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Kunz PVM. Avaliagio do desempenho clinico e da biodegradagio em saliva de diferentes
compositos para restauragdes diretas em dentes posteriores [Tese de Doutorado].
Curitiba: Universidade Positivo; 2022.

RESUMO

O objetivo desta tese, dividida em dois artigos, foi: 1) avaliar o desempenho clinico
de restauragdes classes I e II realizadas pela técnica incremental e técnica bulk-fill por
meio de uma revisio sistematica e meta-analise; 11) avaliar os efeitos da biodegradagio
em saliva na rugosidade média (Ra) ¢ dureza Vickers (VHN) de duas resinas compostas
¢ do esmalte e da dentina adjacentes a restauragio apds serem submetidas a desafio
cariogénico. No primeiro artigo, foram realizadas buscas em bases eletrénicas ¢ manuais
para ensaios clinicos randomizados comparando o desempenho clinico de restauragdes
de resina composta em dentes posteriores realizadas com as técnicas incremental ou bulk-
fill. A ferramenta de risco de viés da Colaboragdo Cochrane foi utilizada para avaliar a
qualidade dos estudos ¢ a ferramenta GRADE foi utilizada para analisar a qualidade das
evidéncias. Catorze estudos foram incluidos e a maioria deles tinha risco de viés incerto.
A diferenga de risco (RD) para retengio/fratura foi de 0,00 (IC 95%=-0,01, 0,01; p=0.86)
para 1-1,5 anos de acompanhamento; 0,00 (IC 95%=-0,02, 0,02; p=0,88) para 2-3 anos
de acompanhamento; 0,05 (IC 95%=-0,08, 0,18; p=0.46) para 5 ou mais anos de
acompanhamento. O RD para sensibilidade pos-operatoria foi de 0,04 (IC 95%=-0,02,
0,10; p=0,18) por até 30 dias; 0,00 (IC 95%=-0,01, 0,02; p=0,63) para 1-1,5 anos de
acompanhamento; e 0,00 (IC 93%=-0,01, 0,02; p=0,71) para 2-3 anos de
acompanhamento. Para os demais desfechos secundarios, ndo foram observadas
diferengas significativas (p>0,05) entre as técnicas restauradoras. A qualidade da
evidéncia foi classificada como moderada. Concluiu-se que o desempenho clinico das
restauragdes classe I e II em dentes posteriores ¢ semelhante quando colocadas com as

técnicas incremental e bulk-fill. No segundo artigo, cavidades em esmalte e dentina de
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molares (n=10) foram restauradas com: 1) resina composta bulk-fill (Tetric N-Flow Bulk
Fill, BF) com aplicagao de sistema adesivo (Tetric N-Bond Universal); e 11) material
restaurador do tipo alkasite (Cention N, CN) com ¢ sem aplicagido de sistema adesivo
(dois grupos analisados). Apos 24h, foram avaliadas rugosidade e dureza superficiais do
material restaurador, do esmalte e dentina a 100 pm da interface dente/restauragio. As
amostras foram submetidas a degradagio em saliva estimulada e desafio cariogénico por
7 dias (aplicagdo de sacarose 20% 10x/dia). Ra e VHN foram novamente determinados.
Os dados foram analisados por ANOVA e teste de Tukey (1=3%). BF apresentou Ra
significativamente menor do que o CN. A degradagio em saliva apresentou Ra
significativamente maiores do que 24h. Foi observado maior VHN para os materiais,
esmalte e dentina para 24h em relagao a dureza apos desafio cariogénico. A dureza do
esmalte foi significativamente maior para o grupo restaurado com BF; a dureza do esmalte
dos grupos restaurados com CN com e sem adesivo foram menores que a BF e
semelhantes entre si. Para CN, a aplicagio de sistema adesivo influenciou negativamente
na dureza da dentina adjacente a restauragio. Pode-se concluir que BF apresentou maior
lisura superficial comparada ao CN antes e apos desafio cariogénico. A imersido em saliva
estimulada promoveu a diminuigéo da dureza nos dois materiais restauradores, no esmalte

¢ na dentina adjacentes a restauragio.

Palavras chave: desempenho clinico; resina composta; restauragdes posteriores; revisio

sistematica; degradagdo; saliva.
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Kunz PVM. Evaluation of the clinical performance and biodegradation of different
composites for direct restorations in posterior teeth [Tese de Doutorado]. Curitiba:
Universidade Positivo; 2022.

ABSTRACT

The objective of this thesis, divided into two manuscripts, was: 1) to evaluate the
clinical performance of class I and II restorations in posterior teeth placed with the
incremental or the bulk-filling techniques by means of a systematic review and meta-
analysis; 11) to evaluate the effects of saliva degradation on the roughness (Ra) and
Vickers hardness (VHN) of two composite resins and of the enamel and dentin adjacent
to the restoration after cariogenic challenge. In the first manuscript, electronic and manual
searches were performed for randomized clinical trials comparing the clinical
performance of composite resin restorations in posterior teeth placed with the incremental
or the bulk-filling techniques. The Cochrane Collaboration risk of bias tool was used to
assess the quality of the studies and the GRADE tool was used to access the quality of
the evidence. Fourteen studies were included in this systematic review and most of them
had unclear risk of bias. The risk difference (RD) for retention/fracture was 0.00
(93%CI=-0.01, 0.01; p=0.86) for 1-1.5 years of follow-up; 0.00 (95%CI=-0.02, 0.02;
p=0.88) for 2-3 years of follow-up; 0.05 (95%CI=-0.08, 0.18; p=0.46) for 5 or more years
of follow-up. The RD for post-operative sensitivity was 0.04 (95%CI=-0.02, 0.10;
p=0.18) for up to 30 days; 0.00 (95%CI=-0.01, 0.02; p=0.63) for 1-1.5 years of follow-
up; and 0.00 (95%CI=-0.01, 0.02; p=0.71) for 2-3 years of follow-up. For the other
secondary outcomes, no significant differences were observed (p=0.03) between the
restorative techniques. The certainty of evidence was graded as moderate. 1 was
concluded that the clinical performance of class I and Il restorations in posterior teeth is
similar when placed with the incremental and bulk-filling techniques. In the second

manuscript, cavities were prepared in the enamel and dentin of molars (n=10), which were



restored with: 1) bulk-fill composite resin (Tetric N-Flow Bulk Fill, BF) with application
of universal adhesive system (Tetric N-Bond Universal); and ii) alkasite restorative
material (Cention N, CN) with and without previous application of a universal adhesive
system. Afier 24h, surface roughness and hardness of the restorative material, enamel and
dentin located 100 pm from the tooth/restoration interface were evaluated. The specimens
were subjected to degradation in stimulated saliva and after cariogenic challenge for 7
days (application of 20% sucrose 10x/day). Ra and VHN were determined again. Data
were analyzed by ANOVA and Tukey's test (#=35%). BF showed significantly lower Ra
than CN. Saliva degradation showed Ra values significantly higher than 24h. A higher
VHN was observed for the materials, enamel and dentin adjacent to the restoration for
24h in relation to hardness after cariogenic challenge. Enamel hardness was significantly
higher for the group restored with BF; the enamel hardness of the groups restored with
CN with and without adhesive was lower than BF, and similar to each other. For CN, the
application of an adhesive system had a negative influence on the hardness of the dentin
adjacent to the restoration. It can be concluded that BF presented greater surface
smoothness compared to CN before and after cariogenic challenge. Immersion in
stimulated saliva promoted a decrease in hardness in the two restorative materials

evaluated, enamel and dentin adjacent to the restoration.

Key words: clinical performance; composite resin; later restorations; systematic review,

degradation; saliva.
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MANUSCRITOS

Manuscrito 1

Is the clinical performance of composite resin restorations in posterior teeth
similar if restored with incremental or bulk-filling techniques? A systematic

review and meta-analysis !

