milford,
2-, and 3-mm thicknesses as it did at 4
Delaware)
mm and may be suited for clinical
situations where less than 4 mm of
restorative space exists.
Fermit (Ivoclar Vivadent, The optimum sealing results were seen
Schaan, Liechtenstein)
with Cavit and Coltosol hydraulic
temporary materials, followed by
Fermit resin and lastly by the ZOE and
ZOP cements in the experimental
groups.
There was a significant
difference of dye microleakage of Cavit
and Coltosol materials compared with

M

M

E

E

E

29

(GC Co., Tokyo, Japan)

Jacquot,
1996

Koagel,
2008

Markose,
2016

Cavit G (3M ESPE, Seefeld,
Germany)
IRM (Dentsply, Milford DE,
USA)
Cavit (3M ESPE, St Paul,
MN)
IRM (Dentsply, Milford DE,
USA)
Tempit (Centrix, Inc. Milford,
Conn.)

Cavit-W (3M ESPE, Seefeld,
Germany)
ZnOE
IRM (Dentsply, Milford DE,
USA)

Melton,
1990

Cavit (Premier Dental Co.,
Norristown, Pa.)

Noguera,
1990

Cavit, Cavit-G, Cavit-W (3M
ESPE, Seefeld, Germany)

the Fermit resin, and between the
cements and the resin.
Fermit
(Vivadent, The results showed that the IRM group
Schaan, Liechtenstein)
was significantly more watertight than
the Fermit-N group and much more
than the Cavit G group .
Tempit Ultra F (Centrix, All temporary restoration materials
Inc. Milford, Conn.),
displayed some degree of leakage.
Statistical analysis indicated there
were
no
statistically
significant
differences between Tempit Ultra-F
and Tempit or between Cavit, IRM, and
Tempit.
Statistically
significant
difference between Tempit Ultra-F and
Cavit and IRM.
Fermit N (Vivadent Ets., Dye penetration was observed in the
Schaan, Liechtenstein)
entire specimen except in the negative
control group. Fermit‑N showed better
sealing ability compared to all other
materials used in the study. Cavit‑W
was the second best material. ZnOE
showed better sealing properties than
IRM. IRM showed the maximum dye
penetration of all the materials.
TERM
(L.D.
CaulklkPhase I and II results indicate
Company, Milford,
significant diferences between coronal
Delaware)
microleakage observed in teeth
restored with Cavit versus those
restored with TERM.
TERM (L. D. Caulk Co.)
TERM exhibited the least leakage,
Hard-TERM
while Hard-TERM demonstrated the

M

E

M

M

M
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Odabas,
2009

Pieper,
2009

Suehara,
2006

Tulunoglu,
2005

Uctasli,
2000

IRM, IRM-Caps (Dentsply,
Milford DE, USA)
Dentemp (Majestic Drug Co.,
Bronx, NY)
IRM (Dentsply, Milford DE,
USA)
Coltosol (Coltone, Swiss)
Cavit G (3M ESPE, Seefeld,
Germany)
Adhesor
(Spofa
Dental,
Czech Republic)
Cavit (3M ESPE, Seefeld,
Germany)
IRM (Dentsply, Caulk USA)
Vidrion
(SS
White,
Petropolis, Brazil)
Caviton (GC, Tokyo, Japan)
Temporary Pack (GC, Tokyo,
Japan)
Neodyne-α α（Neo Dental
Chemical Products, Tokyo,
Japan)
IRM (Dentsply, Milford DE,
USA)
Coltosol
(Coltene,
Switzerland)

(Experimental)

Clip (Voco,
Germany)

greatest leakage, at
restoration interface.

the

tooth-

Cuxhaven, Clip F exhibited the best sealing ability.

E

Bioplic (Biodinâmica, PR, Bioplic produced the best marginal
Brazil)
seal, and was associated with the
lowest water sorption, solubility and
loss of mass.

E

TERM
(Dentsply/Maillefer,
Tulsa, OK, USA）

M

Neodyne-α and TERM exhibited
significantly higher wear resistance
compared to Caviton and Temporary
Pack. Neodyne-α exhibited the lowest
mean value of dye penetration among
the materials tested.
Clip (Voco, Cuxhaven, CLIP F provided a better seal against
Germany)
microleakage
at
amalgam
and
especially composite interfaces. This
material also provided a better seal
against microleakage at the tooth
tissue interface.
Coltosol
(Coltene, Fermit/Fermit-N (Ivoclar There was no significant difference in
Switzerland)
Vivadent, Lichstenstein)
the microleakage cobserved in the high
Algenol(Kem-Dent, England)
elasticity light-cured resin composite
IRM (Dentsply, Milford DE,
(Fermit) versus the low elasticity light-

E

E
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USA)
Uranga,
1999

Cavit (3M ESPE, Seefeld,
Germany)

Flexural
Strength
Bello, 2014

Cimtap N, Vidrion R

Charlton,
2008

Fuji IX GP Fast, IRM
(Dentsply,
Caulk
USA),
Ketac-Molar Quick

Bond Strength

Erdemir,
2008

Hardness

Charlton,
2008

Fracture
Resistance

Bello, 2014

cured resin composite (Fermit-N)
groups.
Fermit (Ivoclar Vivadent, Dyract and Tetric, showed significantly
Lichstenstein).
greater sealing ability when used to fill
Dyract
(Denstply-De provisional access cavities than did the
Trey,
Konstanz, traditional products Cavit and Fermit.
Germany)
Tetric (Ivoclar Vivadent,
Lichstenstein).
Bioplic (Biodinâmica, PR, GIC may be considered to restore
Brazil)
weakened teeth subjected to occlusal
loads. Bioplic and Cintamp N are better
choices to microleakage in teeth not
subjected to mechanical stresses.
The FDDD was significantly stronger in
flexure than the other materials and
FDDD
had a greater flexural modulus than
IRM and Ketac-Molar Quick.
Clip (Voco, Cuxhaven, Eugenol-containing
cements
Germany)
significantly reduced shear bond
strengths of composite to composite.

Cavex (Holland), Cavit G (3M
ESPE, Seefeld, Germany),
IRM (Dentsply, Caulk USA),
Adhesor
(Spofa-Dental,
Germany),
Argion
Molar
(Voco, Germany)
Fuji
IX
GP
Fast,
IRM(Dentsply, Caulk USA), FDDD
Ketac-Molar Quick

For hardness, all of the materials
differed from each other and the FDDD
had the third highest hardness.
GIC presented the higher fracture
Bioplic (Biodinâmica, PR, resistance and this should be
Cimtap N, Vidrion R (SS
Brazil)
considered when selecting a temporary
White, Petropolis, Brazil)
material to restore highly weakened
teeth subjected to direct occlusal

E

M

M

E

E
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Erdemir,
2008

Clip (Voco,
Germany)
Cavex (Holland), Cavit G (3M
ESPE, Seefeld, Germany),
IRM (Dentsply, Caulk USA),
Adhesor
(Spofa-Dental,
Germany),
Argion
Molar
(Voco, Germany)

loads.
Cuxhaven, The predominant mode of failure
except groups 3 and 4 (Cavex, Holland
and IRM, Dentsply, USA) was
cohesive in the old composite surface
(type II). Cohesive failure in the
composite build up (type III) was
observed in a few samples of all
groups. The samples contacting
eugenol-containing temporary filling
materials showed mostly type I failure
(bonding system failure).

E

Compressive
Strength

Charlton,
2008

Fuji IX GP Fast (GC
America), IRM (Dentsply,
Caulk USA), Ketac-Molar
FDDD
Quick (3M ESPE, Seefeld,
Germany)

Compressive strength results indicated
that IRM was weaker than the other
three materials, none of which differed
significantly from the others.

