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RESUMO

RESISTENCIA DE UNIAO DE SISTEMAS ADESIVOS EM DENTINA
PREVIAMENTE EXPOSTA A MATERIAIS CONTENDO EUGENOL

AUTOR: Lucas Saldanha da Rosa
ORIENTADOR: Fabio Zovico Maxnuck Soares

O cimento de 6xido de zinco e eugenol (OZE) ainda é uma realidade no cotidiano clinico. O eugenol
presente no cimento afeta a polimerizagao de monémeros, como os presentes em sistemas adesivos.
Estudos anteriores tém mostrado divergéncia em relagéo a influéncia do efeito do eugenol ao longo do
tempo na resisténcia de unido (RU) de sistemas adesivos, sendo que nenhum avaliou tempos maiores
do que 45 dias. Sao apresentadas duas pesquisas avaliando os efeitos de cimentos com OZE na RU
de sistemas adesivos. A primeira € uma revisao sistematica e metanalise sobre a influéncia de materiais
temporarios a base de eugenol na RU de sistemas adesivos em dentina. Buscas foram realizadas nas
bases de dados PubMed, Web of Science e Scopus sem limitagdo de ano ou lingua, resultando em
603 estudos em potencial, que passaram por critérios de inclusao e exclusao. Dos 35 trabalhos lidos
na integra, 27 foram eleitos para a revisdo sistematica e 26 para a metanalise. Apés a selecao, extracéo
dos dados e definicao dos riscos de viés, a metanalise foi feita utilizando variancia invertida e modelo
de efeitos aleatdrios (p<0,05). Heterogeneidade foi verificada com o teste Q de Cochran e 12. Materiais
temporarios a base de eugenol foram associados estatisticamente a menores valores de RU. Andlises
de subgrupos também mostraram os mesmos efeitos apds 24 horas e 7 dias, assim como quando
divididos em cimentos resinosos, sistemas adesivos de condicionamento acido total e sistemas
adesivos autocondicionantes. Tempos entre 14 e 45 dias ndo apresentaram diferengas. Evidéncias
laboratoriais sugerem que ha decréscimo na RU de adesivos em dentina para dentes expostos a
cimentos de OZE em até uma semana, independente da estratégia utilizada. A segunda pesquisa tem
por objetivo avaliar a RU em microcisalhamento (uSBS) de um sistema adesivo a dentina previamente
restaurada provisoriamente com cimento de OZE durante diferentes tempos. Sessenta e quatro
incisivos bovinos higidos tiveram suas superficies dentinarias expostas e foram divididos em 8 grupos
(n=8), sendo os grupos 24 horas, 7, 15, 30, 60, 120 e 180 dias restaurados provisoriamente com
cimento OZE pelos tempos correspondentes, mais um grupo controle sem restauragdes provisorias.
Apds a remocgdo mecanica do cimento de OZE e limpeza das superficies, um sistema adesivo de
condicionamento total foi aplicado e cilindros de resina composta foram confeccionados para teste de
MSBS. Andlise de falha foi feita utilizando um estereomicroscépio e a analise dos dados foi feita
utilizando Kruskal Wallis e teste post hoc de Dunn (significancia de 5%). Menores valores de uSBS
foram encontrados nos grupos experimentais 24h, 7, 15 e 30d. quando comparados ao controle
(p<0,05). Valores similares de uSBS foram encontrados entre os grupos 60, 120, 180d e controle.
Cimentos de OZE prejudicam a resisténcia de unido de sistemas adesivos de condicionamento acido
total até 30 dias. Em 60 dias ja é seguro realizar restauragdes com materiais resinosos. Conclui-se que
cimentos de OZE reduzem a RU de sistemas adesivos em dentina em até 30 dias, sendo o periodo até
7 dias critico.

Palavras-chave: Eugenol. Sistemas adesivos. Dentina.



ABSTRACT

BOND STRENGTH OF ADHESIVE SYSTEMS TO DENTIN PREVIOUSLY
EXPOSED TO EUGENOL-CONTAINING MATERIALS

AUTHOR: Lucas Saldanha da Rosa
ADVISOR: Fabio Zovico Maxnuck Soares

Zinc oxide-eugenol cement (ZOE) is still a reality in clinical practice. Eugenol present in cement affects
the polymerization of monomers, such as those found in adhesive systems. Previous studies have
shown divergence regarding the influence of the effect of eugenol over time on the bond strength (BS)
of adhesive systems, with none evaluating times longer than 45 days. Two studies are presented
evaluating the effects of cement with ZOE in the BS of adhesive systems. The first of them is a
systematic review and meta-analysis on the influence of temporary eugenol-based materials on
adhesive systems bond strength to dentin. Searches were performed in the PubMed, Web of Science
and Scopus databases without limitation of year or language, resulting in 603 potential studies, which
met inclusion and exclusion criteria. Of the 35 full-text read, 27 were elected for systematic review and
26 for meta-analysis. After selection, data extraction and definition of risk of bias, the meta-analysis was
performed using inverted variance and a random effects model (p <0.05). Heterogeneity was verified
with Cochran Q and 12 tests. Temporary eugenol-based materials were statistically associated with
lower BS values. Subgroup analyzes also showed the same effects after 24 hours and 7 days, as well
as when divided into resin cements, total-etching adhesive systems and self-etching adhesive systems.
Times between 14 and 45 days showed no differences. Laboratory evidence suggests that there is a
decrease in the BS to dentin of adhesives systems exposed to ZOE cements up to one week, regardless
of the strategy used. The second research have the objective of evaluating the micro shear bond
strength(uSBS) of an adhesive system to dentin previously provisionally restored with ZOE cement
during different times. Sixty-four healthy bovine incisors had their dentin surfaces exposed and were
divided into 8 groups (n = 8), with the groups 24 hours, 7, 15, 30, 60, 120 and 180 days provisionally
restored with ZOE cement for the corresponding times, another control group without provisional
restorations. After the mechanical removal of the ZOE cement and cleaning of the surfaces, an adhesive
system of total conditioning was applied and cylinders of composite resin were made for uSBS test.
Failure analysis was performed using a stereomicroscope and data analysis was performed using
Kruskal Wallis and Dunn's post hoc test (5% significance). Lower RU values were found in the
experimental groups 24h, 7, 15 and 30d. when compared to the control (p <0.05). Similar uSBS values
were found between groups 60, 120, 180d and control. ZOE cements impair the bond strength of total
acid conditioning adhesive systems for up to 30 days. In 60 days, it is already safe to perform
restorations with resinous materials. It was concluded that ZOE cements reduce the BS of adhesive
systems to up to 30 days, with a critical period up to 7 days.

Keywords: Eugenol. Adhesive systems. Dentin.
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1 INTRODUGAO

Cimento de 6xido de zinco e eugenol (OZE) é um material amplamente utilizado
em tratamentos odontolégicos, como cimento endoddntico, cimento provisorio para
restauragdes indiretas, assim como cimento restaurador provisério (SARAC et al.,
2005). Apresenta baixa solubilidade (0,1 e 3,5%), bom escoamento, radiopacidade,
além de ter baixo custo (ALEXANDRE; ROSA; CHAIN, 2013). E um excelente material
para lesdes profundas, uma vez que possui propriedades sedativas, reduzindo
inflamacgbes pulpares, em casos de pulpites reversiveis (HE; PURTON; SWAIN,
2010).

Materiais resinosos sdo indiscutivelmente uma realidade no meio odontolégico
e desde a sua introducgdo, sistemas como resinas compostas, cimentos resinosos e
sistemas adesivos, tém sido usados com cautela quando empregados apos a
utilizacao de materiais restauradores provisérios contendo eugenol na composicao,
0s quais exercem influéncia negativa na polimerizagao desses materiais (ITSKOVICH,;
LEWINSTEIN; ZILBERMAN, 2014). Essa influéncia acaba refletindo em menores
valores de dureza e resisténcia de uniao, principalmente a dentina (KOCH et al., 2013;
MARSHALL; MARSHALL; HARCOURT, 1982).

A reacao de presa do OZE é uma reacao acido base em que, na presencga de
agua, oxido de zinco e eugenol formam uma matriz de eugenolato de zinco que
cercam particulas de 6xido de zinco nao reagidas. A quest&o critica nessa reagéo esta
na sua reversibilidade, pois mesmo apds a presa do cimento, na presenga de agua,
ocorre a hidrdlise do eugenolato, voltando a haver eugenol disponivel no meio (HUME,
1984; KOCH et al., 2013).

Em materiais resinosos, a reacao de polimerizacédo ocorre dentro das fases de
ativagao, iniciagcao, propagacao e terminacédo. Na fase de propagacgao, onde radicais
livres fazem a quebra de duplas ligagées gerando unido das partes em uma reagao
em cadeia, o eugenol pode interagir com esses radicais livres, os aprisionando. Dessa
forma ha uma diminuicdo na quebra de ligagdes, prejudicando toda a conclusédo do
processo. Isso resulta em produtos subpolimerizados, em que as caracteristicas e
propriedades desejadas se tornam deficientes (CARVALHO et al., 2007; FUJISAWA,
KADOMA, 1997; GANSS; JUNG, 1998; HE; PURTON; SWAIN, 2010).
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O fato desse material ser usado de forma proviséria na maioria dos casos,
implica a sua remogéao para posterior aplicagdo de um material definitivo, seja em uma
restauracao direta ou indireta. Para tal, usam-se diversas técnicas para a limpeza do
substrato, em especial da dentina, que por possuir uma estrutura mais complexa,
contendo matéria organica, agua, tubulos e uma rede de fibras colagenas, acaba
sendo mais complexa e mais critica que o esmalte dentario em questdes de adesao
(AROLA et al., 2017).

A concentragdo de eugenol liberada pelo cimento tende a ser maior na
superficie dentaria e vai diminuindo conforme vai em direcdo a polpa. A difusdo do
eugenol também tende a ser maior nas primeiras horas, diminuindo ao longo do
tempo. Além da hidrélise do cimento, o eugenol liberado tende a ser disperso pela
agua do ambiente ao longo do tempo, o que torna esse efeito potencialmente tempo-
dependente (HUME, 1984).