ABSTRACT

Objectives: A systematic review was performed to analyze the clinical performance of
class I and Il restorations in posterior teeth placed with the incremental or the bulk-filling
techniques. The primary outcome was retention/fracture rate, and the secondary outcomes
evaluated were anatomical form, surface texture, color match, marginal adaption,

marginal discoloration, caries, and post-operative sensitivity.

Methods: Electronic and manual searches were performed for randomized clinical trials
comparing the clinical performance of composite resin restorations in posterior teeth
placed with the incremental or the bulk-filling techniques. The Cochrane Collaboration
risk of bias tool was used to assess the quality of the studies and the GRADE tool was

used to access the quality of the evidence.

Results: Fourteen studies were included in this systematic review and most of them had
unclear risk of bias. The risk difference (RD) for retention/fracture was 0.00 (95%CI=-
0.01, 0.01; p=0.86) for 1-1.5 years of follow-up; 0.00 (95%CI=-0.02, 0.02; p=0.88) for
2-3 years of follow-up; 0.05 (95%CI=-0.08, 0.18; p=0.46) for 5 or more years of follow-
up. The RD for post-operative sensitivity was 0.04 (95%CI=-0.02, 0.10; p=0.18) for up
to 30 days; 0.00 (95%CI=-0.01, 0.02; p=0.63) for 1-1.5 years of follow-up; and 0.00

! Material from: Kunz PVM, Wambier LM, Kaizer MR, Correr GM, Reis A, Gonzaga
CC. Is the clinical performance of composite resin restorations in posterior teeth similar
if restored with incremental or bulk-filling techniques? A systematic review and meta-
analysis. Clin Oral Investig. 2022 Jan 15. doi: 10.1007/s00784-021-04337-1. Published
by Springer.



(953%CI=-0.01, 0.02; p=0.71) for 2-3 years of follow-up. For the other secondary
outcomes, no significant differences were observed (p>0.05) between the restorative

techniques. The certainty of evidence was graded as moderate.

Conclusions: The clinical performance of class I and II restorations in posterior teeth is

similar when placed with the incremental and bulk-filling techniques.

Clinical relevance: Based on the results of this study, posterior restorations placed with
bulk-filling technique present satisfactory clinical performance, which is similar to direct
restorations placed with the conventional incremental technique, considering various

follow-up periods evaluated.

Keywords: clinical performance; composite resin; posterior restorations; incremental

filling; bulk filling; systematic review.



INTRODUCTION

Composite resin restorations are considered the first treatment option for direct
restorations on both posterior and anterior teeth, because of their excellent aesthetic
properties, good mechanical properties, conservative preparations, and their satisfactory

clinical performance [1].

Nonetheless, composite resin undergoes volumetric shrinkage during the
polymerization, which leads to the development of polymerization stresses at the interface
between tooth and restoration [2-3]. As consequence, some undesirable clinical events
such as post-operative sensitivity, microleakage, marginal discoloration, cusp deflection,
and formation of interfacial gaps at the margins [4, 6] may occur. To overcome such
limitations, composite resins are placed in incremental layers [7], which has the

disadvantage of prolonging treatment time.

To reduce clinicians” working time and to simplify the restorative technique, bulk-
fill composite resins were developed and introduced to the dental market. These can be
placed in increments up to 4 to 5-mm thick, without compromising their mechanical
properties, and degree of conversion [8]. These materials have greater translucency than
incremental composites, they contain alterative photo-initiator systems [9] and modified
monomers [9], to allow greater polymerization depth [10], and reduced polymerization

shrinkage [10].

Bulk-fill composites can be categorized into low and high viscosity formulations.
Flowable bulk-fill composites are indicated as base in class [ and class II cavities,
requiring an additional layer of conventional composite resin on the occlusal surface.
High viscosity bulk-fill, also named as full-body composites, can be placed in increments
up to 5 mm, without the need of a cover layer of regular viscosity composite resin [11].
A third type of bulk-fill composite needs activation with a sonic handpiece to be placed
into the cavity (SonicFill, Kerr). During sonic vibration, the bulk-fill resin increases
flowability allowing for a better adaptation into the cavity walls. Similarly to full-body
bulk-fill composite resins, these sonically vibrated materials are also indicated for class I
and II cavities, in monolayer (increments of up to 5 mm deep), with no need of an

additional occlusal increment of regular composite resin [11].

The simplification of operative procedures achieved with the use of bulk-filling

technique is attractive for posterior restorations. Although there are some randomized



clinical trials (RCTs) comparing these two composite resin placement techniques, they
are low powered and as such, they are more prone to false negative conclusions. By meta-
analyzing data from these RCTs in a single estimate, more precise inferences can be
produced. Therefore, the purpose of this systematic review of the literature was to answer
the followed focused research question based on the PICO acronym (patient-intervention-
comparator-outcome): “Is the performance (retention/fracture) of bulk-fill composites
placed in posterior restoration of adult patients similar to incremental filled restorations?
The hypothesis of this study was that both composite resin-filling techniques yield similar

clinical performance.

METHODOLOGY
Registration and search strategy

This study complied with PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta- Analyses) recommendations [12] and it was registered in the
PROSPERO database (CRD42018108450). The search strategy was based on the
acronym of the PICOS question and prepared using controlled vocabulary terms (MeSH
terms) and of free keywords commonly found in the titles and abstracts of articles. The

elements of the PICOS acronym can be seen below:
1. Population (P): class I and II restorations in posterior teeth of adult patients;
2. Intervention (I): restorations performed with the bulk-filling technique;
3. Comparison (C): restorations performed with the incremental filling technique;

4. Primary outcome (O): retention/fracture rate. As secondary outcomes, we
evaluated anatomical form, surface texture, color match, marginal adaption,
marginal discoloration, caries, and post-operative sensitivity;

5. Study design (8): randomized clinical trials (RCTs).

The databases used for the search were: PubMed, Scopus, Web of Science, Latin
American and Caribbean Health Sciences Literature (LILACS), Brazilian Bibliography
in Dentistry (BBO), and Cochrane Library. The search strategy was first developed for
PubMed and later adapted to the other databases (Table 1). The reference lists of primary
studies were manually searched for relevant additional publications as well as the related

articles link (first 10 articles) of each primary study in PubMed database. No restrictions



regarding publication data or language were imposed to the search strategy. EndNote X8
software (Clarivate Analytics, Philadelphia, PA) was used to manage the retrieved studies

and citations.

The gray literature was secarched using the System for Information on Gray
Literature in Europe (SIGLE) database. Abstracts from the Annual Session of the
International Association for Dental Research (IADR) and its regional subgroups (1990-
2020) were searched. Theses and dissertations (full texts) were searched in the ProQuest
and Capes databases. Unpublished and on-going studies were searched in clinical trials
databases (Current Controlled Trials, International Clinical Trials Registry Platform,

ClinicalTrials.gov, ReBEC, and EU Clinical Trials Register).

Eligibility criteria

This systematic review included only RCTs with parallel or split-mouth designs
that described the clinical performance of posterior composite resins restorations (class I
and II) performed with incremental or bulk-filling techniques in permanent premolars and

molars.

Studies were excluded if they: 1) did not provide results for incremental and bulk-
filling composite resin restorations; 2) did not present separate data for the control and

intervention groups; and 3) reported data on primary teeth or class V restorations.

Selection of studies and data collection

The studies were selected by title and abstract following the eligibility criteria
described. Articles indexed in more than one database were considered only once. Should
not the information available in the title and abstract be sufficient for a definitive decision,

the full text article was assessed.