E

Sorption and
solubility

Pieper,
2009

E

Diametral
Tensile Strength

Charlton,
2008

Cavit (3M ESPE, Seefeld, Bioplic (Biodinâmica, PR, Bioplic produced the best marginal
Germany)
Brazil)
seal, and was associated with the
IRM (Dentsply, Caulk USA)
lowest water sorption, solubility and
Vidrion
(SS
White,
loss of mass.
Petropolis, Brazil)
Fuji IX GP Fast (GC
The FDDD had the greatest diametral
America), IRM (Dentsply,
tensile strength. The FDDD and KetacCaulk USA), Ketac-Molar
Molar Quick were significantly stronger
FDDD
Quick (3M ESPE, Seefeld,
than the other two materials.
Germany)

*FDDD (Experimental of )Naval Institute for Dental and Biomedical Research , ZOE (Zinc Oxide Enguenol), GIC (Glass Ionomer Cement), IRM
(Interim Restorative Material)
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Table 3. Composition of resin-based temporary restorers evaluated in the included
studies.
Resinous Material

Composition

Bioplic (Biodinâmica, PR, Brazil)

Silicium dioxide, dimethacrylates, inorganic filler

Clip F (Voco, Cuxhaven, Germany)

Hydroxyethylmethacrylate,
butylhydroxytoluene,
acrylate ester, polymers UDMA, DDMA, polymers,
Fluoride

FDDD (Naval Institute for Dental and Powder: Aluminofluorosilicate glass, silica, barium
Biomedical Research)
Liquid: Acrylate/methacrylate monomer, phosphate
ester methacrylate, camphorquinone

Fermit / Fermit N ( Ivoclar Vivadent, Dimethacrylates Highly dispersed silicon dioxide
Schaan, Liechtenstein)
Tempit Ultra F (Centrix, Inc. Milford, Non Eugenol containing, light-activated diurethane
Conn.)
dimethacrylate resin microfilled with 30% silicon dioxide,
fluoride
Term (L.D. Caulk Company, Milford, Urethane dimethacrylate polymer, radiopaque filler,
Delaware)
pigments, and initiators.
Hard-Term (L.D. Caulk Company, Experimental modification of the TERM formulation Milford, Delaware)
based on Urethane dimethacrylate polymer, radiopaque
filler, pigments, and initiators.
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Figure 1. Flowchart of article selection process according to Prisma Statement.

PRISMA 2009 Flow Diagram

Identification

Studies identified by database:
Records identified through
database searching
(n = 4569 )










Eligibility

Screening

Records after duplicates removed
(n =2512 )

Records screened
(n = 2512 )

Full-text articles assessed
for eligibility
(n = 30 )

Included

Full-text articles assessed for
elegibility
(n = 23 )

Studies included in
qualitative synthesis
(n = 12 )

Pubmed : 2196
Cochrane : 203
Web of science : 225
Scopus : 1803
Scielo : 35
Lilcas : 63
Bbo : 38
Ibecs : 6

Records excluded
(n = 2482 )

Full-text articles excluded, with reasons
(n = 7)

 7 studies do not available the
proprieties or do not compared
conventional materials with resinous
restorative materials


2 do not available physical
properties of resinous restorative
materials [1, 2]

 7 did not compare conventional
materials with resinous restorative
materials [3-7]

Studies included in
quantitative synthesis
(meta-analysis)
(n = 11 )
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Figure 2. Meta-analysis results for flexural: a. Zinc oxide showed lower and
statistically significant flexural strength than temporary resinous materials (p<0.05); b.
Glass-ionomer cements showed lower and statistically significant flexural strength
than temporary resinous materials (p<0.05); c. Global analysis demonstrated that
non resinous materials presented a lower flexural strength than temporary resinous
materials (p<0.05).
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Figure 3. Meta-analysis results for microleakage: a. zinc oxide showed higher and
statistically significant microleakage than temporary resinous materials (p<0.05); b.
GIC showed higher and statistically significant microleakage than temporary resinous
materials (p<0.05); c. global analysis demonstrated that non resinous materials
presented a higher microleakage than temporary resinous materials (p<0.05).

37

Figure 4. Risk of Bias
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Abstract

Objectives: the objective of this study was to evaluate the physicochemical
performance of an resin restorative experimental with different formulations and
potential release effect of calcium and fluoride ions.
Methods: an experimental resin base (ER),it was formulated with: exotane 9, BisEMA30, UDMA, EDAB, camphorquinone

and silica particles Eight experimental

groups were formulated by adding, 5% wt of following compounds to the base
formulation: calcium chloride, sodiium fluoride, calcium phosphate, calcium
hydroxide, calcium methacrylate, calcium nitrate, or mineral trioxide aggregate. Base
formulation without calcium or fluorinated compounds was used as control. All
materials were analyzed Degree of Conversion, Dimensional Stability, Depth of
Polymerization, Sorption and Solubility, Cohesive Strength, Fluoride and Calcium
Release, Cariogenic Challenge. The statistical analysis considered a significance
level of α = 0.05 was established for all analyzes.
Results: the calcium hydroxide group (ERCH) presented significantly higher degree
of conversion than the other groups (92,7 ±3,3). The polymerization depth (mm) was
significantly higher in the ER group (14.2±3,1). Commercial materials did not present
fluoride release, the experimental

fluoride group material

(ERF) presented

in

release up to 30 days, with a higher release between the first and third days (> 10
ppm). About the release of calcium, the nitrate calcium group (ERCN) presented
initial release of calcium of approximately 9 ppm, oscillating and maintaining the
release until the 30 days of follow-up. For the results for cohesive strength (MPa),
ERCH showed significantly higher results.
Significance: The combined incorporation of components with potential release of
calcium and fluoride ions in the temporary resin restorers tested reduced the
percentage of enamel surface hardness change when submitted to cariogenic
challenge, without loss desirable physicochemical properties.

Keywords: Temporary dental restoration, tooth remineralization, temporary dental
filling, dental enamel solubility
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1.

Introduction

Balancing the oral medium and minimizing the damage caused by caries
disease are an ongoing pursuit within the treatments proposed to patients considered
caries-active. Although in most developed countries its prevalence has declined, this
disease remains an important public health problem [1]. An approach for treating
caries affected teeth is based on the excavation of caries cavities and filling with
temporary restorative material [2]. In this context, the restoration of cavitated caries
lesions is extremely relevant and the use of temporary restorative materials capable
of inhibiting the demineralization process and promoting remineralization is strongly
recommended [3] and open a space for searching more effective materials with such
characteristics [1].
Currently, a wide variety of materials are used for temporary restorations.
They include zinc oxide eugenol based materials, calcium sulfate based materials,
glass ionomer materials and composite resin based materials. Resin based materials
were recently introduced to overcome some disadvantages related to the other types
of temporary materials, like low mechanical properties, low abrasion resistance, high
solubility and removal difficulty [4], however, this type of temporary restorative
materials lacks of bioactive properties [5]. In this context, they have been explored
some new additives to promote bioactive activity, these include the use of fluorides
and calcium derivatives[6], which could have a potential effect of stabilizers of the
buccal environment [2].
Glass ionomer cement is a material now seen as a gold standard within the
group of temporary restorative materials, especially in the case of atraumatic
restorative treatments [2] and in cases where the suitability of the oral health is
paramount for the success of the treatment. Glass ionomer cement is characterized
by the release of fluorides [7]. This characteristic, together with its easy adhesion to
the tissues, make it a reference in this branch. However, the material is limited such
as the need mix powder and liquid until homogeneous, which may be the differential
in the application of the material if not done correctly. Single bottle materials,
because they are easier to handle, are widely indicated in clinical practice. The
operator, who in many cases works alone without the help of a second professional,
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needs to be attentive to the field of work so that it remains clean and dry until the
material is inserted, which makes it difficult to spatulate materials such as case of
two-bottle products. In this context, normally the patient presents several needs that
can be addressed in the same consultation, which is more feasible if a material that
does not need predefined powder / liquid ratios is used.
Thus, the objective of this study was to evaluate the incorporation of calcium
and fluorinated compounds on the physico-chemical and remineralizating properties
of an experimental resin-based temporary material. performance of an

resin

restorative experimental with different formulations and potential release effect of
calcium and fluoride ions. The null hypothesis to be tested is that the physicochemical and remineralizing properties of the different experimental formulations of
the temporary resin restorers is similar.

2.

Material and Methods

2.1 Experimental Design
This in vitro study involved a completely randomized and blinded design,
considering the effect of different compositions resin-based temporary retorers on the
chemical and mechanical properties. The formulation of the materials and the
preparation of the samples were done according to each test, following the
calculation necessary for each one of them. The factor under investigation was
„„resin-based temporary retorers compositions‟‟; a experimental resin base (ER), and
experimental resin base with the following additions: Aggregate Mineral Trioxide
(ERMTA), calcium methacrylate (ERCM), calcium chloride (ERCC), calcium nitrate
(ERCN), calcium hydroxide (ERCH), calcium phosphate (ERCP), calcium chloride and
fluoride (ERCC+F), fluoride (ERF) and a commercial resin-based temporary restorative
material, Clip F (Voco). The response variables assessed were degree of conversion,
depth of polymerization, sorption and solubility, release of calcium and fluoride,
dimensional stability and cohesive strength. Also, the enamel surface hardness
change after microcosmos biofilm model was evaluated to the following groups:
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Experimental resin base (ER), Aggregate Mineral Trioxide (ERMTA), calcium
methacrylate (ERCM), calcium chloride (ERCC) and Clip F(Voco).