A presenca de residuos de OZE no interior dos tubulos dentinarios apds a
remocgao do cimento sempre foi uma questdo critica, uma vez que uma superficie
visualmente livre de contaminantes pode ainda possuir residuos (TERATA, 1993).
Estudos apresentaram diferentes métodos de limpeza do substrato, mostrando que
poderiam fazer diferenca na resisténcia de unido de sistemas adesivos a dentina
(FONSECA et al., 2005; FRANKENBERGER et al., 2007; SARAC et al., 2005). Ha
guem associe menores valores de resisténcia de unido de dentes previamente
restaurados com OZE pelo simples fato de as particulas do cimento obstruirem os
tubulos dentinarios, e néo pelo efeito do eugenol em si (PEUTZFELDT; ASMUSSEN,
2006).

Apesar de estudados ha varios anos, os efeitos deletérios do cimento de 6xido
de zinco e eugenol ainda sdo controversos nos trabalhos (AL WAZZAN; HARBI;
HAMMAD, 1997; BAYINDIR; AKYIL; BAYINDIR, 2003; CARVALHO et al., 2007;
ERKUT et al., 2007; PAUL; SCHARER, 1997; PIRES et al., 2018; ROSALES-LEAL et
al., 2003; YAP et al., 2001), que apresentam grande variagdo de materiais
empregados, assim como periodos de tempo de envelhecimento. Ainda que haja
alguns estudos com maiores tempos de envelhecimento, e mesmo assim discordantes
(KOCH et al., 2013; PINTO et al., 2014), nao ha trabalhos avaliando os efeitos do OZE
em sistemas adesivos por periodos mais longos de tempo.

Dessa forma, o intuito dessa dissertacao é avaliar, em dois trabalhos, o efeito

de cimentos contendo eugenol na resisténcia de unido de sistemas adesivos.
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2 ARTIGO 1 - DO EUGENOL-BASED MATERIALS AFFECT THE BOND
STRENGTH OF ADHESIVE SYSTEMS? A SYSTEMATIC-REVIEW AND META-
ANALYSIS OF IN VITRO STUDIES

Este artigo sera submetido ao periddico Dental Materials, Elsevier, ISSN: 0109-
5641, Fator de impacto = 4.495; Qualis A1. As normas para publicacao estao descritas

no Anexo B.
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ABSTRACT

Objective. To evaluate through a systematic review and meta-analysis the influence of
temporary eugenol-based materials on the bonding of adhesive systems to dentin.
Data and source. A literature search was conducted in PubMed, Web of Science, and
Scopus databases. Laboratory studies evaluating the influence of temporary eugenol-
based materials on the bond strength of adhesive systems were searched with no year
or language restriction.

Study selection: From 603 potentially eligible studies, 35 were selected for full-text
analysis, 27 were included in the systematic review and 26 in the meta-analysis. Two
reviewers independently selected the studies, extracted the data, and assessed the
risk of bias. Meta-analysis was performed using the inverse variance and a random-
effects model (p < 0.05). Heterogeneity was assessed with the Cochran Q test and 12
statistics.

Results. Temporary eugenol-based materials were statistically associated with lower
bond strength values (p<0.00001). Subgroup analysis considering the exposure time
of temporary eugenol-based materials also showed a significant reduction of bond
strength after 24h (p=0.003) and after seven days (p<0.00001) but no significant
differences were observed after 14 to 45 days (p=0.92). Subgroup analysis considering
luting cement (p=0.02), total-etch systems (p=0.0003), and self-etch systems
(p=0.0001) separately also showed a significant reduction of bond strength.
Conclusions. The mate-analysis based on laboratory evidence suggests a decrease in
adhesive systems bond strength to dentin previously exposed to eugenol-based
temporary materials regardless of the bonding approach. After maintained for 14 days,

the adverse effect of eugenol-based temporary restorations stop being noted.
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KEY WORDS: Adhesive systems; Bond strength; Dentin-bonding agents; Zinc oxide-

eugenol cement.

1. Introduction

Several factors may impair the bonding of adhesive systems to enamel and
dentin, including those related to the substrate itself [1] and the adhesive systems,
such as composition and bonding strategy [2]. Moreover, the interaction between the
adhesive components and dentin can also be compromised by previous substrate
contamination with saliva, blood, or any other material.

Zinc oxide-eugenol cement is widely used in prosthodontics, endodontics, and
restorative dentistry as liners, temporary restorations, and luting materials. Despite the
advantages related to low-cost, easily-handling and sedative effect [3, 4], eugenol-
containing temporary cement may have a detrimental effect on the bonding of
adhesives systems to dentin [5]. Eugenol (2-methoxy-4-allylphenol) is a phenolic
compound that reacts with free radicals and may inhibit the polymerization of resin
monomers [6], including adhesive systems, reducing their bond strength values. The
reaction between zinc oxide and eugenol in the presence of water results in zinc
eugenolate but this reaction is reversible when exposed to water, with the consequent
release of eugenol and zinc hydroxide [7]. The released eugenol in contact with
dentin’s surface can modify its characteristics [8]. Also, eugenol can be trapped into
dentin tubules and contribute to impair the polymerization of adhesive systems [9, 10].
Therefore, it is expected that factors such as the removal technique and the exposure
time to eugenol based-materials could be important when considering its influence on

adhesive restorations.
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Despite the possible detrimental effect of eugenol, contradictory findings exist
concerning bond strength to dentin previously exposed to eugenol based-materials. A
significant decrease in bond strength of adhesives to dentin was noticed, regardless of
the bonding strategy - total-etch [11-15] or self-etch [5, 11, 14, 16], suggesting that
using eugenol based-materials before adhesive restorations placement should be
avoided. However, a more pronounced reduction seems to be related to the use of
self-etch systems [11].

Thus, this study aimed to systematically review the literature for laboratory
studies that evaluated the influence of temporary eugenol-based materials on the
dentin bond strength of adhesive systems. The following research question was
answered: Do temporary eugenol-based materials reduce the bond strength values of

adhesive systems to dentin?

2. Materials and methods

This systematic review was reported following the Preferred Reporting ltems for

Systematic Reviews and Meta-Analyses (PRISMA) statement [17].

2.1. Search strategy

A literature search conducted in MEDLINE via PubMed, Web of Science (ISI —
Web of Knowledge) and Scopus databases to identify studies that evaluated the effect
of eugenol-based restorations on the bond strength of adhesive systems. The search
was conducted with no publication year or language limits. The subject search used a
combination of controlled vocabulary and free text terms based on the search strategy

available for the PubMed/MEDLINE database, as follow: ((((((((((((((((((Dentin-Bonding
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Agents[MeSH Terms]) OR Dentin-Bonding Agents) OR Agents, Dentin-Bonding) OR
Dentin*[MeSH Terms]) OR Dentin*) OR Bonding Agents) OR Agents, Dentin Bonding)
OR Dentin Bonding Agents) OR Adhesive*) OR Adhesive systems) OR Total-etch
adhesive*) OR Conventional adhesive*) OR Etch-and-rinse adhesive) OR All-in-one
adhesive*) OR All-in-one) OR Self-etch*)) AND (((((((((((((Zinc Oxide-Eugenol
Cement[MeSH Terms]) OR Zinc Oxide-Eugenol Cement) OR Cement, Zinc Oxide-
Eugenol) OR Oxide-Eugenol Cement, Zinc) OR Zinc Oxide Eugenol Cement) OR
ZOE) OR ZOE cement) OR zinc oxide cement) OR temporary restoration) OR
temporary cement) OR eugenol-based restoration*) OR oxide-eugenol) OR eugenol))
AND ((((((((((((((Tensile strength[MeSH Terms]) OR Tensile strength) OR Bond*) OR
Bond strength) OR Degradation bond strength) OR Longevity) OR Microtensile) OR
Micro tensile) OR Microshear) OR Micro shear) OR Shear) OR Shear strength[MeSH
Terms]) OR Shear strength) OR Dentin Bond*). This strategy was adapted to Web of
Science and Scopus platforms. To retrieve all relevant papers, reference lists of
included papers and related reviews also were checked. The search results were
cross-checked to find and remove duplicates. The last search was executed on march,

2020.

2.2. Selection, inclusion and exclusion criteria

The titles and abstracts of studies were reviewed independently by two review
authors (L.S.R. and F.Z.M.S) and were selected according to the inclusion criteria: (1)
studies that evaluated the influence of eugenol-based materials on the performance of
adhesive systems, and (2) in vitro studies that assessed the bond strength to coronal
enamel and/or dentin. The full texts of all studies that full-filled the inclusion criteria for
eligible papers were then reviewed independently considering the exclusion criteria:

(1) did not evaluate immediate or aged bond strength data, and (2) lack of control group
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(without the use of eugenol-based material). Papers that did not provide mean values
of bond strength, in megapascals (MPa) and respective standard deviation, even after
e-mail requests to authors (at least twice), were excluded.

The independent reviewers were calibrated in accordance with
inclusion/exclusion criteria and agreement between reviewers was found to be good
(Kappa = 0.89), any disagreement was resolved by consensus with a third reviewer

(R.O.R.).

2.3. Data extraction

The following data were extracted from the included articles: demographic
information (authors and publication year, first author's country) and research
methodology (mean values and standard deviations (SD) of the bond strength, the type
of mechanical test, the number of teeth, number of specimens, substrate, days of
storage, cleansing method, temporary agent, adhesive system, and composite resin).
For those articles that provided insufficient data to be included, the first or
corresponding author was contacted whether they could provide additional data. One
reviewer collected the data of the included studies using a predefined data extraction

sheet.

2.4. Risk of bias assessment

Two authors (L.S.R. and F.Z.M.S) independently evaluated the risk of bias of
each included study based on previous systematic reviews of in vitro studies [18, 19].
The description of the following parameters was checked in each study: randomization
of the teeth for experimental groups, sample size calculation, use of sound teeth,
similar cross-section area for specimens for both control and experimental groups,

failure mode description, restorative procedures by a single operator, blinding the
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operator of the testing machine, materials used according to the manufacturer's
instructions, and the same and informed cleansing method to remove the temporary
cement. If the parameter was described in the text, the study received a “yes”,
otherwise it had a “no”. The risk of bias was classified according to the sum of “yes”
received as follows: 1 to 3 = high; 4 to 6 = medium; 7 to 9 = low risk of bias.