Two researchers obtained full-text articles and classified those that met the
inclusion criteria. Relevant information on the research project, participants,
interventions, and outcomes was collected using extraction forms by three study authors
(Table 2). Data extraction was pilot tested using a sample of four studies to ensure that
the data were consistent with the specific research question. To avoid overlapping,
multiple reports of the same study with different follow-ups were extracted into a single

form.

wh



Risk of bias of individual studies

The risk of bias was classified for each of the quality assessment items according
to the Cochrane Handbook for Systematic Reviews of Interventions version 1.0 [13] by
two independent authors. The assessment criteria included random sequence generation,
allocation concealment, blinding, incomplete outcome data, and selective outcome
reporting. Each domain was classified into “high risk of bias™, “low risk of bias”, or
“unclear risk of bias™ (insufficient information or uncertainty over potential bias). When

two researchers did not reach a consensus, a third one was consulted.

The study was classified as “high risk of bias” when at least one domain was
judged as being at high risk of bias. The study was classified as “low risk of bias” when
all domains were at low risk of bias and the study was classified as “unclear risk of

bias” when there were not sufficient details to provide a definite conclusion.

Summary measures and synthesis of the results

For all the evaluated outcomes, data from the eligible studies were dichotomized
into Alpha vs. Bravo/Charlie for all meta-analyses when USPHS criteria were used [14].
When FDI criteria were used, the data were also dichotomized into success (score 1) vs.
failure (scores 2-5). For each study, the risk difference (RD) and the 95% confidence
interval (CI) were calculated. The meta-analyses were performed on all studies from
which the information could be extracted using the random-effects model. Cochran Q
test, 1% statistics and prediction interval (for meta-analysis with more than five studies)
were used to assess statistical heterogeneity. All analyses were performed with RevMan
software (Review Manager v5.4; The Cochrane Collaboration). Among the included
studies, different follow-ups were published, thus the data was merged within similar

follow-up time-ranges for the purpose of the meta-analysis.

Assessment of the certainty of evidence using GRADE

The certainty of the evidence was graded for each outcome across studies (body
of evidence) using the Grading of Recommendations: Assessment, Development and

Evaluation (GRADE) (http://www.gradeworkinggroup.org/) to determine the overall



strength of evidence for each meta-analysis. The GRADE approach is used to
contextualize or justify intervention recommendations with four levels of evidence

quality, ranging from high to very low.

The GRADE approach begins with the study design (RCTs or observational
studies) and then addresses five reasons (risk of bias, imprecision, inconsistency,
indirectness of evidence, and publication bias) to possibly rate down the quality of the
evidence (one or two levels) and three to possibly rate up the quality (large effect;
management of confounding factors; dose-response gradient). Each one of these topics
was assessed as “no limitation™; “serious limitations™ and “very serious limitations™ to
allow categorization of the quality of the evidence for each outcome into high, moderate,
low, and very low. The “high quality” suggests with good confidence that the true effect
lies close to the estimate of the effect, whereas “very low quality” suggests poor

confidence in the effect estimate, meaning the estimate reported can be substantially

different from the actual effect.

RESULTS
Characteristics of the selected studies

After the database screening and removal of duplicates, 1646 studies were
identified (Figure 1). After title and abstract screening, 630 studies remained. This
number was reduced to 25 after application of the eligibility criteria of the full-texts.
Among them, four were excluded due to the following reasons: 1) in vitro study [15], 2)
retrospective study [16], 3) study performed on primary teeth [17], and 4) the study did
not use the bulk-filling technique [18]. Twentyv-one articles were eligible for the
qualitative analysis [19-39]. Of these, seven articles were longer follow-ups of previous

articles [22, 25, 31-33, 35, 36]. so that a total of 14 studies remained for evaluation.

The characteristics of the 14 selected studies are shown in Table 2. Four studies
used a parallel design [19, 21, 28, 34] and ten had a split-mouth design [20, 23, 24, 26,
27, 29, 30, 37-39]. The age of the participants ranged from 7 [20] to 87 years [38], with
an overall mean + SD of 38.1 + 12.3 years [21, 23, 24, 26, 27, 29, 30, 37, 38].

Two studies reported the placement of one restoration per patient [19, 28], one

study reported placing at least one restoration per patient [34], nine studies performed 2



to 4 restorations per patient [20, 24, 26, 27, 29, 30, 37-39], one study performed 4
restorations per patient [23], and one study did not report this information [21].

Regarding the type of restoration, one study [20] included only Class I cavities,
six studies [ 19, 21, 23, 24, 29, 39] included only Class II cavities, and other seven studies
[26-28, 30, 34, 37, 38] included both Class I and Class II cavities. Twelve studies [19, 21,
23, 24, 26, 28-30, 34, 37-39] included premolars and molars and two studies [20, 27]
included only molars. Seven studies did not report the cavity depth [19, 24, 27, 29, 37-
39]; while two studies reported moderate-sized cavities [21, 23], two reported at least 3
mm deep cavities [26, 30], one reported cavities with at least 2 mm in depth [28], one
reported cavities with 2-3 mm in depth [34] and one reported cavities with 4-5 mm in
depth [20]. As for the bulk-fill resin classification, eight studies used full-body
(sculptable) resins [19, 21, 23, 24, 27, 30, 34, 39], six studies used base (flowable)
composites [23, 26, 28, 29, 37, 38], and three used the sonic-activated material [19, 20,
23].

Rubber dam was used in six studies [19, 26, 28, 30, 34, 39], cotton rolls and/or
saliva ejector were used in seven studies [21, 23, 24, 27, 29, 37, 38], and one study did
not report the method of field isolation [20]. Regarding the adhesive systems used, five
studies used etch-and-rinse adhesives [19, 26, 28, 29, 39], four trials used self-etch
adhesives [20, 24, 37, 38], two studies both etch-and-rinse and self-etch adhesives [27,
30]. two studies used an universal adhesive [21, 34] and another used universal and self-
etching systems [23]. The placement technique was described in all studies, including the
thickness of the layers in each group and the light-curing time for each material. More

details about the placement technique used in each study are shown in Table 2.

The evaluation criteria used in eleven studies used was the modified USPHS [19-
21, 23, 24, 26, 27, 29, 37-39] and one study used the FDI criteria [30]. Two studies
evaluated only post-operative sensitivity; one used the Likert scale [28] and another one

used the numerical rating scale (NRS) and visual analogue scale (VAS) [34].

Follow-up periods of the eligible studies varied from 7 days [34] to 10 years [27],
with the majority reported data between 1 and 3 years [19-21, 23, 24, 26, 29, 30, 39]. The
number of restorations lost to follow-up due to patient dropout was more than 10
restorations in seven studies [21, 23, 27, 29, 30, 37, 39] and less than 10 restorations in

three studies [19, 24, 38]. There were no dropouts in four studies [20, 26, 28, 34].



Risk of bias assessment

Risk of bias assessment is shown in Figure 2. Six studies did not report the method
of randomization [19, 20, 23, 27, 37, 38] and the great majority did not report the
allocation concealment. Four studies [26, 28, 30, 34] were classified as at “low risk of
bias”, seven studies [19-21, 23, 24, 37, 38] were at an “unclear risk of bias™ and three

studies were classified as “high risk of bias™ [27, 29, 39].

Meta-analysis
Retention/F'racture

The 1-1.5 year follow-up (eight studies [19-21, 23, 24, 26, 27, 29, 30, 37, 39])
showed a risk difference (RD) of 0.00 (95%CI -0.01 to 0.01; p = 0.86, Figure 3).
Heterogeneity was not detected (p = 0.96, I = 0%) and the prediction interval was 0.00
(-0.01, 0.01, Figure 3).

In the 2-3 year follow-up (eight studies [20, 21, 27, 29, 30, 37-39]), the RD was
0.00 (-0.02 to 0.02; p = 0.88). Heterogeneity was not detected (p = 0.70, I* = 0%) and the
prediction interval was 0.00 (-0.02, 0.02) (Figure 3). The retention/fracture risk for 5 or
more years of follow-up (three studies [27, 37, 38]) was 0.05 (-0.08 to 0.18; p = 0.46).
The data were heterogeneous (p = 0.004, I* = 82%:; Figure 3). The results showed no
differences for the incremental and bulk-filling techniques at all the follow-up periods

evaluated.