2.2 Materials
The experimental base included a base resin with exotane 9 (E9) (Esstech®,
Inc.),

bisphenol a glycyl dimethacrylate ethoxylate (Bis-EMA) (Esstech®, Inc.),

urethane dimethacrylate (UDMA) (Esstech®, Inc.), co-initiator ethyl-4-dimethylamino
benzoate (EDAB) (Sigma-Aldrich®) and camphorquinone photoinitiator (CQ)
(Esstech®, Inc.), BHT (butylated hydroxytoluene) and silica particles aerosil 380
(Vetec Quimica, Sigma-Aldrich®). Eight experimental groups were formulated by
adding, 5% wt of following compounds to the base formulation: calcium chloride
(Synth®), sodiumium fluoride (Vetec Quimica, Sigma-Aldrich®), calcium phosphate
(Synth®), calcium hydroxide (Synth®), calcium methacrylate (abcr GmbH & Co.KG),
calcium nitrate (Synth®), or mineral trioxide aggregate (MTA®) in powder (Angelus
Indústria de Odontológicos S / A, PR, Brazil). Base formulation without calcium or
fluorinated compounds were used as control.

2.3

Degree of Conversion

The experimental and control materials (n = 3) had the degree of conversion of
monomers converted into polymer measured by Fourier Transform Infrared
spectroscopy (FTIR, Shimadzu Prestige21, Shimadzu, Tokyo, Japan), equipped with
attenuated total reflectance (ATR) and a diamond reader with 45 ° angled mirrors
(PIKE Technologies, USA). A bracket was attached for fixing the photoactivating unit,
a light emitting diode (LED Valo®; Ultradent Products, Inc.), with a distance of 2 mm
between the equipment and the material. The irradiance of the LED was measured
by means of a portable radiometer. Each sample was dispensed directly into the
crystal in small amounts, followed by photoactivation for 40s, time recommended by
the manufacturers of the commercial materials and this time of photoactivation was
also applied in the experimental materials. The analysis was performed in an
environment with controlled temperature of 24ºC and relative humidity <60%
conditions. The degree of conversion (DC) was calculated considering the intensity of
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the stretching type vibration of the carbon-carbon double bond at the 1635 cm-1
frequency [8] and the C=C aromatic stretching band at 1609 cm−1 as internal
standard. Statistical analysis for DC was performed using One Way Analysis of
Variance and Tukey test. The level of significance was set at p<0.05.

2.4

Dimensional Stability
Three cylindrical specimens (n=3) were prepared for each evaluated group

(3.58 mm thickness x 3 mm diameter). After removing from the mold, the samples
had their surfaces polished with 600 mesh silicon carbide sanding and the initial
tickness and diameter was mensured using a digital caliper (Mitutoyo Sul Americana
Ltda, Santo Amaro, São Paulo, Brazil). Subsequently they were stored in distilled
water at 37 ° C for 30 days. After this storage period, the specimens were removed
from the distilled water, dried and the final tickness and diameter was mensured [9].
The percentage of dimensional stability (DS) was calculated according to the
formula:
DS = [((L30-L)) / L] × 100
(L is the initial sample length in mm and L30, the length in mm after 30 days.)
The comparisons between groups were performed using One Way Analysis of
Variance and Tukey's test

2.5 Depth of Polymerization
A metal matrix with cylindrical molds (3 mm diameter X 12 mm height) was
used. The molds were filled with the restorative material (n=3), covered with a
polyester strip and irradiated for 20 seconds. The material was removed from the
mold and the uncured material was removed. The portion of the cured material was
measured with a digital caliper and the specimen was measured (n = 3) [10-12] . To
evaluate the depth of polymerization (DP) the statistical analysis was performed
using One Way Analysis of Variance and Tukey's test (p<0.05).
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2.6

Sorption and Solubility
The specimens (n = 5) were prepared in disk format (5mm x 1mm) and

photoactivated for 20 seconds on each side. Subsequently, they were stored in water
at 37ºC for 24 hours and weighed using a digital analytical balance (AUW22-D,
Shimadzu, Kyoto, Japan). This first weighing was repeated until the stabilization of
the same, obtaining a constant mass (m1). The thickness and diameter values of
each specimen were recorded with a digital caliper to calculate the sample volume.
The specimens were individually stored in Eppendorfs, immersed in distilled water
and stored again at 37 ° C for 7 days. After this period, the specimens were weighed,
removing excess water from their surfaces with absorbent paper, thus obtaining their
wet mass (m2). To obtain m3, the specimens were again stored in a dry environment
at 37ºC and weighed until a new constant mass was obtained [4]. The calculation of
sorption (SO) and solubility (SL) was done following the formulas:
Water Sorption Weight = m2-m3
m3

Solubility Weight = m1-m3
m3
For SO and S, the statistical analysis was performed using Kruskal-Wallis One
Way Analysis of Variance on Ranks and Tukey's test (p<0.05).

2.7

Cohesive Strength
For the cohesive strength test (CS), specimens (n = 10) of each group were

used in a metal matrix (2mm x 2,mm) and photoactivated (40 seconds). The
specimens were fixed in a proprietary device (Odeme Biotechnology, Joaçaba, SC,
Brazil) for the microtensile test by means of a cyanoacrylate adhesive (SuperBonder
Gel, Loctite, Itapevi, SP, Brazil) and tested on the universal test (DL500; EMIC, São
José dos Pinhais, PR, Brazil) at a speed of 0.5 mm/min (load 100N) [13].
To evaluate the cohesive strength data, the statistical analysis was performed
using Kruskal-Wallis One Way Analysis of Variance on Ranks and Tukey's test
(p<0.05).
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2.8 Fluoride and Calcium Release
The release of fluoride and calcium from temporary restorative materials was
measured using cylindrical samples (5 mm diameter x1 mm height). Following
preparation, the specimens (n = 3) were kept in a humid environment for 1 hour at
37ºC. Each specimen was then immersed in 50 ml of distilled water. A specific ion
electrode calibrated (AA6300, Shimadzu, Tokyo, Japan) standard solutions was used
to measure the concentration of fluoride and calcium ions [14] in different times of
evaluation, 3 , 24 and 72 hours and also after 30 days after the beginning of the
assay.

2.9
2.9.1

Cariogenic Challenge
Enamel disc specimes
Enamel discs were obtained from bovine incisor teeth (5 mm in diameter and 2

mm in thickness). The surfaces were polished with 600, 1200, 2000 and 2500 grit
silicon carbide papers.. A cavity was made in the center of the disc using a 2094 (KG
Diamond Sorensen) diamond bur with 1.8 mm diameter to obtain a standardized hole
with parallel walls. The baseline enamel surface hardness (SH1) was assessed by
three indentations placed near to cavity and spaced 50 μm from each other using a
Knoop diamond indenter loaded with a 50 g weight for 5 s (Micro Hardness Tester,
FM 700, Future-Tech Corp., Tokyo, Japan). The hardness of the base of the enamel
discs selected was 317.97 ± 24.59 (Knoop Hardness number, kgf mm-2). Nail polish
was applied to the side and base of the samples leaving only the enamel surface
exposed.

2.9.2 Sterilization of Samples
All the samples were sterilized by gamma radiation in the Regional Center of
Oncology/Radiotherapy Service, School of Medicine, Federal University of Pelotas,
Pelotas, Brazil. The samples were kept on moist cotton with distilled water within
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microtubes, placed at 2 cm from the radiation source and submitted to sterilization
with gamma radiation from a cobalt-60 source with particle energies of 1.25 MeV and
609.25 Gy/min, with a total dose of 4.08 KGy [15].