2.5. Data analysis

Meta-analyses were performed using the inverse variance method and the
random-effect model comparing experimental (temporary eugenol-based materials
exposed substrate) and control (no temporary eugenol-based materials exposed
substrate) groups; p < 0.05 (Z test) was considered significant. For studies that
evaluated more than one adhesive system, cleaning method, or exposure time to
temporary material, means were combined into one mean and standard deviation of
bond strength for each group (experimental and control) using a formula suggested by
Cochrane Statistical Guidelines.

The analyses were performed in Review Manager (RevMan) [computer
program] version 5.4, The Cochrane Collaboration, 2020 and forest plots were created
to illustrate the meta-analyses. Statistical heterogeneity among studies was assessed
by the Cochran Q test, and inconsistency test (I?), with 1> > 75% considered
considerable heterogeneity, and the chi-squared test with a p value <0.10 to define

significant heterogeneity [20].

3. Results

3.1. Study Selection
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Figure 1 shows the flowchart summarizing the study selection process. The
search strategy identified 601 potentially relevant records of PubMed (MEDLINE), 57
of ISI Web of Science, and 64 of Scopus databases. The first screening resulted in 35
studies remained for full-text reading, and after, 27 papers were included in the
systematic review. One paper presented insufficient data and was not included in the
meta-analyses; thus, 26 studies were considered in the meta-analyses.

3.2. Descriptive analysis

Table 1 describes a detailed summary of the included studies. Most studies were
conducted by Brazilians (7 studies), in English (two studies were in Chinese), and were
published between 1992 and 2018.

All included researches conducted a mechanical test, mostly (18) 'macro' tests
(shear and tensile bond strength tests) [5, 10, 12-14, 21-33] and 9 conducted 'micro’
tests (microshear and microtensile tests) [11, 34-41].

The majority of papers (26) considered the bond strength to dentin, and none of
them evaluated enamel as bonding substrate. The exposure time to temporary
eugenol-based materials ranged from one to forty-five days of storage. It was verified
that in the greater part of works (16) the specimens were submitted to 7 days of
temporary eugenol-based materials exposure. From the 26 studies included in the
meta-analysis, 15 evaluated luting cements, 23 total-etch systems and 11 self-etch
systems. The most noted temporary agent brand was Temp Bond, whereas related to
adhesive systems the most observed were Adper Single Bond (8 studies), Gluma, and
Clearfill SE Bond, totalizing 23 total-etch systems and 11 self-etch systems. Luting
cement was used in 15 studies (7 brands), and 15 commercial brand names of resin
composite were used in 12 studies. Regarding the cleaning method for temporary

eugenol-based materials, scaler was the most adopted, combined or not with pumice.
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3.3. Meta-analysis

The meta-analyses were performed considering the influence of temporary
eugenol-based materials on the bond strength of adhesive systems to dentin (global
analysis — figure 2). The exposure time to temporary eugenol-based materials was
considered in the subgroups analyses, including 24 hours (figure 3), 7 days (figure 4),
and 14 to 45 days (figure 5), as the luting cement (figure 6), and the adhesive systems
by etching strategy were also considered in a separate analysis (figures 7 and 8).

The global meta-analysis favored the bond strength to dentin unexposed to
temporary eugenol-based materials (control group), i.e., temporary eugenol-based
materials impair the bond strength of adhesive systems to dentin, with an effect size of
Z=4.3 (p<0.00001) with heterogeneity of 78%. Figure 1 presents the forest plot of the
analysis between temporary eugenol-based materials exposed and unexposed dentin.
The negative effect of temporary eugenol-based materials on bond strength was also
verified for the subgroup meta-analysis, considering the exposure times, lower bond
strength was observed for temporary eugenol-based materials groups at 24 hours
(effect size of Z=2.93; p=0.003) and 7 days subgroups (effect size of Z=5.22;
p<0.00001). However, after 14 to 45 days of temporary eugenol-based materials
exposure subgroup, no significant difference was observed between control and
experimental groups (effect size of Z=0.1; p=0.92). Considerable heterogeneity was
found for the 24 hours of exposure time subgroups meta-analyses (1> = 92%;
p<0.00001). For 7 days and 14 to 45 days subgroups meta-analysis, the heterogeneity
was respectively, 12=43% (p=0.04) and 1% = 0% (p=0.90).

The adverse effect of temporary eugenol-based materials on bond strength was

also observed for subgroups analysis considering luting cement (effect size of 2.39,
p<0.00001); total-etch adhesive systems (effect size of 3.59, p<0.00001) and self-etch

adhesive systems (effect size of 3.83, p=0.0001). Heterogeneity was observed for
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subgroups, luting cement (1> = 75%, p<0.00001), total-etch adhesive systems (|2 =

76%, p<0.00001), and self-etch adhesive systems subgroup (1> = 69%, p=0.0004).

3.4. Assessment of risk of bias
In this systematic review, of the total of 27 papers included, none were classified
as low risk of bias, whereas 92,6% of included studies scored medium risk of bias, and
only two studies were classified as having a high risk of bias (Table 2).
The parameters that most frequently received “No” (not clearly described in the
text) were the sample size calculation, presence of a blinded operator of the testing
machine, and failure mode analysis description. Randomization of specimens for

experimental groups was not informed by 9 studies [10-12, 23, 28, 29, 35, 37, 39]

4. Discussion

Temporary restorations are frequently necessary for direct and indirect procedures
until the placement of final restorations. Zinc oxide-eugenol based temporary cement
is the most used material for this purpose, given its adequate sealing ability, sedative
effect, being easy to handle, and removal [3]. The eugenol, however, supposedly
interfere in resin polymerization, as on the bonding performance. The present
systematic review and meta-analysis was the first to summarize the data from
laboratory studies regarding the influence of temporary eugenol-based materials on
the bond strength of adhesive systems to dentin. The pooled bond strength data
showed statistically lower bond strength values for dentin exposed to temporary
eugenol-based materials (experimental group) compared to non-exposed dentin

(control group). The adverse effect of the temporary eugenol-based materials persists
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even when the restoration is maintained for up to 7 days, and it only ceased to influence
the bond strength values when the temporary eugenol-based restorations were
maintained for longer periods (14 to 45 days).

The low bond strength values obtained from dentin previously exposed to
temporary eugenol-based materials may be a consequence of the impaired degree of
conversion of a resin-based material. Eugenol is a recognized radical scavenger that
can protonize the free radicals of polymeric materials during the polymerization,
imparting their degree of conversion [42], and ultimately, the bond strength. Moreover,
alterations on the dentin substrate have also been observed as eugenol released can
chelate calcium from dentin causing a softening effect [8]. In a previous systematic
review, Altman et al. (2015) [42] found that the eugenol-based sealer reduces the bond
strength of fiber posts luted to root canal with resin cement, regardless of the type of
adhesive. Nevertheless, the present systematic review considered the eugenol
influence on the bonding of adhesive systems to coronal dentin, and also pointed out
the negative eugenol on bond strength values.

The stratification of our meta-analysis by the exposure time of temporary
eugenol-based restoration showed, however, that the negative influence of eugenol
was not perceived when the restorations were maintained for 14 to 45 days, indicating
no detrimental effect of temporary eugenol-based material on the bond strength of
adhesive systems after at least 14 days. It should be noted, however, that only 3
studies evaluated eugenol exposition longer than 7 days; two studies considered 14
days[5, 40], and one study included an evaluation after 45 days [37].This result
confirms the primary studies in which the effect of eugenol was not seen after at least
14 days, probably by the reduced eugenol concentration in dentin [9], incapable of

exerting an inhibitory effect on resin polymerization [40].
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The subgroup meta-analysis also demonstrates that temporary eugenol-based
material produces an adverse effect on the bond strength of luting cement to coronal
dentin, as pointed out by previous systematic review, considering the bond strength of
fiber posts luted to root canal with resin cement. In our systematic review, adhesive
systems were also adversely affected by temporary eugenol-based material,
regardless of the etching strategy. Although it is attributed to acid etching to the
possible elimination of residual eugenol and consequently the adverse effect on etch-
and-rinse adhesives [9], this has not been confirmed in this systematic review, as the
subgroup meta-analysis by adhesive system strategy pointed out higher bond strength
values for control groups, regardless of whether it is an etch-and-rinse or self-etch
system.

In the present study, the meta-analysis could not be stratified by substrate,
because none of the 27 studies included in the systematic review evaluated the bond
strength to the enamel. This may be associated with a presumed minor or even non-
existent effect of eugenol on enamel bonding, because of its histological
characteristics, and less diffusion of eugenol inside it. Regarding the adhesive
systems, several trademarks were evaluated in primary studies, with representatives
of the etch-and-rinse and self-etching categories, as well as the temporary cement.
Also, four mechanical tests (shear and microshear, tensile, and microtensile) were
used to evaluate the bond strength, as well as the dentin of bovine and human teeth
were considered as bonding substrate. This variability contributes to the heterogeneity,
which is consistent with previous systematic reviews of in vitro studies [19, 44].
Furthermore, undescribed parameters, such as sample size calculation, presence of a
blinded operator of the testing machine, and failure mode analysis description.,

contributed to the classification of most studies as having a medium risk of bias,
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highlighting the need for more accuracy in the description of the methodology, even in
laboratory studies [45].

Even if the present systematic review considered only laboratory studies, the
obtained results reveal that the use of the eugenol-containing temporary material
affects the bond strength of adhesive systems, at least up to one week. Further studies
should be conducted considering longer exposure time to determine until when
eugenol based material compromises the bond strength of the adhesive system,

enabling to outline a protocol for temporary restorations.