Post-operative sensitivity

Post-operative sensitivity up to 30 days (two studies [28, 34]) showed a RD of
0.04 (-0.02t0 0.10; p = 0.18, Figure 4). Heterogeneity was detected (p = 0.003, I = 79%,
Figure 4). In the meta-analysis of 1-1.5 years follow-up (eight studies [19-21, 23, 24, 27,
30, 39]) the RD was 0.00 (-0.01 to 0.02; p = 0.63). Heterogeneity was not detected (p =
0.99, I* = 0%) and the prediction interval was 0.00 (-0.02, 0.02) (Figure 4).

The RD in the 2-3 year follow-up (five studies [20, 21, 27, 30, 39]) was 0.00 (-
0.01 to 0.02; p = 0.71). Heterogeneity was not detected (p = 0.49, I* = 0%) and the



prediction interval was 0.00 (-0.03, 0.03; Figure 4). The results showed no differences for

the two restorative techniques considering all the follow-up periods evaluated.

Secondary outcomes

In this study, marginal adaptation, marginal discoloration, caries, anatomical
form, surface texture and color match were also evaluated as secondary outcomes. Table
3 shows the risk difference, the confidence intervals, the heterogeneity and the prediction
intervals for the comparison of posterior restorations placed with the incremental or the
bulk-filling techniques. It can be seen that there were no statistically significant
differences for the two restorative techniques in all the follow-up periods, considering all

the secondary outcomes.

Assessment of the certainty of evidence

In the summary-of-findings table (Table 4), it is shown that the certainty of the
evidence for fracture and post-operative sensitivity risk was rated as moderate for all
follow-up periods, as these outcomes were downgraded by one level due to the unclear

risk of bias of most of the studies.

DISCUSSION

The hypothesis of this study, that the clinical performance of class I and II
restorations in posterior teeth placed with the incremental or bulk-filling techniques
would be similar, was not rejected. No significant differences were found between
incremental and bulk-filled posterior restorations when retention/fracture rate, anatomical
form, surface texture, color match, marginal adaption, marginal discoloration, caries and

post-operative sensitivity were evaluated.

The results of the present study are promising, indicating that the bulk-filling
technique is an attractive alternative for posterior restorations. It is well attested that
incremental technique takes more time and is more sensitive than bulk-fill placement
[34]; also there is the problem or air voids between the layers and operative field
contamination [10]. The simplification of operative procedures is desirable in daily

clinical practice, as most clinicians prefer to work with easy-to-use restorative materials
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that allow cavity filling in larger increments and shorter chair-time in the dental office.
Innovation in bulk-fill technology has made these composite materials easier to handle
and reduced the chances for error. However, clinicians must be careful at all steps of the
restorative procedure. Considering that in the bulk-filling technique larger increments are
used and that high irradiance light-curing units are recommended for the polymerization
of these materials, it is important to understand the consequences of polymerization
shrinkage and stress on the adhesive interface when using bulk-fill resins [40]. It is also
important that clinicians use light-curing units that can deliver the sufficient energy and
the correct wavelengths of light to polymerize resin-based materials [41], especially when
placing bulk-fill resins, to guarantee adequate degree of conversion and good mechanical
properties [42]. Another limiting factor on the use of bulk-fill resins is their translucency,
which tends to leave the restoration grayish when compared to the conventional
composites [10, 43]. In the future, it would be interesting that these materials could have
improved optical properties, including different opacity levels or the possibility of
generating their shade based on the surrounding enamel and dentin color (single-shade

resin composite).

Moisture control and saliva contamination during adhesive application and
composite placement are among the most important factors related to the success of direct
composite resin restorations. Thus, good moisture control and saliva contamination
contribute to satisfactory bonding of the restorative material to the tooth and reduces the
risk of infiltration and secondary caries, which can compromise the survival and/or
longevity of the restorations. A recent update [44] of a Cochrane Review [45] indicated
that there is low-certainty evidence that rubber dam usage in dental direct restorative
procedures may implicate in lower failure rates of the restorations compared to
restorations placed with cotton roll and suction after six months of follow-up. At longer
time periods, the evidence was found to be very uncertain. So, in the present review, the
included studies used either suction/cotton rolls or rubber dam as moisture control

methods. Only one study did not report the isolation method used [20].

It 1s important to note that several adhesive systems were used in the studies
included in this review. This is a difficult factor to standardize in the clinical studies. The
use of adhesive systems with different strategies is part of the clinical practice routine,
and the inclusion of studies with different adhesives and bonding strategies allows the

results of this review to be better generalized to clinical practice. Furthermore, other
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systematic reviews that evaluated different bonding strategies to assess retention rate,
postoperative sensitivity and other clinical parameters showed that no bonding strategy

can be considered better or more clinically effective than the others [46-48].

All relevant aspects related to the composite placement technique were described
in Table 2, however some characteristics need to be emphasized here. Thirteen of the 14
studies included in this review used conventional composite resin in the restorations with
incremental technique and bulk-fill composite resin for restorations with the bulk-filling
technique. Only the study by Loguercio et al. [30] used a bulk-fill resin for the restorations
performed by both techniques. It is also important to note that the study by Arhun et al.
[18] was excluded from this review, since all restorations were performed with the
incremental technique (both for conventional and for bulk-fill composite resins),
therefore it 1s not possible to compare the restorative techniques, as proposed in the

PICOS question.

When reporting the findings related to clinical trials, it is important to address the
evaluation criteria. The USPHS criteria, also known as Ryge criteria, are the classical
system for the clinical evaluation of dental restorative materials. It has been customized
slightly by several authors over the years, and the list of criteria was extended to include
other characteristics of interest. In this case, it is commonly reported as modified USPHS
[49]. By far, these are the most used criteria in clinical studies of direct and indirect
restorative materials. However, concems have been raised regarding their limited
sensitivity and the fact that their items may not completely indicate the clinical success
of the restorations [50, 51]. One of the possibilities is the World Dental Federation (FDI)
criteria that have now been used in randomized clinical trials. In the FDI, the criteria are
divided into three groups, comprising aesthetic, functional, and biological parameters.
Each criterion can be rated with five scores, three for acceptable and two for unacceptable
restorations [50, 51]. In the present review, 11 studies used the modified USPHS criteria,
while only the study of Loguercio et al. [30] used the FDI criteria to evaluate the
restorations. Nonetheless, the results of that study were still included in the meta-analysis,
adapted to the USPHS dichotomization of outcomes: FDI score 1 is considered success,
whereas FDI scores 2-5 are considered failure. In the present review, USPHS criteria was
dichotomized into Alpha (success) vs. Bravo/Charlie (failure) [14] in an attempt to
identify the outcomes when they were first reported, even if in a mild way. The authors

acknowledge that when the restoration was scored as Bravo, the outcome (marginal
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discoloration, for example) has already occurred, but has not yet caused the restoration to

fail.

A previous systematic review and meta-analysis was published comparing the
clinical performance of bulk-fill composite resins with conventional composite resin used
for direct restorations of posterior tecth [52]. The present study, however, has
considerable distinctions, such as the use of a more specific search strategy with MeSH
terms and free keywords, the inclusion of more databases and pertinent gray literature,
and no restrictions regarding to follow-up periods. Two other aspects are important to
highlight: (i) the way the failures were accounted for in the meta-analysis; (i) the choice

of using fixed-effect and random-effect models.