2.9.3

Microcosm Biofilm Model
A healthy volunteer (female, aged 29ld) who had not been under antibiotic

therapy for at least 6 months had her saliva collected for testing. Fresh whole saliva
stimulated by paraffin film chewing (24 mL). The volunteer was instructed to abstain
from oral hygiene for 24 hours and food intake for 2 hours prior to collection of saliva.
A saline volume of 0.4 ml was used to inoculate each restored bovine tooth disc
placed in a 24-well plate and it remained at rest for 1 h at 37 °C.After this period, 1.8
mL of defined medium enriched with mucin (DMM) [16] containing 1% sucrose was
added and the plates were incubated at 37 ° C under an anaerobic atmosphere (5–
10% CO 2, less than 1% O 2). After 6 h, the samples were rinsed with 2 mL of sterile
saline, inserted into a new plate containing DMM without sucrose, and incubated for
18 h under the same conditions. The biofilms were individually formed on the discs in
each well ifor 14 days, following the same daily routine of alternative exposure to
DMM supplemented with sucrose (DMM + S) and without sucrose (DMM) [17].

2.9.4

Hardness
After biofilm collection, the enamel discs were cleaned with distilled water and

brushed with a soft-bristle toothbrush. The surface hardness was again recorded for
all enamel discs by placing three indentations (SH2) spaced 100 μm to the left/right
of the baseline indentations and under the same parameters as described previously.
The percentage surface hardness change (%SHC) was calculated as: %SHC = 100
(SH2 – SH1)/SH1 [18], where SH1 refers to the baseline surface readings and SH2
to the post-biofilm surface readings [15]. To compare the percentage surface
hardness change (%SHC) between the resin-based temporary materials, statistical
analysis was performed using One Way Analysis of Variance and Tukey's test
(p<0.05).
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3. Statistical Analysis
Data were submitted to one-way analysis of variance (ANOVA). Multiple
pairwise comparisons were performed using Tukey's complementary tests. When
data failed the normality test or equality of variance, they were analyzed by ANOVA
on Ranks and Tukey'
established for all analyzes.

4. Results
The results of degree of conversion (%), depth of polymerization (mm) and
dimensional stability are shown in Table 2. when compared to the control group the
groups ERCN, ERCC, ERF, ERCC + F, had a significant decrease in degrees of
conversion.For the polymerization depth, only the ERCC + F and ERMTA groups
presented lower values than control.(p<0.05).
The dimensional stability for each material after stored in water at 37ºC for 7
days in a 99% humidity environment are charted in table 2, different dimensional
characteristics of each material. Statistical analysis of the data represented for the
various test materials revealed the following findings: The group that was difference
statistic significant, the result ERCP represent that showed a more stability than
groups as ER, ERCH, ERMTA. Furthermore had materials that showed an intermediary
stability as: ERCM, ERCN, ERF, Clip F, ERCC, ERCC+F respectively.
The results for fluoride release (ppm) are shown in Fig.3. The commercial
temporary resin and the base resin did not present fluoride release, Experimental
group ERF showed better performance when compared to the other groups, and this
effect remained up to 30 days (>10 ppm). The ERCC group presented fluoride release
with constant increase until the third day, decreasing the release from the third day..
The evaluation of calcium release (ppm) is shown in Fig.4. The ER group did not
show release of calcium. The ERCN group had initial calcium release of approximately
9ppm, maintaining the release until the 30 days of follow-up. The ERCM group
released calcium throughout the entire evaluated period, with the highest release
identified after 24 hours (>8 ppm). ERCC presented the highest initial calcium release
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(>25 ppm) among all evaluated groups having a continuous decline in release until
the third day, when it remained practically constant until the thirtieth day. ER CH
maintained a constant release close to 4 ppm from the first to the last measurement.
ERMTA showed the lowest initial calcium release (<1 ppm), maintaining this behavior
throughout the all evaluated periods.
The results of sorption and solubility are presented in Table 3. ER CH presented
higher water sorption within the groups evaluated (p<0.05). The ER CC group
presented higher solubility. The results for cohesive strength (MPa) are shown in Fig.
1. ERCH showed significantly higher results (7,42±1,13) in relation to the other groups
evaluated(p<0.05). The hardness evaluation is presented in Fig. 2. The lowest%
SHC was presented by the ERCC group (SHC<75%). There was no statistically
significant difference between the other groups.

5. Discussion
Treating carious lesions using a biological approach has been suggested in
literature. This biological approach basically consists in a minimally invasive surgical
treatment using materials with bioactive properties [20]. In this study, the effect of the
addition of calcium and fluoride compounds on selected physical, chemical and
remineralizating properties of an experimental temporary resin-based material was
evaluated. Calcium and fluoride compounds were added due its potential to confer
bioactive properties into a temporary material. The results obtained showed that the
incorporation of calcium and fluoride ions into a resin-based temporary restorative
material may alter the properties of the material, thus, the null hypothesis tested was
rejected. The development of new restorative materials with good mechanical
properties, biological properties and remineralization are intensively researched[2]
[18].
Currently the caries disease is defined as a disease that occurs due to a
physical-chemical imbalance between dental substrate and oral microbiota,
associated with determinants such as: inadequate hygiene, sucrose diet and
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microbiota [17, 22]. Promoting a balance in oral health is among one of the
approaches. In this step, that materials become an aid in reversing the disease
process. Several studies have been demonstrating the cariostatic effect in fluoridated
restorative materials [22-25]. A recent study has shown that fluoride activity against
acidogenicity of Strepococcus mutans bacterial biofilm followed a linear pattern of
fluoride release rate dependence and this suggests that if an appropriate fluoride
releaser is maintained by restorative materials during biofilm formation may play an
important role in the reduction of cariogenic biofilms [26].
As a natural control promoted by saliva to preserve the mineral structure of the
tooth, the oral fluids that have calcium and phosphate in supersaturated
concentrations in relation to the composition of the enamel deposit these ions
continuously on the surface of the tooth or are redeposited in areas where there was
loss of structure [6]. The feasibility of reestablishing these structures and
remineralizing this tissue makes it possible to favor the adhesion of a restorative
material later.
The evaluation of the surface hardness of the tested groups, before and after
exposure to the cariogenic challenge, showed that the medium affected the face
exposed to the samples, The lowest percentage of surface hardness loss was from
the experimental group composed of calcium chloride associated to fluorine, showing
that the presence of fluorine is effective to intervene in the demineralization process.
Sodium fluoride, which is inorganic in nature, will react with the hydroxyapatite of the
enamel to form a thick layer of calcium fluoride [19]. Resin composites constantly
release fluoride at very low concentrations, reduce the appearance of secondary
caries, but are not sufficient to completely inhibit in situ demineralization. It‟s report
[20, 21] that 1-3 ppm of fluoride in solution appears to be sufficient for a considerable
preventive effect, whereas [20], exploring their data from a study of the fluoride
release of composite resins immersed in deionized water in vitro, state that for the
complete inhibition of enamel demineralization under dental plaque in situ requires
the material to release 250 mg F / cm2 in one month.
The way the fluoride release occurs is also debated by several authors. Such
a process may be relevant considering its action on the process of inhibition of
demineralization and even promoting remineralization. Fo some authors [22] the
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mechanism of action of fluoride when released from the materials, is that it remains in
the liquid phase adjacent to the dental structure and begins to be adsorbed to the
enamel, preventing demineralization in this region [22]. Fluorine accelerates mineral
deposition in lesions, which is also determined by crystal availability and degree of
supersaturation, pH and ionic flux. Moreover, the fluoride released from materials
alters the metabolic activity of the formed plaque in contact with the restoration [23].
One of the most important properties that a temporary filling material should
have is to provide an adequate sealing, which protects the cavity from exterior
moisture and prevents the bacterial invasion [24]. This sealing ability could be
achieved through two mechanisms: adhesion to tooth tissue or volumetric expansion
after setting [4]. It has been previously demonstrated that volumetric expansion of
temporary materials provides good adaptation between the restorative material and
cavity walls, especially in those which lacks of adhesion to tooth tissues [25]. In this
study, all the experimental materials showed a volumetric expansion after 30 days
immersed in distilled water, which renders to these materials the capability to provide
a temporary seal.
The hygroscopic and hydrolytic behavior of experimental materials formulated
in this study was assessed through a water sorption and solubility test. From the
results obtained, it could be seen that all experimental materials have the ability to
absorb water. This water sorption was a desirable property, since a volumetric
expansion after setting was expected. The main responsible for this behavior is the
components of the organic matrix, which is mainly composed of UDMA and BisEMA
30, such monomers present highly hydrophilic ether bonds which absorb water within
the polymer network.
Resin based temporary materials are intended to be placed in the preparation
using a bulk fill technique, and therefore, in regards of these type of materials, one
important feature that must be evaluated is the depth of cure. The control resinbased temporary material used in this study was formulated using filler particles with
nanometric size, with ensures and adequate transmission of visible blue light for
polymerization through the entire material [26]. This characteristic allowed this control
material to achieve the greatest depth of polymerization. The incorporation of fluoride
and calcium micrometrical sized particles into experimental materials led to a
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significant decrease of the polymerization depth, this behavior is directly related to a
reduction of the light penetration through the material. As it has been previously
demonstrated, larger particles show low light transmittance, so light that passes
through the resin composite is scattered and reflected [27]. In temporary filling
materials, achieving good mechanical properties after setting is an important factor to
ensure an adequate sealing. According to the literature, one of the properties most
related to the mechanical and biological performance of a polymeric material is the
degree of conversion[28]. In this study, the resin-based temporary material used as
control showed a good performance in terms of degree of conversion, which it could
explained due an adequate light transmittance through the entire material. Once
again, the incorporation of calcium or fluoride particles had a detrimental effect on the
degree of conversion of the material, especially for the groups formulated with
calcium nitrate, calcium chloride and fluoride. As explained before, it could be
hypothesized that light transmittance could be reduced due the presence of particles
with micro or macrometric size, decrease the rate of free radicals available for
polymerization reaction.
Cohesive strength is considered an essential mechanical test to evaluate
material properties. The results obtained in this study showed that the incorporation
of calcium or fluoride particles into an experimental resin based temporary material
did not affect the ultimate tensile strength of the formulation, suggesting that, at least
in terms of mechanical performance, the use of this potential bioactive particles can
be safely used into these kind of materials.
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6. Conclusion
This vitro study demonstrated that the physicochemical properties of
temporary experimental resin restorers may be influenced by the different
formulations tested. The combined incorporation of components with potential
release of calcium and fluoride ions in the temporary resin restorers tested reduced
the percentage of enamel surface hardness change when submitted to cariogenic
challenge, without loss desirable physicochemical properties. More studies are still
needed to confirm the effectiveness of temporary restorers with potential release of
ions and their influence on their performance.
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Table 1. Composition of the experimental resin-based temporary materials and
the commercial reference evaluated.
Material