5. Conclusions

Based on this meta-analysis of in vitro studies, temporary eugenol-based
materials reduced the bond strength values of adhesive systems to dentin, regardless
of the bonding approach. The adverse effect disappears if the temporary eugenol-

based restoration is maintained for at least 14 days.
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SBS

MSBS: microshear bond strength; uTBS: microtensile bond strength; SBS: shear bond strength; TBS: tensile bond strength

Table 1 — Descriptive data from included studies in systematic review.
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Paper Randomization | Sample | Teeth free | Similar Failure Manufacturer’s | Single Operator | Cleansing | Risk of bias
size of caries cross mode instructions operator | blinded method
section

Al Wazan Y N N Y N Y N N Y medium
Bagis Y N Y Y Y Y N N Y medium
Boushell Y N Y Y Y Y N N Y medium
Carvalho N N Y Y Y Y N N Y medium
Erkut N N Y Y N Y N N Y medium
Fiori-dJunior Y N N Y N Y N N Y medium
Fonseca N N Y Y N Y N N Y medium
Frankenberger | Y N Y Y N N N N Y medium
Han Y N Y Y N Y N N Y medium
Leirskar N N Y Y Y Y N N Y medium
Macchi Y N Y Y N N N N Y medium
Martin Y N N N N N N N Y high
Mayer N Y Y Y N Y N N Y medium
Munirathinam | N N Y Y Y Y N N Y medium
Nasreen Y N Y Y N Y N N Y medium
Paul Y N N Y N Y N N Y medium
Peutzfeld Y N Y Y N Y N N Y medium
Peutzfeld Y N Y Y N Y N N Y medium
Pinto N N Y Y Y Y N N Y medium
Ribeiro Y N Y Y Y Y N N Y medium
Salama Y N Y Y N Y N N Y medium
Sanabe N N Y Y Y Y N N Y medium
Silva Y N Y Y N Y N N Y medium
Terata N N N Y N Y N N Y high
Wongsorachai | Y N Y Y Y Y N N Y medium
Yap Y N Y Y Y Y N N Y medium
Zhang Y N N Y Y Y N N Y medium

Table 2 — Risk of bias assessment.
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Figure 1 — Flowchart diagram of study selection according to PRISMA statement.
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Eugenol Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI N, Random, 95% CI
Al'VWazan 1997 402 283 20 B77 342 40 41%  -0.84 [1.40,-0.29] —
Bagis 2011 1674 87 15 21 835 30 38%  -0ES[1.32,-0.04] —
Boushell 2011 166 777 20 28 7.08 20 3.6%  -1.50[2.21,-0.79] —*—
Carvalho 2007 239 628 16 293 451 18 36%  -0.97 [1.66,-0.27] ——

Erkut 2007 17 54 40 1827 683 B0 45% -0.20 [F0.60, 0.20] -
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Han 2008 1651 315 10 1685 194 10  3.0% -0.53 [1.42, 0.37] =
Leirskar 2000 2687 972 33 14 E 16  3.9% 0.85[0.23,1.47) e
Macchi 1992 141 102 19 159 125 68 42% -0.15 [-0.66, 0.36] S
Martin 1097 027 042 8 254 271 1B 20%  -0.087 [1.87,-0.07] —
Maver 1987 114 855 40 124 801 40  4.4% -0.12 [0.56, 0.37] —r
Munirathinam 2012 265 053 20 467 048 20 26%  -3B5[473,-763 —_—

Masreen 2014 195 &1 B0 2223 262 20  4.2%  -0.58[1.10,-0.07] ——
Paul 1997 418 B.72 32 675 628 128  4.6%  -0.400.79,-0.01] -
Peutzfeld 1999 165 7.26 16 175 601 32  3.9% -0.15 [0.75, 0.45] —r
Peutzield 2008 1383 BA7 B4 1444 627 B4 4T7% -0.08 [0.42, 0.27] -+
Pinto 2014 4047 1798 30 4975 1208 10 3.5% -0.54 [1.27, 0.18] e
Ribeiro 2011 334 1468 10 3895 1548 20 3.4% -0.35 112, 0.41] —T
Salama 2005 994 207 32 1222 102 16  3.8%  -1.251.00,-0.59] o=
Sanahe 2009 5.9 14.76 54092 1224 16 31% -0.37 [1.23, 0.49] el
Sitva 2011 2336 583 90 248 G611 30 45% -0.24 F0.6B, 0.17) —r
Terata 1994 97 239 20 1062 254 40  41% -0,36 [0.91, 0.18] —
Wongsorachai 2018 3713 968 30 5149 493 30  39% 184245123 —

Yap 2001 17.06 495 16 1887 72 16 36% -0.30 [1.00, 0.40] —
Zhang 2004 1375 452 16 1323 457 16 36% 0.11 [0.58, 0.81] —_—
Total (95% CI) 702 866 100.0%  -0.53[-0.77,-0.29] #
Heterogeneity, Tau= 0.29; Chi#= 112.45, df= 25 (P < 0.00001) F= 78% = =

4 -2 0 2 4

Testfor overall effect 2= 4.30 (P < 0.0001) Favours [control] Favours [sugenal]

Figure 2 — Global meta-analysis of bond strength, in MPa. Substrates previously exposed to eugenol-based materials versus control.
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Eugenol for 24h Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean S0 Total Mean S0 Total Weight IV, Random, 95% CI I, Random, 95% Cl
Carvalho 2007 239 628 18 1348 4481 18 9.2% 1.79[1.00, 2.47] —
Fiori-Junior 2010 451 272 20 533 224 G0 9.7% -0.34 [-0.85,0.17] =T
Han 2008 1481 314 10 1695 194 110 8.9% -0.83[-1.42,0.37] —=1
Marin 1997 027y 042 g 2584 27 16 2.9% -0.97 [1.87,-0.07] ==
Mayer 1997 11.4 8455 a0 124 8. 40 48% -0.12 [-0.56, 0.32] -
Munirathinam 2012 265 045849 20 467 048 20 2.5% -368[-4.73,-2.63] I
Masreen 2014 1318 1.44 20 2223 262 20 8.2% -4 20 [-5.35,-3.09] —_—
Paul 1997 418 EBT7Z2 32 BTYs  B29 128 59.9% -0.40 [F0.79,-0.01] Ed
Pinto 2014 336 1417 10 4975 12.08 110 8.7 % S1AT 214, -0.21] —=
Silva 2011 13.9 a4 M0 243 a.4 110 2.6% -1.85[-2.58,-0.43] — =
Wongsorachai 2018 3713 9.68 30 5149 4494 30 4.5% -1.84 [2.45,-1.23] —
Total (95% CI) 218 362 100.0% -1.12 [-1.88, -0.37] ’
Heterogeneity: Tau*=1.44; Chi*=133.18 df=10(P = 0.00001); F=92% 11 0 E;:, ] é 1i:|

Test far overall effect: £=2.93 (F=0.003)

Favours [controll]

Favours [24h exposure]

Figure 3 — Subgroup meta-analysis of bond strength, in MPa. Substrates previously exposed to eugenol-based materials for 24 hours versus

control.



Eugenol Control Mean Difference Mean Difference
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Al'VWazan 1997 402 283 20 BYY 347 a0 108% -27a[4.38,-117]

Bagis 2011 1674 a7 14 21 8345 an 1.7% -526[9.41,-1.11]

Erkut 2007 17 a.4 a0 1827 683 G0 0% -1.27 [F3.68,1.14] — 1
Fonseca 2004 258058 437 14 2363 437 an 2 6% 1.42 [1.91, 4.748] —
MNasreen 2014 2283 2481 20 2223 2R2 20 11.58% 0.70 [-0.89, 2.29] B
Feutrfeld 1999 1645 7.26 16 1748 6.0 az 1.7% -1.00[512, 317

FPeutrfeld 2006 1383 K87 G4 1444 E2T fd AE%  -0481[F279177] S
Pinto 2014 40585 238 10 4875 12.08 10 0.1% -9.20[25.74,7.34] ¢

Riheiro 2011 33.4 1468 10 38495 1549 20 0.2% -554[16.90, 580 *

Salama 2004 8484 207 32 1222 1.02 16 38.0% -2.28[3148,-1.41] -

Sanahe 20049 3589 1476 g 4092 1224 16 0.2% -5.02[16.82, 6.84] *

Silva 2011 26 3.8 1M 243 a.4 10 0.9% 1.70 [-4.01, 7.41]

Terata 1894 97  2.349 20 1062 254 0 16.8% -092[2.23, 039 T

Yap 2001 17.08 4.95 16 18.97 7.2 16 1.6% -1.89[6.17, 2.39]

Zhang 2004 1375 4452 16 13.23 447 16 2.9% 052 263, 3.67] — =
Total (95% CI) 312 420 100.0% -1.44[-1.98, -0.90] &+
Heterogeneity: Chif= 24 76, df=14 (P=0.04) F=43% 5 5 '

10 5 0 5 10

Testfor overall effect: £= 522 (P = 0.00001) Favours [control] Favours [eugenol]

Figure 4 — Subgroup meta-analysis of bond strength, in MPa. Substrates previously exposed to eugenol-based materials for 7 days versus

control.