In the Veloso et al. study, a Charlie or Delta score in any of the criteria items
(marginal discoloration, retention, fracture of tooth/resin composite, caries, post-
operative sensitivity, anatomic form, marginal adaptation), was considered as restoration
failure. This approach does not account for the differences that each one of these criteria
have on clinical decision making. For instance, fracture and debonding are more
important features than marginal adaptation, the latter not requiring restoration placement
or repair. Differently, in the present study, each item was analyzed separately, as a distinct
outcome, in an attempt to compare both incremental filling techniques in all criteria of

the restoration evaluation.

The meta-analysis by Veloso et al. [52] used a fixed-effect model, because no
statistically significant heterogeneity was found among the studies. Boaro et al. [533] also
used a fixed-effect model for their meta-analyses, including the clinical performance
outcome. However, heterogeneity should not be used to validate the choice of the model
used in a meta-analysis. This choice must be based on aspects related to the study
variables. The fixed-effect model assumes that there is one true effect size and all the
studies included in the analysis share a common effect size. Also, all differences in the
observed effects are attributed to errors in sampling. On the contrary, the random-effect
model assumes that there is a distribution of true effect sizes, and the mean of this
distribution has to be estimated. Another important assumption in the random-effects
model is that the effect size may vary from study to study [54]. We understand that,
because of the differences among the studies included in the meta-analyses (type of
restoration, teeth, cavity depth. isolation method, adhesive system and placement

technique, for example), the random-effect model is the correct one to use. In addition,

13



the random-effects model incorporates the heterogeneity across the studies into the

analyses, and is preferred when heterogeneity is accounted for.

In this study, the risk difference was used to measure the effect for all the
outcomes evaluated. Other meta-analyses used risk ratio (RR) [52] or odds ratio (OR)
[53] to estimate the effects. Because the present study separated all outcomes, many of
them had no events. In this way, to include all the studies in the meta-analyses, risk
difference was used. Although risk difference is not frequently used because absolute
risks may be different at baseline, this is not the case in the present study, because all
criteria are rated as alpha or acceptable at baseline and differences only occur over time.
Risk difference can be understood as the difference in risk of a condition between an

exposed (or intervention) group and an unexposed (control) group [33].

The certainty of the evidence produced in the present study was graded as
moderate as most of the evidence came from RCTs with unclear risk of bias. The
allocation concealment is undoubtedly what contributed the most to increase the risk of
bias of the eligible studies. Out of the 14 studies, 10 were classified as unclear in this
domain. Randomization, along with allocation concealment, is considered one of the most
important features of RCTs as they prevent selection bias. However, randomization was
correctly reported in eight out of the 14 studies (low risk of bias). The blinding of
examiners presented a low risk of bias in 12 of the 14 studies. Still regarding the certainty
of the evidence, it is worth mentioning that the evidence was also downgraded for
indirectness, because the studies used different bonding strategies, adhesive systems, and
bulk-fill composite resing brands. Despite this fact, the bulk-filling technique seems to
present results comparable to the incremental technique in posterior restorations,

regardless of the materials used.

The present study has some limitations. The quality of the studies varied and most
of the included studies were at an “unclear risk of bias™ [19-21, 23, 24, 37, 38]. Three
studies [27, 29, 39] were rated as “high risk of bias™ in the incomplete outcome data
domain because more than 20% of the restorations were lost to recall. As for reporting
bias, all included studies were judged as free of selective reporting of outcomes and
premature reporting of results; however some information of the methods were under
reported in some studies, such as the number of restorations per participant [21], cavity

depth [19, 24, 27, 29, 37-39] and isolation method used for the placement of the
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restorations [20]. Regarding incomplete retrieval of identified research, all data for the

meta-analyses were available in the full-text articles.

Finally, we encourage the development of well-designed randomized clinical
trials comparing these two restorative techniques with low risk of bias regarding
methodology design, execution and reporting of the research results. It is also important
to highlight that despite the difficulties, the studies should include a large number of
participants and long follow-up periods, since the number of events tends to be small in

carly evaluations.

CONCLUSION

The present systematic review and meta-analysis showed that the clinical
performance of class I and II restorations in posterior teeth is similar when placed with
the incremental and bulk-filling techniques, although the quality of evidence was graded
as moderate. For all the outcomes evaluated, no significant differences were observed
between the restorative techniques, considering short- (up to three years) or long-term (3

years or more) follow-up periods.
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Table 1 — PubMed search strategy.

PubMed = 773 (04/02/2020)

ALC(CCCCCCCC(((dental

restoration,
permanent{MeSH Terms])
OR dental cavity
preparation| MeSH
Terms]) OR dental
marginal

adaptation| MeSH Terms])
OR "dental restoration
permanent"[ Title/Abstract
]) OR "dental cavity
preparation”| Title/ Abstrac
t]) OR "dental marginal
adaptation”[ Title/ Abstract
1) OR "posterior
teeth"[ Title/ Abstract]) OR
"posterior
tooth"[Title/Abstract]) OR
"Class I'"[ Title/ Abstract])
OR "Class

II"[Title/ Abstract]) OR
"Class 1" Title/ Abstract])
OR "Class

2" Title/ Abstract]) OR
"posterior
restoration[ Title/ Abstract

)

#2 ((((((((("composite
resins”[ Title/Abstract]) OR

"posterior

composite"[Title/ Abstract])
OR "incremental
restoration"| Title/ Abstract])
OR. "resin composite
restoration"| Title/ Abstract])
OR. "bulk fill"[ Title/ Abstract])
OR "flowable resin
composite"[Title/ Abstract])
OR "bulk-fill

technique"| Title/ Abstract])
OR "bulk-fill

composite"[ Title/ Abstract])))

#3 (randomized controlled
trial[pt] OR controlled clinical
trial[pt] OR randomized
controlled trials[mh] OR
random allocation|mh] OR
double-blind method|mh] OR
single-blind method[mh] OR
clinical trial[pt] OR clinical
trials[mh] OR ("clinical
trial"[tw]) OR ({(singl*[tw] OR
doubl*[tw] OR trebl*[tw] OR
tripl*[tw]) AND (mask*[tw]
OR blind*[tw])) OR
(placebos[mh] OR
placebo*[tw] OR random*[tw]
OR research design[mh:noexp]
OR comparative study[pt] OR
evaluation studics as topic[mh]
OR follow-up studies[mh] OR
prospective studies[mh] OR
control*[tw] OR
prospective*[tw] OR
volunteer*[tw]) NOT
(animals|mh] NO'T
humans[mh]))

#1 AND #2 AND #3
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Table 2 — Characteristics of the included studies.

Study ID Alkurdi and Abboud  Atabek et al. 2017 Balkava and Arslan Bayraktar et al. 2017 Colak et al. 2017 Frascino et al. 2020 Heck et al 2018
2016 2020 (Balkaya et al. (Manhart et al. 2008,
2019) 2009 and 2010)
Study design Parallel (NR) Split-mouth Parallel (NR) Split-mouth (NR) Split-mouth (NR) Split-mouth 3plit-mouth (NR)
No. of 60 participants, 3 30 participants, 2 54 participants, 3 groups, 30 participants, 4 groups 34 participants, 2 33 participants, 3 groups 43 participants, 2 groups
participants and | groups, N =60 groups, N =60 N=109 N=200 groups N =159 N=96
groups n=40bulk filling (n=  n =30 bulk-fillmg n =38 bulk-filling n =150 bulk-filling (n= N=74 n =106 bulk-filling =53 for  n = 46 bulk-filling

20 for each bulk-fill)
n = 20 incremental

filling

n =30 mcremental
filling

n =37 incremental filling

30 for each bulk-fill)
n = 50 meremental

filling

n =37 bulk-filling
n =37 incremental

filling

each bulk-fill)

n =53 mcremental filling

n =30 incremental
filling

No. of 1 2.1 restorations for NR 4 At least 2 At least 3 2to4d
restorations per each group
participant
Participants age | Range: 20 - 50 vears Range: 7 - 16 vears Range: 20 - 32 vears Range: 18 - 45 vears Range: 23 - 56 Range NR. Range: 19 - 67 vears
(range and mean | Mean £SD: NR Mean =SD: NR Mean = 8D: 22 £ NR Mean £8D: 258749  vears Mean + SD: 48.3 £+ 10 years Mean + SD: 44.3 £+ NR
+3D) years years Mean + SD: 33.7 + years