Main Composition

Group

Experimental restorer (without
adictive)

ER

Exotane 9, Bis-EMA, UDMA, CQ, EDAB, BHT, silica.

Experimental restorer + fluoride

ERF

Exotane 9, Bis-EMA, UDMA, CQ, EDAB, BHT, silica
and sodium fluoride.

Experimental restorer + Calcium
chloride

ERCC

Exotane 9, Bis-EMA, UDMA, CQ, EDAB, BHT, sílica
and calcium chloride.

Experimental restorer + Calcium
chloride + fluoride

ERCC+F

Exotane 9, Bis-EMA, UDMA, CQ, EDAB, BHT, sílica,
calcium chloride and sodium fluoride.

Experimental restorer + Calcium
Phosphate

ERCP

Exotane 9, Bis-EMA, UDMA, CQ, EDAB, BHT, sílica
and calcium phosphate.

Experimental restorer + Calcium
hydroxide

ERCH

Exotane 9, Bis-EMA, UDMA, CQ, EDAB, BHT, sílica
and calcium hydroxide.

Experimental restorer + Calcium
methacrylate

ERCM

Exotane 9, Bis-EMA, UDMA, CQ, EDAB, BHT, sílica,
and calcium methacrylate.

Experimental restorer + MTA

ERMTA

Exotane 9, Bis-EMA, UDMA,CQ, EDAB, BHT, sílica and
§
MTA® powder .

Experimental restorer + Calcium
Nitrate

ERCN

Exotane 9, Bis-EMA, UDMA, CQ, EDAB, BHT, sílica
and calcium nitrate.

Clip F*

Clip F

UDMA, HEMA, BHT, acrylate ester, polymers and
fluoride.

Abbreviations: UDMA, urethane dimethacrylate; Bis-EMA, ethoxylated Bis Phenol A Dimethacrylate;
EDAB, ethyl-4-dimethylamino benzoate; BHT, butylated hydroxytoluene; CQ: Camphorquinone; HEMA,
§
hydroxyethylmethacrylate. *Commercial reference: Voco, Cuxhaven, Germany. MTA: mineral trioxide
aggregate MTA® by Angelus Indústria de Odontológicos S / A, PR, Brazil.
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Table 2. Degree of conversion, depth of polymerization and dimensional
stability of the resin-based temporary materials evaluated.
Degree of Conversion
DC (%)

Depth of polymerization
DP (mm)

Dimensional stability
DS (%)

Mean

SD

Mean

SD

Mean

ER

91,5 AB

1,8

14,2

A

3,1

4,30 A

0,71

ERCN

82,7 C

0,6

12,98 AB

0,6

3,19 AB

0,09

ERCM

91,2

AB

1,9

10,98

AB

0,8

3,39

AB

0,64

ERCH

92,7

A

3,3

10,48

AB

0,5

4,20

A

0,86

ERCP

90,6

AB

1,5

10,46

AB

0,8

0,05

C

0,09

ERCC

83,6 C

3,8

13,22

AB

1,7

1,30 B

ERF

74,1

D

2,1

8,65

B

1,3

1,66

ERCC+F

80,7

C

2,4

7,60

C

2,4

1,01

0,67

ERMTA

89,5 AB

1,2

8,13

C

0,5

4,33 A

1,79

Clip F *

85,5

1,67

8,09

C

0,4

1,48

Groups

C

AB

B

AB

SD

0,52
0,76

0,17

Different capital letters in the columns indicate significant difference. * Commercial reference: Voco
Abbreviation: SD: standard deviation.
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Table 3- Water absorption and solubility of the resin-based temporary materials
evaluated.
Water Sorption (mg)

Water Solubility (mg)

Material
Median

SE

Median

ERCH

0,26

A

0,0066

0,12

ERCM

0,23

A

0,0066

0,13

ERCC+F

0,22

AB

0,0235

0,16

ERCN

0,21

AB

0,0024

0,16

ERCC

0,21

AB

0,0037

0,16

ERMTA

0,19

AB

0,0396

0,09

ER

0,17

B

0,0058

0,08

ERCP

0,16

B

0,0058

0,08

ERF

0,14

B

0,0024

0,04

Clip F

0,06

C

0,0037

0,01

SE

AB

0,0063

AB

0,0354

A

0,0051

A

0,0049

A

0,0037

AB

0,0196

AB

0,0049

AB

0,0037

B

0,0020

C

0,0000

Different capital letters in the columns indicate significant difference. Abbreviation: SE: standard error.
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Figure 1. Cohesive strength medians and percentiles (MPa) of the resin-based
temporary materials evaluated.
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Figure 2. Percentage surface hardness change (%SHC) of the selected resin-based
temporary materials.
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Figure 3. Calcium release
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Figure 4. Fluoride release
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4. Considerações Finais

A busca através da revisão sistemática apontou desempenho superior ou
similar dos materiais restauradores à base de resina quando comparados aos
materiais restauradores temporários convencionais. Contudo, ainda são necessários
novos estudos para avaliar o comportamento destes materiais em condições
clínicas, considerando a heterogeneidade encontrada e a falta de ensaios clínicos e
avaliações à longo prazo. O estudo in vitro demonstrou que as propriedades físicoquímicas dos restauradores temporários resinosos experimentais podem ser
influenciadas pelas diferentes formulações testadas. A incorporação combinada de
componentes com potencial liberação de íons cálcio e flúor nos restauradores
resinosos temporários testados reduziu o percentual de alteração de dureza
superficial do esmalte, quando submetido ao desafio cariogênico, sem perda das
boas propriedades físico-químicas . Ainda são necessários estudos laboratoriais e
clínicos que confirmem a efetividade dos restauradores temporários com potencial
liberação de íons e sua influência no seu desempenho

64

Referências
ADNAN, S. ; KHAN, F. R. Comparison of Micro-Leakage around Temporary Restorative Materials
Placed in Complex Endodontic Access Cavities: An In-Vitro Study. J Coll Physicians Surg Pak, v.26, n.3,
p.182-6, 2016.