Eugenol Comtrol Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight N, Random, 95% CI IV, Random, 95% CI
Masreen 2014 2241 3 20 2223 262 20 501% 0.06 [-0.96, 0.68]
Pinto 2014 4725 1306 10 4975 12.08 10 24.9% -0.19 [1.07, 0.69]
Silva 2011 241 4.2 1m 243 2.4 m 250% -0.03 [-0.91, 0.85]
Total (95% CI) 40 40 100.0% -0.02 [-0.46, 0.42]

Heterageneity, Tau®=0.00; Chi*=021,df=2{(F=0.90) F=0%

2 1 0 1

o ~ 7
Testforoverall effect: 2= 0.10 (P = 0.42) Favours [control] Favours [eugenol]

Figure 5 — Subgroup meta-analysis of bond strength, in MPa. Substrates previously exposed to eugenol-based materials for 14 to 45 days

versus control.
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Heterogeneity: Tau?= 0.33; Chi*= 56.38, df= 14 (P = 0.00001); F= 75% l?_ :1 r ,i é

Test for overall effect: Z=2.39 (P =0.02)

Favours [Mo Eugenal]

Favours [Eugenol]

Figure 6 — Subgroup meta-analysis of bond strength, in MPa. Substrates previously exposed to eugenol-based materials versus control using

luting cements.
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Figure 7 — Subgroup meta-analysis of bond strength, in MPa. Substrates previously exposed to eugenol-based materials versus control using

total-etch adhesive.
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Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bagis 2011 1421 B4 5 2436 1034 10 B.4% -1.03F219,013]
Boushell 2011 166 777 20 28 T.08 20 5.9% -1.80 F2.21,-0.74] —
Carvalho 2007 M7 B 12 279 489 12 8.5% -1.07 [1.94,-0.20] —=
Mayer 1997 16.9 74 20 173 7.8 20 10.8% -0.05 067, 0.57] —_
Masreen 2014 19.5 5.1 B0 2223 262 20 11.8% -0.59 [1.10,-0.07] Ball
Peuteeld 2006 1242 443 48 1272 4 Fi 48 12.8% -0.07 [-0.47,0.33] -
Finto 2014 24487 828 18 391 4.2 il B.1% -1.84 [3.03,-0.64] E—
Ribeiro 2011 274 123 5 375 11149 10 F.8% -0.35 [1.44,0.773)
Sanahe 2009 a1 138 4 404 11.53 a8 A8.7% -0.78 [-2.04, 0.48]
Silva 2011 2336 583 90 248 611 a0 127% -0.24 [-0.66, 0.17] e
Wongsorachai 2018 3352 1069 16 4882 465 15 2.a5% -1.81 F2.67,-0.94] —=
Totai (95% Cij 284 i98 100.0% -0.75 [-1.14, -0.37] >

Heterogeneity: Tau®= 0.26; Chi®= 3197, df=10(P=0.0004); F= 69%
Test for overall effect £= 3.83 (P =0.0001)
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Figure 8 — Subgroup meta-analysis of bond strength, in MPa. Substrates previously exposed to eugenol-based materials versus control using

self-etch adhesive.
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Highlights

Temporary eugenol-based materials significantly reduce bond strength of adhesive systems
from 24 hours to 7 days.

Temporary eugenol-based materials have no significant influence on bond strength values of
adhesive systems after 14 to 45 days.

Temporary eugenol-based materials significantly reduce bond strength values of adhesive

systems independently of the etching strategy.
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Effect of time of eugenol-based temporary cement restorations on dentin bond

strength

Abstract

Purpose: To evaluate the effect of zinc oxide-eugenol (ZOE) temporary restorative
cement on the bond strength of a total-etch adhesive system.

Materials and methods: Microshear bond strength to bovine dentin previously exposed
to a ZOE temporary restorative cement by different times were assessed. Flat dentin
surfaces from sixty-four sound bovine incisors (n=8) were exposed to ZOE temporary
restorative cement for 24 hours and 7, 15, 30, 60, 120, and 180 days before adhesive
system (Adper Single Bond 2) application. Dentinal surfaces not exposed to ZOE
temporary restorative cement were considered as a control group. Immediately after
temporary cement mechanically removal, resin composite cylinders (0.72mmz2) were
built and submitted to the microshear bond strength test (uSBS) after 24h. Failure
analysis was performed using a stereomicroscope (400X). Data analysis used Kruskal
Wallis, and post hoc Dunn tests (significance of 5%).

Results: Lower bond strength values were found with 24 hours, 7, 15, and 30 days
ZOE temporary restorative cement exposition compared to the control group (p<0.05).
Similar bond strength was found between ZOE temporary restorative cement
exposition times of 60, 120, and 180 days and control group.

Conclusion: ZOE temporary restorative cement jeopardizes the dentin bond strength
of a total-etch adhesive system for up to 30 days. The negative influence of ZOE
temporary restorative cement on bonding ceases after 60 days of restoration

placement.
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Introduction

Zinc oxide-eugenol (ZOE) cement is commonly used as a temporary restorative
material in endodontics;'"2% and restorative dentistry* because of its excellent
analgesic and sealing properties, radiopacity, low cost, and easy removal. Possibly the
main limitation of ZOE cement is its negative effect on polymeric materials, impairing
their polymerization.” Eugenol, a phenolic component of ZOE cement molecule has
radical-scavenging activity, inhibiting free radical polymerization in methacrylate
systems.30 Accordingly, adhesive systems based on bis-GMA and HEMA are
affected. Besides that, the cement particles that remain on the smear layer and inside
the dentin tubules may also contribute to the delaying of the polymerization reaction,
reducing bond strength at the adhesive interface?%121824 and acting as a physical
barrier to monomers diffusion.

The adverse effect of ZOE temporary restorative cement on adhesive systems,
as lower bond strength values, has been described?5'822 for both total-etch and self-
etch adhesive systems. However, no influence has also been observed in other
studies.’3819.2330 |t is fair to suppose that the eugenol released may interact with
calcium ions from hydroxyapatite after acid-etching, minimizing its negative effect on
resin polymerization. However, eugenol-free cement also reduced bond strength to
previously exposed dentin,?® also supporting the detrimental effect of cements particle,
as the removal of temporary cement by mechanical means seems to not be totally
effective, leaving remnants inside the substrate, especially in dentin, because its

structure allows the accumulation of material inside the dentinal tubules. Substrates
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that appear clinically clean may contain remnants of cement particles when observed
under microscopy.?’

Besides that, few studies evaluated the effect of eugenol on dentin bond
strength for periods longer than 15 days, and the results are also controversial.'#2’
Thus, this study aimed to evaluate the effect of zinc oxide-eugenol temporary
restorative cement on the bond strength of a total-etch adhesive system. The null
hypotheses tested were that: a) there would be no differences in the bond strength of
the adhesive system to ZOE temporary restorative cement exposed and non-exposed
dentin, b) the ZOE temporary restorative cement exposure time would not influence

the bond strength values.

Material and Methods

Tooth selection and preparation

Sixty-four freshly extracted, bovine incisors were stored in 0.5% chloramine at
4 °C for up to 30 days before being used in this study. The root portion was removed
using a diamond saw under water-cooling in a low-speed handpiece. The buccal
surfaces were ground under water cooling using a 100-grit SiC paper in a polishing
machine (EcoMet250, Buehler, Lake Bluff, IL, USA) to expose and obtain flat dentin
surfaces which were further ground manually on wet #600-grit SiC paper for 60

seconds to standardize the smear layer.

Experimental design
The teeth were randomly assigned into 7 experimental groups (n=8) according

to the ZOE temporary restorative cement exposure time (24 hours, 7, 15, 30, 60, 120,
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and 180 days), and the control group, without ZOE temporary restorative cement

exposure.

Temporary restoration

Dentinal surfaces were covered with a thick layer of a polymer reinforced zinc
oxide-eugenol temporary restorative cement (IRM, Dentsply Sirona, Petrépolis, Brazil)
mixed according to manufacturer’s instructions and pressed against the surface with
a glass slide.® After setting, specimens covered with ZOE temporary restorative
cement were stored in distilled water at 37 °C for the corresponding evaluation times.
After each exposure time, the ZOE temporary restorative cement was removed
mechanically using a spatula. The dentin surfaces were rinsed with air-water spray for
15 seconds and dried with mild airflow for 5 seconds.?* Teeth from the control group

were not exposed to ZOE temporary restorative cement.

Bonding procedures

All bonding procedures were performed immediately after the ZOE temporary
restorative cement removal. The 2-steps total-etch adhesive system Adper Single
Bond 2 (3M ESPE, St. Paul, MN, USA) was applied following manufacturers’
instructions by a single trained operator. Before the light-curing of the adhesive, starch
tubes (1 mm high x 0,96 mm internal diameter) were positioned over the dentin.?® After
light-curing the adhesive, the composite resin (Z250, 3M ESPE, St. Paul, MN, USA)
was applied into the starch tubes and using a WHO periodontal probe (Golgran, Sao
Caetano do Sul, SP, Brazil). After that each filled tube was individually light-cured for
20 seconds, with a curing light (EMITTER C, SCHUSTER, Santa Maria, RS, Brazil). In

each dentinal surface, 5 composite resin cylinders were built. The teeth with cylinders
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specimens were stored at 37 °C in deionized water for 24 hours before the microshear

bond strength test.

Microshear bond strength (uSBS) test

After storage the starch tubes were removed with water spray and Each
specimen was examined under a stereomicroscope at 40X magnification (Stereo
Discovery V20, Carl Zeiss; Rio de Janeiro, RJ, Brazil), and those with interfacial gaps,
bubble inclusion, or other defects were excluded and replaced. The teeth were
attached to a universal machine (Emic DL 1000, Equipment and Systems; Sdo Jose
dos Pinhais, PR, Brazil) using a stainless-steel wire loop (0.2 mm in diameter) placed
as close as possible to resin/dentin interface. Shear force was applied at a crosshead

speed of 1 mm/min until failure. All tests were performed by a single blinded operator.

Failure mode analysis

Specimens were examined under a stereomicroscope at 400X magnification by
a blinded examiner. Failures were classified as mixed/adhesive (failure at the
resin/dentin interface or mixed with cohesive failure of the adjacent substrate) or

cohesive (resin composite or dentin).

Statistical Analysis

The experimental unit in the study was the tooth. Thus, the failure stress value
for each tooth was calculated by averaging the values of the composite resin cylinders.
The sample size had been determined that, considering a mean difference of 20%
among groups and expecting a variation coefficient of 20%, a minimum of seven teeth

per group was required to achieve a power of 0.8 and an error probability of 5%.
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The bond strength values were calculated in MPa as means and standard
deviations. Normal distribution of the data was not confirmed with the Kolmogorov-
Smirnov test. The data were submitted to Kruskall-Wallis test, and post hoc Dunn test,
at a significance level of 0.05. Statistical analyses were performed using Minitab

software (Minitab; State College, PA, USA).

Results

The quantitative data are summarized in Table 2. The previous exposition to
ZOE temporary restorative cement jeopardized the bond strength of the adhesive
system to dentin even after 30 days. A statistically significant difference was found
between the control group and the groups 24 hours (p=0.006), 7 days (0.028), 15 days
(p=0.013) and 30 days (p = 0.029). No significant difference in ySBS was found
between the control group and the groups 60 days (p=0.91); 120 days (p=0.59) and
180 days (p=0.24). No pre-testing failures were observed in any experimental group

and all specimens showed adhesive mixed failure pattern.