6.8 years
Tvpe of Clase 11 Class I Class II Class II Class 11 Clasg I and IT Clasg I and II
restorations Permanent premolars First (36) and second  Premolars (35) and Premolars (95) and Premolars (24) and  Premolars (94) and molars First and second molars
Teeth and molars (24) molars molars (40) molars (103) molars (50) (65) Cavity depth: NR
Cavity depth Caries degree D3-D4 4- to 5-mm deep Cavity depth: mostly Medium-size cavities Cavity depth: NR

according to
DIAGNOdent
Cavity depth: NR

cavities withno
more than two thirds
of the mtercuspal
distance

moderate

size of the isthmus with
no more than two-thirds
of the mtercuspal
distance

At least 3 mm deep cavities

Classification of | Sound activated (Sonic  Sound activated Sculptable (Filtek Bulk Sound activated (Sonic Sculptable (Tetric Flowable (Filtek Bulk Fill Sculptable (Quxfil)
bulk-fill resin Fill) and sculptable (Sonic Fill) Fill Posterior Fill), tlowable (Filtek EvoCeram Bulk- Flow) + Filtek Z350XT
(Tetric N-Ceram Bulk Restorative) Bulk-Fill Flowable Fill) Flowable (SDR) + TPH3
Fill) Restorative) and
sculptable (Tetic
EvoCeram Bulk-Fill)
Isolation method | Rubber dam NR Cotton pellets and Cotton rolls and suction  Cotton rolls Rubber dam Suction and cotton rolls.
suction When not considered
sufficient, rubber dam
Adhesive system | Etch-and-ringe (N Self-etch (OptiBond ~ Universal, application Self-etch (Clearfil SE Self-etch (AdheSE  Etch-and-rinse (Peak Self-etch (Xeno III) and
Bond) All-In-One) mode NR (Single Bond Bond) Bond) Universal) etch-and-rinse (Syntac
Umiversal) Etch-and-rinse (Adper Single  Classic)
Bond 2)

Etch-and-1inse (XP Bond)

23



Universal, used in self-
etch mode (Single Bond
Universal)

Self-etch (AdheSE
Bond)

Self-etch (OptiBond All-
In-One)

Placement
technique

TetricEvo Ceram: 2
mm incremental
filling, light-cured 20 s
Tetric N-Ceram Bulk
Fill: 4 i bulk-filling,
light-cured 40 &

Sonic Fill: 5 mm bulk-
filling, light-cured 40 &

Herculite Ultra: 2-
mimn layers,
incremental filling,
light-cured 20 &
SonicFill: 53-mm
lavers, bulk-filling,
light-cured 20 s

Charisma Smart
Composite: 2-mm-thick
horizontal layers, light-
cured 20 =

Filtek Bulk Fill Posterior
Restorative: 4-mm-thick
layers, light-cured 20 s

Clearfil Photo Posterior:
2-mnm layers,
incremental filling,
light-cured 20-30 2
Filtek Bulk Fill
Flowable Restorative: 2-
4-mnm layers, bulk-
filling, covered at least 2
mimn with Filtek P60,
light-cured 20 s

Tetric EvoCeram Bulk-
Fill: 4-min layers, bulk-
filling, light-cwred 20 s
Sonic Fill: 4-min layers,
bulk-filling, light-cured
208

TetricEvo Ceram:
2 mm layers,
incremental filling,
light-cured 20 &
Tetric EvoCeram
Bulk-Fill: 4 min
layers, bulk-filling,
light-cured 20 &

Amelogen Plus: oblique 2-
mm  layers, incremental
filling, light-cured 20 s. The
last increment was light-cured
for 40 s.

Filtek Bulk Fill Flow + Filtek
Z350XT: bulk-fill — a single
increment was inserted m the
cavity, light-cuwred for 40 =
Material was kept 2 mm
below the occlusal margin.
Conventional — incremental
filling with oblique 2 mm-
layers, light-cured 20 s. The
last mcrement was light-cured
for 40 s.

SDR + TPH3: bulk-fill —a
single mcrement was inserted
of not more than 4 mm, light-
cured 40 s. The matenal was
kept 2 mm below the
cavosurface angle.
Conventional — incremental
filling with oblique 2 min-
lavers, light-cured 20 &. The
last mcrement was hight-
cured for 40 =.

Quixfil composite: 4
min-layers, bulk-filling,
light-cured 10 sec.
Tetric Ceram: 2 mm-
layers, incremental

filling, light-cured 20 =.

Evaluation
criteria

Modified USPHS
criteria for
postoperative

Modified USPHS

criteria for retention,

color matching,
marginal

Modified USPHS criteria

for anatomic form,
contact point, marginal

Modified USPHS
criteria for retention,
color matching,

Modified USPHS
criteria for

retention, marginal

Modified USPHS criteria for
retention, marginal integrity,
margmal discoloration,

Modified USPHS
criteria for swface
texture, color match,
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sengitive, marginal
mtegrity, marginal
discoloration, surface
texture, color stability,
wear, fracture, and
gecondary carieg

discoloration,
marginal adaptation,
gecondary caries,
surface texture,
anatomical form,
and postoperative
gensitivity

adaptation, marginal
discoloration, secondary
caries, color match,
postoperative gengitivity,
retention, and surface
texture

marginal discoloration,
marginal adaptation,
secondary caries,
surface texture,
anatornic form, and
postoperative sensitivity

surface texture, wear,
secondary caries, anatomnical
form, surface staining, color,
and gingival tissue.
Postoperative sensitivity and
proximal contact

integrity, marginal
discoloration,
anatomic form, and
secondary caries

anatomic form of the
complete surface,
anatomic form at the
marginal step, marginal
integuity, discoloration
of the margin and
gecondary caries.
Integrity of the tooth,
integrity of the
restoration, occlusion,
testing of the sensitivity,
postoperative svimptomas,
and patients acceptance

Follow-up (max)

1 year

2 years

2 years

1 year

1 year 1 year

10 years

Number of
participants and
restorations lost
to recall

2 participants, 2
restorations

Number of participants
NR, 12 restorations

7 participants, 57
restorations

2 participants, 4 0
restorations

Number of participants
NR, 40 restorations




Table 2 (Continued) — Characteristics of the included studies.

Study ID Hickey et al. 2016 Karaman et al. 2017 Loguercio et al. 2019 Tardem et al. 2019 Van Dijken and Pallesen Van Dijken and Yazici et al. 2017
(Costa etal. 2017) 2016 (Van Djiken and Pallesen 2017 (Van
Pallesen 2015) Djiken and Pallesen
2014
Study design Parallel (NR) Split-mouth (NR) Split-mouth Parallel (NR) Split-mouth (NR) Split-mouth (NR) Split-mouth (NR)
No. of 72 participants, 2 groups 37 parficipants, 2 groups 72 participants, 2 81 participants, 6 82 participants, 2 groups 38 participants, 2 50 participants, 2
participants N=72 N=94 groups groups N =200 groups groups
and groups n = 36 bulk-filling n = 47 bulk-filling N=1236 N =295 n = 100 bulk-filling N=106 N=104
n =36 meremental filling n =47 incremental filling n= 118 bulk-filling n = 198 bulk-filling n =100 incremental filling  n= 353 bulk-filling n = 52 bulk-filling
n =118 incremental n =97 incremental n= 33 incremental n = 52 incremental
filling filling filling filling
No. of 1 Atleast 2 2t04 Atleast 1 2t04 2to4 2t04
restorations per
participant
Participants age | Range: 18 - 70 vears Range: 19 - 41 years Range: NR Range: NR Range: 20 - 86 years Range: 32 - 87 years Range: 24 - 35 years
(range and Mean £ SD: NR Mean £ SD: 27 £ NR Mean+3SD: 3410 Mean £5D: NR Mean £ SD: 524 = NR Mean+SD: 553 +NR  Mean+SD: NR
mean + SD) vears years years years
Type of Clags [(17) and Class II Class II Class I (120) and class Class I (170) and Class I (70) and Class II Clasz I (30) and Class Class II
restorations (33 Premolars (41) and m(110) Class T1(119) (124) 1 (76) Premolars (54) and
Teet.h Premolars (23) and molars (33) Premolars (78) and Premolars (126) and  Premolars (67) and molars Premolars (47) and molars (60)
Cavily depth molars (43) Cavity depth: NR molars (138) molars (169) (133) molars (59) Cavity depth: NR