AJMAL, M.; MISGAR, O. H.; FAROOQ, R.; PURRA, A. R.; AHANGER, F. A. ; ZARGAR, W. Comparison of
microleakage of bioactive bone cement, mineral trioxide aggregate, and glass ionomer cement as
root end filling materials using dye extraction analysis. International Journal of Applied Dental
Sciences, v.4, n.1, p.29-32, 2018.

ARAVAMUDHAN, K.; RAKOWSKI, D. ; FAN, P. L. Variation of depth of cure and intensity with distance
using LED curing lights. Dent Mater, v.22, n.11, p.988-94, 2006.

BARKHORDAR, R. A. ; STARK, M. M. Sealing ability of intermediate restorations and cavity design
used in endodontics. Oral Surg Oral Med Oral Pathol, v.69, n.1, p.99-101, 1990.

BAYINDIR, F.; AKYIL, M. S. ; BAYINDIR, Y. Z. Effect of eugenol and non-eugenol containing temporary
cement on permanent cement retention and microhardness of cured composite resin. Dent Mater J,
v.22, n.4, p.592-9, 2003.

BEACH, C. W.; CALHOUN, J. C.; BRAMWELL, J. D.; HUTTER, J. W. ; MILLER, G. A. Clinical evaluation of
bacterial leakage of endodontic temporary filling materials. J Endod, v.22, n.9, p.459-62, 1996.

BELLO, Y. D.; BARBIZAM, J. V. ; ROSA, V. Structural reinforcement and sealing ability of temporary
fillings in premolar with class II mod cavities. J Contemp Dent Pract, v.15, n.1, p.66-70, 2014.

BODRUMLU, E.; TOPUZ, O. ; UZUN, O. Comparison of halogen versus LED light-cured temporary
endodontic filling materials for sealing. Minerva Stomatol, v.62, n.6, p.193-8, 2013.

CENCI, M. S.; TENUTA, L. M.; PEREIRA-CENCI, T.; DEL BEL CURY, A. A.; TEN CATE, J. M. ; CURY, J. A.
Effect of microleakage and fluoride on enamel-dentine demineralization around restorations. Caries
Res, v.42, n.5, p.369-79, 2008.

CHARLTON, D. G.; TIBA, A. ; RAGAIN, J. C., JR. Development and testing of a novel forward-deployable
dental dressing. Mil Med, v.173, n.10, p.1019-22, 2008.

CIFTCI, A.; VARDARLI, D. A. ; SONMEZ, I. S. Coronal microleakage of four endodontic temporary
restorative materials: an in vitro study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod, v.108,
n.4, p.e67-70, 2009.
65

COCHRANE, N. J.; CAI, F.; HUQ, N. L.; BURROW, M. F. ; REYNOLDS, E. C. New approaches to enhanced
remineralization of tooth enamel. J Dent Res, v.89, n.11, p.1187-97, 2010.

COSME-SILVA, L.; VIOLA, N. V.; CARVALHO, L. F.; KHOURY, R. D.; GOMES, J. E. ; CARVALHO, E. M.
Marginal leakage of temporary restoration after intraradicular post preparation with or without
waterproofing. Brazilian Dental Science, v.20, n.2, p.102-107, 2017.

CURY, J. A. ; TENUTA, L. M. Enamel remineralization: controlling the caries disease or treating early
caries lesions? Braz Oral Res, v.23 Suppl 1, p.23-30, 2009.

CURY, J. A.; REBELO, M. A.; DEL BEL CURY, A. A.; DERBYSHIRE, M. T. ; TABCHOURY, C. P. Biochemical
composition and cariogenicity of dental plaque formed in the presence of sucrose or glucose and
fructose. Caries Res, v.34, n.6, p.491-7, 2000.

DA ROSA, W. L. O.; COCCO, A. R.; SILVA, T. M. D.; MESQUITA, L. C.; GALARCA, A. D.; SILVA, A. F. D. ;
PIVA, E. Current trends and future perspectives of dental pulp capping materials: A systematic
review. J Biomed Mater Res B Appl Biomater, v.106, n.3, p.1358-1368, 2018.

DA ROSA, W. L. O.; PIVA, E. ; DA SILVA, A. F. Disclosing the physiology of pulp tissue for vital pulp
therapy. Int Endod J, 2018.

DA SILVA, C. J. G. I. C. B., M.P.; GUIRALDO, R.D.; LOPES M.B.; GONINI, A.J. Interactions between
resin-based temporary materials and immediate dentin sealing. Applied Adhesion Science, v.4, n.3,
p.9, 2016.

DE CASTRO, P. H.; PEREIRA, J. V.; SPONCHIADO, E. C., JR.; MARQUES, A. A. ; GARCIA LDA, F.
Evaluation of marginal leakage of different temporary restorative materials in Endodontics. Contemp
Clin Dent, v.4, n.4, p.472-5, 2013.

DEMARCO, F. F.; CORREA, M. B.; CENCI, M. S.; MORAES, R. R. ; OPDAM, N. J. Longevity of posterior
composite restorations: not only a matter of materials. Dent Mater, v.28, n.1, p.87-101, 2012.

DEVEAUX, E.; HILDELBERT, P.; NEUT, C.; BONIFACE, B. ; ROMOND, C. Bacterial microleakage of Cavit,
IRM, and TERM. Oral Surg Oral Med Oral Pathol, v.74, n.5, p.634-43, 1992.

DOS SANTOS, G. L.; BELTRAME, A. P.; TRICHES, T. C.; XIMENES-FILHO, M.; BAPTISTA, D. ; BOLAN, M.
Analysis of microleakage of temporary restorative materials in primary teeth. J Indian Soc Pedod
Prev Dent, v.32, n.2, p.130-4, 2014.

66

ERDEMIR, A.; ELDENIZ, A. U. ; BELLI, S. Effect of temporary filling materials on repair bond strengths
of composite resins. J Biomed Mater Res B Appl Biomater, v.86, n.2, p.303-9, 2008.
FAN, P. L.; SCHUMACHER, R. M.; AZZOLIN, K.; GEARY, R. ; EICHMILLER, F. C. Curing-light intensity and
depth of cure of resin-based composites tested according to international standards. J Am Dent
Assoc, v.133, n.4, p.429-34; quiz 491-3, 2002.
FERRACANE, J. L. ; GIANNOBILE, W. V. Novel biomaterials and technologies for the dental, oral, and
craniofacial structures. J Dent Res, v.93, n.12, p.1185-6, 2014.
FERRACANE, J. L. Hygroscopic and hydrolytic effects in dental polymer networks. Dent Mater, v.22,
n.3, p.211-22, 2006.

FRENCKEN, J. E. Atraumatic restorative treatment and minimal intervention dentistry. Br Dent J,
v.223, n.3, p.183-189, 2017.

FRENCKEN, J. E.; PETERS, M. C.; MANTON, D. J.; LEAL, S. C.; GORDAN, V. V. ; EDEN, E. Minimal
intervention dentistry for managing dental caries - a review: report of a FDI task group. Int Dent J,
v.62, n.5, p.223-43, 2012.

GULER, A. U.; KURT, S. ; KULUNK, T. Effects of various finishing procedures on the staining of
provisional restorative materials. J Prosthet Dent, v.93, n.5, p.453-8, 2005.

GULER, A. U.; YILMAZ, F.; KULUNK, T.; GULER, E. ; KURT, S. Effects of different drinks on stainability of
resin composite provisional restorative materials. J Prosthet Dent, v.94, n.2, p.118-24, 2005.

HAGEMEIER, M. K.; COOLEY, R. L. ; HICKS, J. L. Microleakage of five temporary endodontic restorative
materials. J Esthet Dent, v.2, n.6, p.166-9, 1990.

HAHNEL, S.; IONESCU, A. C.; CAZZANIGA, G.; OTTOBELLI, M. ; BRAMBILLA, E. Biofilm formation and
release of fluoride from dental restorative materials in relation to their surface properties. J Dent,
v.60, p.14-24, 2017.

HANSEN, S. R. ; MONTGOMERY, S. Effect of restoration thickness on the sealing ability of TERM. J
Endod, v.19, n.9, p.448-52, 1993.

HOSOYA, N.; COX, C. F.; ARAI, T. ; NAKAMURA, J. The walking bleach procedure: an in vitro study to
measure microleakage of five temporary sealing agents. J Endod, v.26, n.12, p.716-8, 2000.