Discussion

In the present study, ZOE restorative temporary cement significantly reduced
the bond strength values at 30 days of exposition, leading us to partially reject the first
null hypothesis. However, as the negative effect of ZOE temporary restorative cement
on bonding was not detected after the exposure time of 60 days, leading us to reject
the second null hypothesis. Two key factors attempt to explain the effect of eugenol-

based materials on the reduced bonding properties of the adhesives to previously
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exposed dentin, as the influence on monomers’ polymerization and mechanical
obstruction of dentinal tubules by cement particles.

The setting reaction of the zinc oxide-eugenol cement is an acid-base chelation
reaction to form a zinc eugenolate matrix surrounding by unreacted zinc oxide powder
particles. This reaction is reversible on exposure to water, the matrix undergoes
hydrolysis, with release eugenol to the environment.?? Eugenol is a phenylpropanoid,
a well-known free radical scavenger, that reacts with free radicals, inhibiting the
polymerization of methacrylate monomers,? and compromising the bond strength.
Thus, the eugenol incompatibility with the resin polymerization may explain the lower
bond strength values obtained in this study in the first ZOE temporary restorative
cement exposure times. Previous studies also found the negative effect of ZOE cement
on the bond strength values, after the exposition time of 24 hours,>%1822 7 days,?9%14
and even after 28 days of eugenol exposure.'

However, there are few data on the ZOE cement influence on the bond strength
to dentin after longer exposure times, that could point out if eugenol negative effect
would continue over time. ZOE temporary restorative cement did not affect the bond
strength after exposition of 60 to 180 days comparing to control group. The authors
speculate that the eugenol release cease after these times, as its interference on resin
monomers’ polymerization. A previous study already showed similar bond strength
values between unexposed dentin and dentin exposed up to 45 days to ZOE temporary
restorative cement.?’ Additionally, bond strength values remained stable up to 180
days, probably indicating that the eugenol released from the cement by hydrolysis was
not able to reduce the adhesive polymerization after 60 days.'> Furthermore, the
replacement of the storage media (distilled water) every 7 days, avoiding eugenol

saturation and simulating clinical situations® may also explain it.
y
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Some authors attribute impaired bond strength to dentin previously exposed to
ZOE temporary restorative cement to cement particles remaining on the smear layer
and inside the dentin tubules, acting as a physical barrier that may compromise resin
monomers infiltration and resin tags formation.?®2° The cement removal is usually done
mechanically with hand scaler or alongside with prophylaxis with pumice-water
slurry,'827 even so, cement particles remain within the dentin tubules even though the
dentin surface appears visually free of cement particles.?” It remains to be seen,
however, whether these particles are capable of damaging adhesion by eugenol
releasing or acting as impurities on hybrid layer formation. According to Mayer et al.
(1997)'® the cement residues do not impair the bond strengths, even if ZOE particles
interfere with the morphology of the resin-dentin hybrid layer as viewed under confocal
laser scanning microscopy. In this study, after 60 days of ZOE temporary restorative
cement, the bond strength of total-etch to dentin achieved similar values to non-
exposed dentin (control group), supporting the idea that neither ZOE particles nor
residual eugenol are able to interfere with bonding after longer times.

Probably the use of a total-etch adhesive system favored these results, likely
reducing the amount of ZOE cement particles, as the pretreatment with phosphoric
acid results in smear layer removal and intertubular dentin demineralization to a depth
up to 10 um,' being able to reduce the deleterious effect of prior ZOE temporary
restorative cement dentin exposition.” Besides that, water rinsing after acid-etching
also may contribute to remove the ZOE cement particles. Is worthy to mention that the
adhesive used in this study has ethanol as one of the solvents and eugenol’s high
susceptibility to solvation in this media may have contributed to the presented results.?
In this sense, further studies are required to explore more adhesive systems, mainly

self-etch materials.
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According to the present results, it may be hypothesized that longer delay times
(at least 60 days) seems to be sufficient for eliminate the negative influence of ZOE
temporary restorative cement on bonding, whereas freshly made ZOE temporary

restorations compromised the bond strength to dentin.

Conclusion

Within the limitations of the current study, it is possible to conclude that the
freshly ZOE temporary restorations jeopardize the dentin bond strength of a total-etch
adhesive system to dentin. ZOE temporary restorations made after two months no

longer have this negative effect.

Clinical relevance

The findings of this study suggest that restorative temporary cements containing

eugenol may be safe to use prior resin restorations after two months of use.
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Tables

Table 1. Composition and manufacturer’s instructions of the materials used*

Material (Batch) Composition Application mode
1. Powder - zinc
IRM (Dentsply, P_etropohs, RJ, oxide, PMMA 1. Mixed at powder:liquid ratio 6:1 for
Brazil) powder 60 seconds
(361346L) 2. Liquid - eugenol,
acetic acid

Fusion Duralink (Angelus,
Londrina, PR, Brazil)
37% phosphoric acid

(45347)

Phosphoric acid,
filler, water,
pigments

1. Apply etchant for 15 seconds. Rinse for
) 10 seconds. Blot excess water using a cotton
Dimethacrylate pellet or mini-sponge. The surface should

Adper Single Bond 2 resins, HEM“:IA\, appear glistening without pooling of water.
(3M-ESPE, St. Paul, MN, USA) Vitrebond 2. Immediately after blotting, apply 2-3
’N ; 1’ ’ Copolymer, Filler, consecutive coats of adhesive for 15
(N868091) Ethanol, Water, seconds with gentle agitation using a fully
Initiators saturated applicator. Gently air thin for five

seconds to evaporate solvents. 3. Light cure
for 10 seconds.

Filtek 2250 (3M-ESPE, St. Paul,  Bis-GMA, Bis-EMA,
MN, USA) UDMA, zirconia,
(1924800555) silica

1.Light-activation (40 seconds—
600mW/cm?)

*According information provided by manufacturers PMMA: polymethyl methacrylate; HEMA: 2-hydroxyethyl
methacrylate; bis-EMA: ethoxylated bisphenol A dimethacrylate; bis-GMA: bisphenol A diglycidyl methacrylate;
UDMA: urethane dimethacrylate

Table 2. ySBS (MPa) of the adhesive system to dentin of the experimental groups
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gr:gtiﬁeagfno;déragnggenol exposure (l\:/lelziigéfstandard deviation) [tested Median Q1 Q3

Control 17.0 (2.7) [40] 16.4 15.5 17.9
24 hours 13.2 (1.4) [40] 12.7* 12.3 14.3
7 days 13.8 (2.5) [40] 13.1* 124 15.1
15 days 13.6 (2.4) [40] 12.7* 12.1 15.3
30 days 14.2 (3.4) [40] 13.1* 11.8 14.9
60 days 17.0 (2.3) [40] 17.4 15.4 18.2
120 days 15.8 (2.0) [40] 15.2 14.5 17.4
180 days 15.9 (4.1) [40] 14.1 134 17.9

Medians marked with * are significantly lower than the control group.
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4 CONCLUSAO

Com base nos achados do presente trabalho foi verificado que cimentos
contendo eugenol na composi¢cao sdo capazes de influenciar de forma negativa a
resisténcia de unido de sistemas adesivos.

No primeiro trabalho, 27 estudos que avaliaram materiais contendo 6xido de
zinco e eugenol e sistemas adesivos foram selecionados dentre os 603 trabalhos
iniciais encontrados nas principais bases de dados. Dos 27 estudos, 26 entraram na
metanalise e foi realizada uma analise global, favorecendo o grupo controle. Nas
analises por subgrupos, quando divididos em trabalhos que avaliaram 24 horas, 7
dias, cimentos resinosos, sistemas adesivos de condicionamento acido total e
sistemas adesivos autocondicionantes, todos independentemente, o grupo controle
foi favorecido. Apenas a analise dos tempos entre 14 e 45 dias nao apresentaram
diferencas entre os grupos, possuindo um numero muito pequeno de trabalhos com
longos tempos de envelhecimento, indicando a necessidade de estudos que avaliem
esses tempos ou tempos ainda maiores; o que levou a realizagdo da segunda
pesquisa.

No segundo trabalho, restauragbes provisérias de OZE foram realizadas em
dentina, mantidas por 24 horas, 7, 15, 30, 60, 120 e 180 dias e comparadas a um
grupo controle, que nao recebeu restauragbes provisoérias. Menores valores de
resisténcia de unido foram registrados nos grupos experimentais entre 24 horas e 30
dias. A partir de 60 dias, até 180 dias, OZE nao teve influéncia estatisticamente
significante nos valores de resisténcia de unido com dentina.

Assim, conclui-se que os efeitos deletérios do eugenol na resisténcia de uniao
de sistemas adesivos é dependente do tempo em que as restauragdes provisorias
com cimentos contendo eugenol na composi¢ao ficam em contato com o substrato até
o momento da restauracdo final. Periodos de 24 horas até 7 dias sdo criticos,
enquanto a partir de 14 dias os efeitos deletérios tendem a nao serem mais

percebidos.
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Please include a very brief (2 sentences or 3 lines) clinical relevance statement.
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The first 8 printed pages in an article are free of charge. For excess pages, the charge

is €140 per printed page. The approximate number of characters on a printed page is

approximately 6,800. Please also consider the number and size of illustrations.
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ANEXO B - NORMAS PARA PUBLICAGAO NO PERIODICO DENTAL
MATERIALS

GUIDE FOR AUTHORS

INTRODUCTION

Authors are requested to submit their original manuscript and figures via the online
submission and editorial system for Dental Materials. Using this online system, authors
may submit manuscripts and track their progress through the system to publication.
Reviewers can download manuscripts and submit their opinions to the editor. Editors
can manage the whole submission/review/revise/publish process. Please register at:
https://www.editorialmanager.com/dentma/default.aspx. Dental Materials now only
accepts online submissions. The Artwork Quality Control Tool is now available to users
of the online submission system. To help authors submit high-quality artwork early in
the process, this tool checks the submitted artwork and other file types against the
artwork requirements outlined in the Artwork Instructions to Authors on
https://www.elsevier.com/artworkinstructions. The Artwork Quality Control Tool
automatically checks all artwork files when they are first uploaded. Each figure/file is
checked only once, so further along in the process only new uploaded files will be
checked.

Manuscripts

.Submitted manuscripts must relate directly to both Materials Science and
Dentistry. The journal is principally for publication of Original Research Reports,
which should preferably investigate a defined hypothesis. Maximum length 6 journal
pages (approximately 20 double-spaced typescript pages) including illustrations and
tables.