Cavities with at least 2

Cavities at least 3mm

Cavity depth: 2 mm

Cavity depth: NR

Cavity depth: NR

mun in depth deep to 3mimn
Classification of | Flowable (SDR) + 2250 Flowable (X-tra bage) + Sculptable (Tetric N- Sculptable (Filtek Flowable (SDR) + Ceram Flowable (SDR) + Sculptable (Tetric
bulk-fill resin GrandioSO Ceram bulk-fill) Bulk Fill Posterior X mono Ceram X mono EvoCeram Bulk Fill)
Restorative)
Isolation Rubber dam Cotton rolls and suction Rubber dam Rubber dam Cotton rolls and suction Cotton rolls and Rubber dam
method suction
Adhesive Etch-and-1inse Etch-and-tinse (Adper Etch-and-1inse (Tetric Universal, used Self-etch (Xeno V) Self-etch (Xeno V) Etch-and-1inse
system (Scotchbond NT) Single Bond 2) N-Bond) and self-etch selfretch mode with (Adper Single Bond
(Tetric N-Bond SE) or without selective 2 and Excite F)
enamel-etching
(Single Bond
Universal)
Placement Flowable bulk-fill Aelite Flo: 2 mm thick Tetric N-Ceram bulk- Filtek Z350XT: SDR + Ceram X mono: 4- SDR + Ceram X mono:  Tetric EvoCeram
technique restorative material layers, light-cured for 20  fill (bulk-fill, oblique mcrements of  mim layers, light-cared 20 s,  4-mun layers, light- Bulk Fill: bulk up to

(SDR) + Z250: one bulk

g and the remaining cavity

mcremental technique):

no more than 2 mm

ag needed to fill the cavity

cured 20 &, as needed to
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increment up to 4 min, ag
needed to fill the cavity
up to 2 mm short of the
occlusal surface. The last
2 mm was mcrementally
restored with Z230

7250. 2
incrementally-filling

mim-layers,

restored
merementally with
GrandioS O (2 mun, light-
cured 20 )

X-tra base: 4 mm thick m
bulk increments as
needed to fill the cavity 2
min short of the occlusal
cavoswface, light-cured
for 20 8. The remaining

was

2-mm-thick horizontal
layers, light-cured 20 &
Tetric N-Ceram Bulk
Fill (bulk-fill, bulk
technique): 4-mm-thick
horizontal layers, light-
cured 20 s

in thickness, light-
cured 20 s

Filtek Bulk Fill
Posterior Restorative:
merements of no
more than 3 min in
thickness, light-cured
40 s

2 min short of the occlusal
cavosurface. The last 2
min-layer was completed
using Ceram X mono
Ceram X mono: 2-mm
oblique lavers, light-cured
20-30 &

fill the cavity 2 mm
short of the occlusal
cavosurface. The last 2
min-laver was
completed using Ceram
X mono

Ceram X mono: 2-mm
oblique lavers, light-
cured 20-30 s

4-mm thickness,
light-cured 20 &
Filtek Ultimate:
meremental filling
technique, 2-mm
lavers, light-cured 20

=

occlusal part of the
cavity was restored with
a GrandioSO layer
Evaluation Likert Scale (0-3) for Modified USPHS criteria  FDI criteria (World Numerical rating Modified USPHS criteria Modified USPHS Modified USPHS
criteria postoperative sensitivity  for retention, marginal Dental Federation) for: gcale (NRS) and for anatomical form, criteria for anatomical criteria for marginal
and tendemess on biting discoloration, marginal fracture, marginal visual analogue scale  marginal adaptation, color form, margmnal adaptation, marginal
adaptation, color match, adaptation/dis- (VAS) for match, marginal adaptation, color discoloration, color
surface texture, anatomic  coloration, wear, postoperative discoloration, surface match, marginal match, and surface
foorm, and secondary contact pomt/food gensitivity roughness, and caries discoloration, surface texture
caries impact, patient view, roughness, and caries
color stability,
translucency,
postoperative
gensitivity, and
recwrence of carles
Follow-up 30 days 3 years 3 years 7 days 5 years 6 years 3 years
(max)
Number of 0 Number of participants 4 participants, 16 0 Number of participants NR,  Number of participants 11 participants, 23
pa;ticipants NR, 28 restorations restorations 17 restorations NR, 8 restorations restorations
an

restorations lost
to recall
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Table 3 — Data and analyses for the secondary outcomes comparing posterior restorations placed with the incremental or the bulk-filling techniques.

Follow- Bulk-fill  Incremental Effect estimate Test for Hete.rogenelty .
Included _ overall Chi- Prediction
Qutcome up . (events/ (events/ RD [M-H, 5 i
studies a effect square I interval [95%0CI]
(vears) total) total) Random, 95%CI| (pvalue)  (p-value)
11[19-21, 23,
1to 1.5 24,26,27, 29, 44/729 30/576 0.01 [-0.01,0.02] 0.50 0.54 0% 0.01 [0.00,0.02]
hd/[arig:gitr'lal 2to 3 83[%0?;:1?37’ 41/435 52/441 -0.02 [-0.06,0.02] 0.39 0.13 37% -0.021-0.07,0.03]
adaptation 0 29, 30, 37-39] . .06,0. . . 0 . .07,0.
Ifl;’r‘; 312737381 61167 8/170 -0.01 [-0.06,0.03] 0.52 0.87 0% ;
11[19-21, 23,
lto 1.5 24,26,27,29, 52/729 31/576 0.01[-0.01,0.03] 0.41 0.60 0%  0.01[-0.01,0.03]
d'wigin:l'l 2to 3 83[%0?;:1?3]1 48/435 52/441 -0.00 [-0.04,0.03] 0.94 0.16 34%  0.00 [-0.04,0.04]
iscoloration 0 29, 30, 37-39] . .04,0. . . 0 . .04,0.
Ifl;’r‘; 312737381 411167 28/170 0.07 [-0.01,0.15] 0.00 0.36 3% ;
10 [19, 20, 22-
lto 1.5 24,26,27,29, 6/680 2/527 0.00 [-0.01,0.01] 0.96 1.00 0%  0.00[-0.01,0.01]
30, 37]
Caries 7120, 22,27, o
2to 3 29,30, 37, 38] 2/394 0/401 0.00 [-0.01,0.02] 0.66 0.97 0%  0.00 [-0.03,0.03]
rrslc())rl;a 3127, 37, 38] 5/167 5/170 0.01 [-0.03,0.04] 0.72 0.76 0% -
9[19-21, 23,
) lto 1.5 24,26,27,29, 15/562 8/409 0.01[-0.01,0.02] 0.50 0.86 0%  0.01[0.00,0.02]
Anatomical 37]
form 6 [20, 21, 27
2to 3 29 %7 %8] ’ 10/284 6/291 0.01 [-0.02,0.03] 0.54 0.95 0%  0.01[-0.02,0.04]
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5or