INNES, N. P.; FRENCKEN, J. E.; BJORNDAL, L.; MALTZ, M.; MANTON, D. J.; RICKETTS, D.; VAN
LANDUYT, K.; BANERJEE, A.; CAMPUS, G.; DOMEJEAN, S.; FONTANA, M.; LEAL, S.; LO, E.;
67

MACHIULSKIENE, V.; SCHULTE, A.; SPLIETH, C.; ZANDONA, A. ; SCHWENDICKE, F. Managing Carious
Lesions: Consensus Recommendations on Terminology. Adv Dent Res, v.28, n.2, p.49-57, 2016.

IQBAL, A. F., M.; SAHAR, R. Evaluating the Efficacy of Resin Modified Glass Ionomer Cement versus
Conventional Glass Ionomer Cement in Terms of Success Rate: A Clinical Assessment Exploring the
best in between. Pakistan Journal Medical, v.11, n.1, p.336-339, 2017.

ITSKOVICH, R.; LEWINSTEIN, I. ; ZILBERMAN, U. The Influence of Zinc Oxide Eugenol (ZOE) and Glass
Ionomer (GI) Base Materials on the Microhardness of Various Composite and GI Restorative
Materials. Open Dent J, v.8, p.13-9, 2014.

JACQUOT, B. M.; PANIGHI, M. M.; STEINMETZ, P. ; G'SELL, C. Evaluation of temporary restorations'
microleakage by means of electrochemical impedance measurements. J Endod, v.22, n.11, p.586-9,
1996.

KAZEMI, R. B.; SAFAVI, K. E. ; SPANGBERG, L. S. Assessment of marginal stability and permeability of
an interim restorative endodontic material. Oral Surg Oral Med Oral Pathol, v.78, n.6, p.788-96,
1994.

KOAGEL, S. O.; MINES, P.; APICELLA, M. ; SWEET, M. In vitro study to compare the coronal
microleakage of Tempit UltraF, Tempit, IRM, and Cavit by using the fluid transport model. J Endod,
v.34, n.4, p.442-4, 2008.

LAUSTSEN, M. H.; MUNKSGAARD, E. C.; REIT, C. ; BJORNDAL, L. A temporary filling material may
cause cusp deflection, infractions and fractures in endodontically treated teeth. Int Endod J, v.38,
n.9, p.653-7, 2005.

MARKOSE, A.; KRISHNAN, R.; RAMESH, M. ; SINGH, S. A comparison of the sealing ability of various
temporary restorative materials to seal the access cavity: An in vitro study. J Pharm Bioallied Sci, v.8,
n.Suppl 1, p.S42-S44, 2016.
MASKE, T. T.; ISOLAN, C. P.; VAN DE SANDE, F. H.; PEIXOTO, A. C.; FARIA, E. S. A. L.; CENCI, M. S. ;
MORAES, R. R. A biofilm cariogenic challenge model for dentin demineralization and dentin bonding
analysis. Clin Oral Investig, v.19, n.5, p.1047-53, 2015.

MASKE, T. T.; KUPER, N. K.; CENCI, M. S. ; HUYSMANS, M. Minimal Gap Size and Dentin Wall Lesion
Development Next to Resin Composite in a Microcosm Biofilm Model. Caries Res, v.51, n.5, p.475481, 2017.

MASKE, T. T.; KUPER, N. K.; HOLLANDERS, A. C. C.; BRONKHORST, E. M.; CENCI, M. S. ; HUYSMANS, M.
Secondary caries development and the role of a matrix metalloproteinase inhibitor: A clinical in situ
study. J Dent, 2018.
68

MELTON, D.; COBB, S. ; KRELL, K. V. A comparison of two temporary restorations: light-cured resin
versus a self-polymerizing temporary restoration. Oral Surg Oral Med Oral Pathol, v.70, n.2, p.221-5,
1990.
MEYER, J. M.; CATTANI-LORENTE, M. A. ; DUPUIS, V. Compomers: between glass-ionomer cements
and composites. Biomaterials, v.19, n.6, p.529-39, 1998.
MJOR, I. A. Clinical diagnosis of recurrent caries. J Am Dent Assoc, v.136, n.10, p.1426-33, 2005.
MOHER, D.; LIBERATI, A.; TETZLAFF, J.; ALTMAN, D. G. ; GROUP, P. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. BMJ, v.339, p.b2535, 2009.

MORAES, R. R.; FARIA-E-SILVA, A. L.; OGLIARI, F. A.; CORRER-SOBRINHO, L.; DEMARCO, F. F. ; PIVA, E.
Impact of immediate and delayed light activation on self-polymerization of dual-cured dental resin
luting agents. Acta Biomater, v.5, n.6, p.2095-100, 2009.

MUNCHOW, E. A.; MEEREIS, C. T. W.; DA ROSA, W. L. O.; DA SILVA, A. F. ; PIVA, E. Polymerization
shrinkage stress of resin-based dental materials: A systematic review and meta-analyses of technique
protocol and photo-activation strategies. Journal of the Mechanical Behavior of Biomedical
Materials, v.82, p.77-86, 2018.

NOGUERA, A. P. ; MCDONALD, N. J. Comparative in vitro coronal microleakage study of new
endodontic restorative materials. J Endod, v.16, n.11, p.523-7, 1990.

ODABAS, M. E.; TULUNOGLU, O.; OZALP, S. O. ; BODUR, H. Microleakage of different temporary filling
materials in primary teeth. J Clin Pediatr Dent, v.34, n.2, p.157-60, 2009.

OZCAN, M.; BARBOSA, S. H.; MELO, R. M.; GALHANO, G. A. ; BOTTINO, M. A. Effect of surface
conditioning methods on the microtensile bond strength of resin composite to composite after aging
conditions. Dent Mater, v.23, n.10, p.1276-82, 2007.

PIEPER, C. M.; ZANCHI, C. H.; RODRIGUES-JUNIOR, S. A.; MORAES, R. R.; PONTES, L. S. ; BUENO, M.
Sealing ability, water sorption, solubility and toothbrushing abrasion resistance of temporary filling
materials. Int Endod J, v.42, n.10, p.893-9, 2009.

PRATI, C.; GANDOLFI, M. G. Calcium silicate bioactive cements: Biological perspectives and clinical
applications. Dent Mater, v.31, n.4, p.351-70, 2015.

QUIRYNEN, M. The clinical meaning of the surface roughness and the surface free energy of intra-oral
hard substrata on the microbiology of the supra- and subgingival plaque: results of in vitro and in
vivo experiments. J Dent, v.22 Suppl 1, p.S13-6, 1994.
69

RASKIN, A.; D'HOORE, W.; GONTHIER, S.; DEGRANGE, M. ; DEJOU, J. Reliability of in vitro
microleakage tests: a literature review. J Adhes Dent, v.3, n.4, p.295-308, 2001.

ROSA, W. L.; PIVA, E. ; SILVA, A. F. Bond strength of universal adhesives: A systematic review and
meta-analysis. J Dent, v.43, n.7, p.765-76, 2015.

ROSA, W. L.; SILVA, T. M.; LIMA GDA, S.; SILVA, A. F. ; PIVA, E. Fifty years of Brazilian Dental Materials
Group: scientific contributions of dental materials field evaluated by systematic review. J Appl Oral
Sci, v.24, n.3, p.299-307, 2016.

SCHULZ, S. D.; LAQUAI, T.; KÜMMERER, K.; BOLEK, R.; MERSCH-SUNDERMANN, V. ; POLYDOROU, O.
Elution of Monomers from Provisional Composite Materials. International Journal of Polymer
Science, v.2015, p.1-7, 2015.

SEDREZ-PORTO, J. A.; ROSA, W. L.; DA SILVA, A. F.; MUNCHOW, E. A. ; PEREIRA-CENCI, T. Endocrown
restorations: A systematic review and meta-analysis. J Dent, v.52, p.8-14, 2016.
SHAHI, S.; SAMIEI, M.; RAHIMI, S. ; NEZAMI, H. In Vitro Comparison of Dye Penetration through Four
Temporary Restorative Materials. Iran Endod J, v.5, n.2, p.59-63, 2010.