Systematic Reviews will however be considered.Prior approval must be sought
from the Editor before submission of Review Manuscripts. Authors should send
the Editor a structured abstract of the proposed review topic.Intending authors should
communicate with the Editor beforehand, by email, outlining the proposed scope of the
review. Maximum length 10 journal pages (approximately 33 double-spaced typescript
pages) including figures and tables.

Three copies of the manuscript should be submitted: each accompanied by a set of

illustrations. The requirements for submission are in accordance with the "Uniform
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Requirements for Manuscripts Submitted to Biomedical Journals", Annals of Internal
Medicine, 1997,126, 36-47. All manuscripts must be written in American English.
Authors are urged to write as concisely as possible.

The Editor and Publisher reserve the right to make minimal literary corrections for the
sake of clarity. Authors for whom English is not the first language should have their
manuscripts read by colleagues fluent in English. If extensive English corrections are
needed, authors may be charged for the cost of editing. For additional reference,
consult issues of Dental Materials published after January 1999 or the Council of
Biology Editors Style Manual (1995 ed.).

All manuscripts should be accompanied by a letter of transmittal, signed by each
author, and stating that the manuscript is not concurrently under consideration for
publication in another journal, that all of the named authors were involved in the work
leading to the publication of the paper, and that all the named authors have read the
paper before it is submitted for publication.

Always keep a backup copy of the electronic file for reference and safety.
Manuscripts not conforming to the journal style will be returned. In addition,
manuscripts which are not written in fluent English will be rejected automatically without
refereeing.

For further guidance on electronic submission, please visit the Elsevier Support
Center.

Page charges

This journal has no page charges.

Submission checklist

You can use this list to carry out a final check of your submission before you send it to
the journal for review. Please check the relevant section in this Guide for Authors for
more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

+ All figures (include relevant captions)
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+ All tables (including titles, description, footnotes)
* Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print Graphical Abstracts /

Highlights files (where applicable) Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

* All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources
(including the Internet)

» A competing interests statement is provided, even if the authors have no competing
interests to declare

+ Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements
For further information, visit our Support Center.

BEFORE YOU BEGIN

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for
journal publication.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work
described has been carried out in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for experiments involving humans. The
manuscript should be in line with the Recommendations for the Conduct, Reporting,
Editing and Publication of Scholarly Work in Medical Journals and aim for the inclusion
of representative human populations (sex, age and ethnicity) as per those
recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was
obtained for experimentation with human subjects. The privacy rights of human
subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be
carried out in accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and
associated guidelines, EU Directive 2010/63/EU for animal experiments, or the
National Institutes of Health guide for the care and use of Laboratory animals (NIH
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Publications No. 8023, revised 1978) and the authors should clearly indicate in the
manuscript that such guidelines have been followed. The sex of animals must be
indicated, and where appropriate, the influence (or association) of sex on the results

of the study.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or
organizations that could inappropriately influence (bias) their work. Examples of
potential competing interests include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or other
funding. Authors must disclose any interests in two places: 1. A summary declaration
of interest statement in the title page file (if double-blind) or the manuscript file (if single-
blind). If there are no interests to declare then please state this: 'Declarations of
interest: none'. This summary statement will be ultimately published if the article is
accepted. 2. Detailed disclosures as part of a separate Declaration of Interest form,
which forms part of the journal's official records. It is important for potential interests to
be declared in both places and that the information matches.

Submission declaration and verification

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract, a published lecture or academic thesis,
see 'Multiple, redundant or concurrent publication' for more information), that it is not
under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was
carried out, and that, if accepted, it will not be published elsewhere in the same form,
in English or in any other language, including electronically without the written consent
of the copyrightholder. To verify originality, your article may be checked by the
originality detection service Crossref Similarity Check.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive
to differences, and promotes equal opportunities. Content should make no
assumptions about the beliefs or commitments of any reader; contain nothing which
might imply that one individual is superior to another on the grounds of age, gender,
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race, ethnicity, culture, sexual orientation, disability or health condition; and use
inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We
advise to seek gender neutrality by using plural nouns ("clinicians, patients/clients") as
default/wherever possible to avoid using "he, she," or "he/she." We recommend
avoiding the use of descriptors that refer to personal attributes such as age, gender,
race, ethnicity, culture, sexual orientation, disability or health condition unless they are
relevant and valid. These guidelines are meant as a point of reference to help identify
appropriate language but are by no means exhaustive or definitive.

Authorship

All authors should have made substantial contributions to all of the following: (1) the
conception and design of the study, or acquisition of data, or analysis and interpretation
of data, (2) drafting the article or revising it critically for important intellectual content,

(3) final approval of the version to be submitted.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before
submitting their manuscript and provide the definitive list of authors at the time of the
original submission. Any addition, deletion or rearrangement of author names in the
authorship list should be made only before the manuscript has been accepted and
only if approved by the journal Editor. To request such a change, the Editor must
receive the following from the corresponding author: (a) the reason for the change
in author list and (b) written confirmation (e-mail, letter) from all authors that they agree
with the addition, removal or rearrangement. In the case of addition or removal of
authors, this includes confirmation from the author being added or removed. Only in
exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the
manuscript has already been published in an online issue, any requests approved by
the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels
your article is more suitable in one of our other participating journals, then you may be
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asked to consider transferring the article to one of those. If you agree, your article will
be transferred automatically on your behalf with no need to reformat. Please note that
your article will be reviewed again by the new journal.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding
author confirming receipt of the manuscript together with a 'Journal Publishing
Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher is
required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use by
authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to
complete an 'Exclusive License Agreement' (more information). Permitted third party

reuse of gold open access articles is determined by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your
work. More information.

Elsevier supports responsible sharing Find out how you can share your research

published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the article for publication. If

the funding source(s) had no such involvement then this should be stated.

Open access
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Please visit our Open Access page for more information. Language (usage and editing
services) Please write your text in good English (American or British usage is accepted,
but not a mixture of these). Authors who feel their English language manuscript may
require editing to eliminate possible grammatical or spelling errors and to conform to
correct scientific English may wish to use the English Language Editing service

available from Elsevier's Author Services.

Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed
consent, which should be documented in the paper. Appropriate consents, permissions
and releases must be obtained where an author wishes to include case details or other
personal information or images of patients and any other individuals in an Elsevier
publication. Written consents must be retained by the author but copies should not be
provided to the journal. Only if specifically requested by the journal in exceptional
circumstances (for example if a legal issue arises) the author must provide copies of
the consents or evidence that such consents have been obtained. For more
information, please review the Elsevier Policy on the Use of Images or Personal
Information of Patients or other Individuals. Unless you have written permission from
the patient (or, where applicable, the next of kin), the personal details of any patient
included in any part of the article and in any supplementary materials (including all

illustrations and videos) must be removed before submission.

Submission

Our online submission system guides you stepwise through the process of entering
your article details and uploading your files. The system converts your article files to a
single PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are
required to typeset your article for final publication. All correspondence, including
notification of the Editor's decision and requests for revision, is sent by e-mail.

Submit your article

Please submit your article via https://www.editorialmanager.com/dentma/default.aspx.
Referees

Please submit the names and institutional e-mail addresses of several potential
referees. For more details, visit our Support site. Note that the editor retains the sole
right to decide whether or not the suggested reviewers are used.
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PREPARATION

Peer review

This journal operates a double blind review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then
typically sent to a minimum of two independent expert reviewers to assess the scientific
quality of the paper. The Editor is responsible for the final decision regarding
acceptance or rejection of articles. The Editor's decision is final. More information on

types of peer review.

Double-blind review

This journal uses double-blind review, which means the identities of the authors are
concealed from the reviewers, and vice versa. More information is available on our
website. To facilitate this, please include the following separately:

Title page (with author details): This should include the title, authors' names,
affiliations, acknowledgements and any Declaration of Interest statement, and a
complete address for the corresponding author including an e-mail address.

Blinded manuscript (no author details): The main body of the paper (including the
references, figures, tables and any acknowledgements) should not include any
identifying information, such as the authors' names or affiliations.

Use of word processing software It is important that the file be saved in the native
format of the word processor used. The text should be in single-column format. Keep
the layout of the text as simple as possible. Most formatting codes will be removed and
replaced on processing the article. In particular, do not use the word processor's
options to justify text or to hyphenate words. However, do use bold face, italics,
subscripts, superscripts etc. When preparing tables, if you are using a table grid, use
only one grid for each individual table and not a grid for each row. If no grid is used,
use tabs, not spaces, to align columns. The electronic text should be prepared in a
way very similar to that of conventional manuscripts (see also the Guide to Publishing
with Elsevier). Note that source files of figures, tables and text graphics will be required
whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and

‘grammar-check’ functions of your word processor.
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Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to
'the text'. Any subsection may be given a brief heading. Each heading should appear
on its own separate line.

Introduction

This must be presented in a structured format, covering the following subijects,
although actual subheadings should not be included:

* succinct statements of the issue in question;

+ the essence of existing knowledge and understanding pertinent to the issue
(reference);

» the aims and objectives of the research being reported relating the research to
dentistry, where not obvious.

Materials and methods

* describe the procedures and analytical techniques.

* only cite references to published methods.

* include at least general composition details and batch numbers for all materials.

+ identify names and sources of all commercial products e.g. "The composite (Silar,
3M Co., St. Paul, MN, USA)..." "... an Au-Pd alloy (Estheticor Opal, Cendres et Metaux,
Switzerland)."

* specify statistical significance test methods.

Results

« refer to appropriate tables and figures. * refrain from subjective comments.

» make no reference to previous literature.

* report statistical findings.

Discussion

 explain and interpret data.  state implications of the results, relate to composition.

* indicate limitations of findings.

* relate to other relevant research.

Conclusion (if included)

* must NOT repeat Results or Discussion
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* must concisely state inference, significance, or consequences

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2),
etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures:
Table A.1; Fig. A.1, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add
your name between parentheses in your own script behind the English transliteration.
Present the authors' affiliation addresses (where the actual work was done) below the
names. Indicate all affiliations with a lowercase superscript letter immediately after the
author's name and in front of the appropriate address. Provide the full postal address
of each affiliation, including the country name and, if available, the e-mail address of
each author.

» Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility includes
answering any future queries about Methodology and Materials. Ensure that the e-
mail address is given and that contact details are kept up to date by the
corresponding author.

* Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address.

Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of
your article via search engines. They consist of a short collection of bullet points that
capture the novel results of your research as well as new methods that were used
during the study (if any). Please have a look at the examples here: example Highlights.
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Highlights should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points

(maximum 85 characters, including spaces, per bullet point).

Abstract (structured format)

* 250 words or less.

» subheadings should appear in the text of the abstract as follows: Obijectives,
Methods, Results, Significance. (For Systematic Reviews: Objectives, Data, Sources,
Study selection, Conclusions). The Results section may incorporate small tabulations
of data, normally 3 rows maximum.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the contents of
the article in a concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x
1328 pixels (h x w) or proportionally more. The image should be readable at a size of
5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS,
PDF or MS Office files. You can view Example Graphical Abstracts on our information
site. Authors can make use of Elsevier's lllustration Services to ensure the best
presentation of their images and in accordance with all technical requirements.
Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a separate
file in the online submission system. Please use 'Highlights' in the file name and include
3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point). See

https://www.elsevier.com/highlights for examples.

Keywords

Up to 10 keywords should be supplied e.g. dental material, composite resin, adhesion.
Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the
first page of the article. Such abbreviations that are unavoidable in the abstract must
be defined at their first mention there, as well as in the footnote. Ensure consistency of
abbreviations throughout the article.
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Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research
(e.g., providing language help, writing assistance or proof reading the article, etc.).
Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
xxxX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and
the United States Institutes of Peace [grant number aaaal.

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or
organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:
This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of
units (SI). If other units are mentioned, please give their equivalent in Sl.

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if
referred to explicitly in the text).

Embedded math equations

If you are submitting an article prepared with Microsoft Word containing embedded
math equations then please read this (related support information).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors can build footnotes into the text, and this feature may
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be used. Otherwise, please indicate the position of footnotes in the text and list the
footnotes themselves separately at the end of the article. Do not include footnotes in

the Reference list.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the published version.

» Submit each illustration as a separate file.

* Ensure that color images are accessible to all, including those with impaired color
vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic
artwork is finalized, please 'Save as' or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones, and line/halftone
combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300
dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.
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TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect and
other sites) regardless of whether or not these illustrations are reproduced in color in
the printed version. For color reproduction in print, you will receive information
regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the
preparation of electronic artwork.

lllustration services

Elsevier's Author Services offers lllustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style images,
as well as a full range of charts, tables and graphs. Image 'polishing' is also available,
where our illustrators take your image(s) and improve them to a professional standard.
Please visit the website to find out more.

Captions to tables and figures

* list together on a separate page.

* should be complete and understandable apart from the text.

* include key for symbols or abbreviations used in Figures.

« individual teeth should be identified using the FDI two-digit system.

Tables
Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number tables
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consecutively in accordance with their appearance in the text and place any table notes
below the table body. Be sparing in the use of tables and ensure that the data
presented in them do not duplicate results described elsewhere in the article. Please

avoid using vertical rules and shading in table cells.

References

Must now be given according to the following numeric system: Cite references in
text in numerical order. Use square brackets: in-line, not superscript e.g. [23]. All
references must be listed at the end of the paper, double-spaced, without indents. For
example: 1. Moulin P, Picard B and Degrange M. Water resistance of resin-bonded
joints with time related to alloy surface treatments. J Dent, 1999; 27:79-87. 2. Taylor
DF, Bayne SC, Sturdevant JR and Wilder AD. Comparison of direct and indirect
methods for analyzing wear of posterior composite restorations. Dent Mater, 1989;
5:157-160. Avoid referencing abstracts if possible. If unavoidable, reference as follows:
3. Demarest VA and Greener EH . Storage moduli and interaction parameters of
experimental dental composites. J Dent Res, 1996; 67:221, Abstr. No. 868.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished
results and personal communications are not recommended in the reference list, but
may be mentioned in the text. If these references are included in the reference list they
should follow the standard reference style of the journal and should include a
substitution of the publication date with either 'Unpublished results' or 'Personal
communication'. Citation of a reference as 'in press' implies that the item has been
accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by
online links to the sources cited. In order to allow us to create links to abstracting and
indexing services, such as Scopus, CrossRef and PubMed, please ensure that data
provided in the references are correct. Please note that incorrect surnames,
journal/book titles, publication year and pagination may prevent link creation. When
copying references, please be careful as they may already contain errors. Use of the

DOl is highly encouraged.
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A DOl is guaranteed never to change, so you can use it as a permanent link to any
electronic article. An example of a citation using DOI for an article not yet in an issue
is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic
continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of
Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format
of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a
source publication, etc.), should also be given. Web references can be listed separately
(e.g., after the reference list) under a different heading if desired, or can be included in
the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript
by citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add
[dataset] immediately before the reference so we can properly identify it as a data
reference. The [dataset] identifier will not appear in your published article.
References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley. Using citation plug-ins from
these products, authors only need to select the appropriate journal template when
preparing their article, after which citations and bibliographies will be automatically
formatted in the journal's style. If no template is yet available for this journal, please
follow the format of the sample references and citations as shown in this Guide. If you
use reference management software, please ensure that you remove all field codes
before submitting the electronic manuscript. More information on how to remove field

codes from different reference management software.
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Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following link: http://open.mendeley.com/use-citation-style/dental-
materials When preparing your manuscript, you will then be able to select this style
using the Mendeley plugins for Microsoft Word or LibreOffice.

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The
actual authors can be referred to, but the reference number(s) must always be given.

List. Number the references (numbers in square brackets) in the list in the order in
which they appear in the text.

Examples:

Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J
Sci Commun 2010;163:51-9. https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:

[2] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article.
Heliyon. 2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205

Reference to a book:

[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In:
Jones BS, Smith RZ, editors. Introduction to the electronic age, New York: E-
Publishing Inc; 2009, p. 281-304.

Reference to a website:

[5] Cancer Research UK. Cancer statistics reports for the UK,
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/; 2003
[accessed 13 March 2003]. Reference to a dataset: [dataset] [6] Oguro M, Imahiro S,
Saito S, Nakashizuka T. Mortality data for Japanese oak wilt disease and surrounding
forest compositions, Mendeley Data, v1; 2015. https://doi.org/10.17632/ xwj98nb39r.1.
Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors
the first 6 should be listed followed by 'et al." For further details you are referred to
'Uniform Requirements for Manuscripts submitted to Biomedical Journals' (J Am Med
Assoc 1997;277:927-34) (see also Samples of Formatted References).

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.
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Video

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit
with their article are strongly encouraged to include links to these within the body of
the article. This can be done in the same way as a figure or table by referring to the
video or animation content and noting in the body text where it should be placed. All
submitted files should be properly labeled so that they directly relate to the video file's
content. In order to ensure that your video or animation material is directly usable,
please provide the file in one of our recommended file formats with a preferred
maximum size of 150 MB per file, 1 GB in total. Video and animation files supplied will
be published online in the electronic version of your article in Elsevier Web products,
including ScienceDirect. Please supply 'stills' with your files: you can choose any frame
from the video or animation or make a separate image. These will be used instead of
standard icons and will personalize the link to your video data. For more detailed
instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the

electronic and the print version for the portions of the article that refer to this content.

Supplementary material

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are published
exactly as they are received (Excel or PowerPoint files will appear as such online).
Please submit your material together with the article and supply a concise, descriptive
caption for each supplementary file. If you wish to make changes to supplementary
material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track

Changes' option in Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data refers to the results of observations or experimentation that
validate research findings. To facilitate reproducibility and data reuse, this journal also
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encourages you to share your software, code, models, algorithms, protocols, methods
and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make
a statement about the availability of your data when submitting your manuscript. If you
are sharing data in one of these ways, you are encouraged to cite the data in your
manuscript and reference list. Please refer to the "References" section for more
information about data citation. For more information on depositing, sharing and using
research data and other relevant research materials, visit the research data page.
Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to link
articles on ScienceDirect with relevant repositories, giving readers access to
underlying data that gives them a better understanding of the research described.
There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the
submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to
your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of
your manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data
(including raw and processed data, video, code, software, algorithms, protocols, and
methods) associated with your manuscript in a free-to-use, open access repository.
During the submission process, after uploading your manuscript, you will have the
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets
will be listed and directly accessible to readers next to your published article online.
For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your data
is unavailable to access or unsuitable to post, you will have the opportunity to indicate
why during the submission process, for example by stating that the research data is
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confidential. The statement will appear with your published article on ScienceDirect.

For more information, visit the Data Statement page.

AFTER ACCEPTANCE

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us
with their proof corrections within two days. Corresponding authors will receive an e-
mail with a link to our online proofing system, allowing annotation and correction of
proofs online. The environment is similar to MS Word: in addition to editing text, you
can also comment on figures/tables and answer questions from the Copy Editor. Web-
based proofing provides a faster and less error-prone process by allowing you to
directly type your corrections, eliminating the potential introduction of errors. If
preferred, you can still choose to annotate and upload your edits on the PDF version.
All instructions for proofing will be given in the e-mail we send to authors, including
alternative methods to the online version and PDF. We will do everything possible to
get your article published quickly and accurately. Please use this proof only for
checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be
considered at this stage with permission from the Editor. It is important to ensure that
all corrections are sent back to us in one communication. Please check carefully before
replying, as inclusion of any subsequent corrections cannot be guaranteed.

Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive 25 free paper offprints, or
alternatively a customized Share Link providing 50 days free access to the final
published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media.
For an extra charge, paper offprints can be ordered via the offprint order form which is
sent once the article is accepted for publication. Both corresponding and co-authors
may order offprints at any time via Elsevier's Author Services. Corresponding authors
who have published their article gold open access do not receive a Share Link as their
final published version of the article is available open access on ScienceDirect and can
be shared through the article DOI link.
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AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find
everything from Frequently Asked Questions to ways to get in touch. You can also
check the status of your submitted article or find out when your accepted article will be
publishe