SIDERIDOU, I. D.; KARABELA, M. M. ; BIKIARIS, D. N. Aging studies of light cured dimethacrylate-based
dental resins and a resin composite in water or ethanol/water. Dent Mater, v.23, n.9, p.1142-9,
2007.

SLUTZKY, H.; SLUTZKY-GOLDBERG, I.; WEISS, E. I. ; MATALON, S. Antibacterial properties of
temporary filling materials. J Endod, v.32, n.3, p.214-7, 2006.

SUEHARA, M.; SUZUKI, S. ; NAKAGAWA, K. Evaluation of wear and subsequent dye penetration of
endodontic temporary restorative materials. Dent Mater J, v.25, n.2, p.199-204, 2006.

SWIFT, E. J., JR. Critical appraisal: immediate dentin sealing for indirect bonded restorations. J Esthet
Restor Dent, v.21, n.1, p.62-7, 2009.

TSAI, P. C.; MEYERS, I. A. ; WALSH, L. J. Depth of cure and surface microhardness of composite resin
cured with blue LED curing lights. Dent Mater, v.20, n.4, p.364-9, 2004.

TULUNOGLU, O.; UCTASLI, M. B. ; OZDEMIR, S. Coronal microleakage of temporary restorations in
previously restored teeth with amalgam and composite. Oper Dent, v.30, n.3, p.331-7, 2005.

70

UCTASLI, M. B. ; TINAZ, A. C. Microleakage of different types of temporary restorative materials used
in endodontics. J Oral Sci, v.42, n.2, p.63-7, 2000.

URANGA, A.; BLUM, J. Y.; ESBER, S.; PARAHY, E. ; PRADO, C. A comparative study of four coronal
obturation materials in endodontic treatment. J Endod, v.25, n.3, p.178-80, 1999.

VAJJA, S.; SANTI, N.; BALRAM, D.; VUMMIDISETTI, S. V. ; YARLAGADDA, V. Influence of Different
Thickness of Mineral Trioxide Aggregate, Resin Modified Glass Ionomer Cement and Intermediate
Restorative Material on Sealing Ability of Root End Fillings: An in vitro Study. Journal of Clinical &
Diagnostic Research, v.12, n.1, p.10-13, 2018.

VERSIANI, M. A.; CARVALHO-JUNIOR, J. R.; PADILHA, M. I.; LACEY, S.; PASCON, E. A. ; SOUSA-NETO,
M. D. A comparative study of physicochemical properties of AH Plus and Epiphany root canal
sealants. Int Endod J, v.39, n.6, p.464-71, 2006.

WANG, S.; WANG, H.; REN, B.; LI, H.; WEIR, M. D.; ZHOU, X.; OATES, T. W.; CHENG, L. ; XU, H. H. K. Do
quaternary ammonium monomers induce drug resistance in cariogenic, endodontic and periodontal
bacterial species? Dent Mater, v.33, n.10, p.1127-1138, 2017.

WEBBER, R. T.; DEL RIO, C. E.; BRADY, J. M. ; SEGALL, R. O. Sealing quality of a temporary filling
material. Oral Surg Oral Med Oral Pathol, v.46, n.1, p.123-30, 1978.

XU, X. ; BURGESS, J. O. Compressive strength, fluoride release and recharge of fluoride-releasing
materials. Biomaterials, v.24, n.14, p.2451-2461, 2003.

YAP, A. U.; MAH, M. K.; LYE, C. P. ; LOH, P. L. Influence of dietary simulating solvents on the hardness
of provisional restorative materials. Dent Mater, v.20, n.4, p.370-6, 2004.

ZHANG, L.; WEIR, M. D.; CHOW, L. C.; ANTONUCCI, J. M.; CHEN, J. ; XU, H. H. Novel rechargeable
calcium phosphate dental nanocomposite. Dent Mater, v.32, n.2, p.285-93, 2016.

ZMENER, O.; BANEGAS, G. ; PAMEIJER, C. Coronal Microleakage of Three Temporary Restorative
Materials: An In Vitro Study. J Endod, v.30, n.8, p.582-584, 2004.

71

Apêndices

72

Apêndice A – Termo de Cosentimento Livre e Esclarecido

73

Anexos

74

Anexo A – Parecer Consubstanciado do CEP

75

1. AJMAL, M.; MISGAR, O. H.; FAROOQ, R.; PURRA, A. R.; AHANGER, F. A. ; ZARGAR, W. Comparison
of microleakage of bioactive bone cement, mineral trioxide aggregate, and glass ionomer cement as
root end filling materials using dye extraction analysis. International Journal of Applied Dental
Sciences, v.4, n.1, p.29-32, 2018.
2. VAJJA, S.; SANTI, N.; BALRAM, D.; VUMMIDISETTI, S. V. ; YARLAGADDA, V. Influence of Different
Thickness of Mineral Trioxide Aggregate, Resin Modified Glass Ionomer Cement and Intermediate
Restorative Material on Sealing Ability of Root End Fillings: An in vitro Study. Journal of Clinical &
Diagnostic Research, v.12, n.1, p.10-13, 2018.
3. IQBAL, A. F., M.; SAHAR, R. Evaluating the Efficacy of Resin Modified Glass Ionomer Cement versus
Conventional Glass Ionomer Cement in Terms of Success Rate: A Clinical Assessment Exploring the
best in between. Pakistan Journal Medical, v.11, n.1, p.336-339, 2017.
4. ROSA, W. L.; SILVA, T. M.; LIMA GDA, S.; SILVA, A. F. ; PIVA, E. Fifty years of Brazilian Dental
Materials Group: scientific contributions of dental materials field evaluated by systematic review. J
Appl Oral Sci, v.24, n.3, p.299-307, 2016.
5. CIFTCI, A.; VARDARLI, D. A. ; SONMEZ, I. S. Coronal microleakage of four endodontic temporary
restorative materials: an in vitro study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod, v.108,
n.4, p.e67-70, 2009.
6. LAUSTSEN, M. H.; MUNKSGAARD, E. C.; REIT, C. ; BJORNDAL, L. A temporary filling material may
cause cusp deflection, infractions and fractures in endodontically treated teeth. Int Endod J, v.38,
n.9, p.653-7, 2005.
7. ZMENER, O.; BANEGAS, G. ; PAMEIJER, C. Coronal Microleakage of Three Temporary Restorative
Materials: An In Vitro Study. J Endod, v.30, n.8, p.582-584, 2004.
8. PIEPER, C. M.; ZANCHI, C. H.; RODRIGUES-JUNIOR, S. A.; MORAES, R. R.; PONTES, L. S. ; BUENO, M.
Sealing ability, water sorption, solubility and toothbrushing abrasion resistance of temporary filling
materials. Int Endod J, v.42, n.10, p.893-9, 2009.
9. WANG, S.; WANG, H.; REN, B.; LI, H.; WEIR, M. D.; ZHOU, X.; OATES, T. W.; CHENG, L. ; XU, H. H. K.
Do quaternary ammonium monomers induce drug resistance in cariogenic, endodontic and
periodontal bacterial species? Dent Mater, v.33, n.10, p.1127-1138, 2017.
10. ADNAN, S. ; KHAN, F. R. Comparison of Micro-Leakage around Temporary Restorative Materials
Placed in Complex Endodontic Access Cavities: An In-Vitro Study. J Coll Physicians Surg Pak, v.26, n.3,
p.182-6, 2016.
11. DOS SANTOS, G. L.; BELTRAME, A. P.; TRICHES, T. C.; XIMENES-FILHO, M.; BAPTISTA, D. ; BOLAN,
M. Analysis of microleakage of temporary restorative materials in primary teeth. J Indian Soc Pedod
Prev Dent, v.32, n.2, p.130-4, 2014.
12. FERRACANE, J. L. ; GIANNOBILE, W. V. Novel biomaterials and technologies for the dental, oral,
and craniofacial structures. J Dent Res, v.93, n.12, p.1185-6, 2014.
13. CHARLTON, D. G.; TIBA, A. ; RAGAIN, J. C., JR. Development and testing of a novel forwarddeployable dental dressing. Mil Med, v.173, n.10, p.1019-22, 2008.
14. MARKOSE, A.; KRISHNAN, R.; RAMESH, M. ; SINGH, S. A comparison of the sealing ability of
various temporary restorative materials to seal the access cavity: An in vitro study. J Pharm Bioallied
Sci, v.8, n.Suppl 1, p.S42-S44, 2016.

76