3127, 37, 38]

o 15/167 16/170 0.00 [-0.05,0.06] 0.91 0.51 0% -
1to 1.5 2“7[33'231; 2365] 13/447 7/380 0.01[-0.01,0.02] 0.54 0.89 0%  0.01[-0.00,0.02]
Surface 7120, 21,27, o

toxture 2103 20, 37.39] 12/325 12/331 0.00 [-0.03,0.03] 0.94 0.39 5%  0.00 [-0.04,0.04]

rfl;’r‘; 3127, 37, 38] 16/167 10/170 0.04 [-0.02,0.09] 0.21 0.94 0% -

11[19-21, 23,
1to 1.5 24,26,27.29,  77/729 63/576 0.00 [-0.02,0.02] 0.80 0.35 9%  0.00 [-0.02,0.02]
30, 37.39]
3 “¥

Colormatch 5 289[‘206 ‘317’3’3’] 127/435 115/441 0.00 [-0.03,0.04] 0.97 0.21 27%  0.00 [-0.05,0.05]

rfl;’r‘; 32737381 4051167 98/170 0.05[-0.02,0.11] 0.13 0.69 0% -
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Table 4 — Summary of findings table.

Patient or population: class I and II restorations in posterior teeth
Intervention: restorations performed with the bulk-filling technique
Comparison: restorations performed with the incremental-filling technique

Anticipated absolute o .
effects T(95% CI) Relative effect N O.f. Ce.rtalnty of the
Outcome Follow-up I al (95% ClI) participants evidence
Bulk-filling oo o (studics)  (GRADE)
filling
] . OO0
Ito 1.5 RD 0.00 1305
years 14 per 1000 9 per 1000 (-0.01100.01) (11 RCTs) aMODERATE
OO0
2to3 - RD 0.00 876
I'racture years 32 per 1000 25 per 1000 (-0.0210 0.02) (8 RCTs) aMODERATE
i ] eoe0)
3 years or RD0.05 3379
more 72 per 1000 47 per 1000 (-0.0810 0.18) (3 RCTs) aMODERATE
Up to 30 107 per 105 per RD0.04 367 SI?IG)BECI){ATE
days 1000 1000 (-0.02t0 0.10) (2 RCTs) a
Post- - SOHO)
. 1to 1.5 RD 0.00 861
oper.at_w_e years 6 per 1000 0 per 1000 (:0.01100.02) (8 RCT) aMODERATE
sensitivity
. OO0
2to3 RD 0.00 510
years 12 per 1000 0 per 1000 (:0.01100.02) (5 RCTs) aMODERATE

+ The risk in the intervention group (and its 95% CI) is based on the assumed risk in the

comparison group.
CI: confidence interval, RCTs: randomized clinical trials; RD: risk difference.

* The majority of the RCTs are at unclear risk of bias

Categories of certainty of evidence (GRADI)

High: Very confident that the true effect lies close to that of the estimate of the effect
Moderate quality: Moderate confidence in the effect estimate: the true effect is likely to
be close to the estimate of the effect, but there is a possibility that it is substantially

different

Low: Limited confidence in the effect estimate: the true effect may be substantially
different from the estimate of the effect
Very low: Very little confidence in the effect estimate: the true effect is likely to be
substantially different from the estimate of effect
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Figure 1 - Flowchart of the study.
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Figure 3 — Forest plots of the retention/fracture risk of composite resin restorations in

posterior teeth placed with the incremental and bulle-filling technicques.
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Figure 4 — Forest plots of the risk of post-operative sensitivity of composite resin

restorations in posterior teeth placed with the incremental and bulkfilling techniques.
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Manuscrito 2

Efeito da biodegradacio em saliva na rugosidade superficial e dureza de

restauracdes com materiais resinosos e da estrutura dental adjacente

RESUMO

() objetivo foi a avaliar o efeito da biodegradaciio em saliva na rugosidade média (Ra) e
dureza Vickers (VHN) de dois materiais restauradores diretos, do esmalte e da dentina
adjacentes a restauragido. Cavidades em esmalte e dentina de molares (n=10) foram
restauradas com: 1) resina composta bulk-fill ( Tetric N-Flow Bulk Fill, BF) com aplicagio
de sistema adesivo (Tetric N-Bond Universal): e ii) material restaurador do tipo alkasite
(Cention N, CN) com e sem aplicagio de sistema adesivo. Apos 24h (baseline), foram
avaliadas rugosidade e dureza superficiais do material restaurador, do esmalte e dentina
a 100 pm da interface dente/restauragio. As amostras foram submetidas a biodegradagio
em saliva estimulada por 7 dias (associada a aplicagdo de sacarose 20% 10x/dia). Ra e
VHN foram novamente determinados. Os dados foram analisados por ANOVA e teste de
Tukey (u=5%). BF apresentou Ra significativamente menor do gque o CN. A degradagio
em saliva resultou em Ra significativamente maiores do que no baseline. Foi observado
maior VHN para os materiais, esmalte e dentina no baseline em relagio a dureza apos a
biodegradacio. A dureza do esmalte foi significativamente maior para o grupo restaurado
com BF: a dureza do esmalte dos grupos restaurados com CN com e sem adesivo foram
menores que a BF e semelhantes entre si. Para CN, a aplicagiio de sistema adesivo
influenciou negativamente na dureza da dentina adjacente a restauragio. Pode-se concluir
que BF apresentou maior lisura superficial comparada ao CN antes e apods a
biodegradagio. A imersiio em saliva estimulada promoveu a diminuigio da dureza nos

dois materiais restauradores, no esmalte e na dentina adjacentes a restauragio.

Palavras-chave: esmalte. dentina, resina composta. dureza e rugosidade.

* Manuscrito sera submetido ao peridédico: Brazilian Oral Research. Manuscrito
formatado de acordo com as normas especificas do periodico (acessado em: 05/02/2022).
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INTRODUCAO

A utilizagdo das resinas compostas em restauragdes de dentes posteriores tem se
tommado frequente na pratica clinica diaria. Sendo assim, os materiais restauradores
estéticos diretos tém sido aprimorados, suas composigdes tém sido alteradas e
propriecdades mecanicas melhoradas, bem como as técnicas adesivas tém sofrido
modificagbes significativas para que estas restauragdes possam apresentar longevidade e
bom desempenho clinico.! Além da estética em dentes posteriores, pacientes e clinicos
procuram por procedimentos restauradores mais simples ¢ rapidos, o que ¢ conseguido
com o uso de materiais que permitem a inser¢do em volume Unico ou em maiores
incrementos, como as resinas bulk-fill, que podem ser utilizadas em incrementos que

variam de 4 a 5 mm de espessura.t

A preocupagdo com a durabilidade das restauragdes estéticas diretas em dentes
posteriores fez com que muitos estudos avaliassem o desempenho dos materiais
restauradores estéticos diretos, no que diz respeito a presenga de fraturas, sensibilidade
pos-operatoria, recidiva de carie e taxa de retengio da restauragéio.”® Dentre os fatores de
insucesso para restauragdes estéticas diretas em dentes posteriores, a recidiva de carie ¢
considerada um dos principais fatores,” sendo caracterizadas pela perda mineral da
estrutura dental, por meio dos acidos produzidos por bactérias do biofilme dentario,
principalmente quando expostos a sacarose e carboidratos da dieta ¢ precaria higiene
bucal.> !” Sabe-se que a agio quimica dos componentes provenientes da dieta influenciam
o equilibrio do pH, as enzimas salivares e os produtos resultantes da presenga bacteriana,
que em conjunto com a agdo fisica da mastigagio, leva a um processo destrutivo da

I Desta forma, os materiais

superficie das restauragdes, chamado biodegradagio.!
restauradores diretos, em especial as resinas compostas, tém sido cada vez mais
aprimorados, tendo sua composi¢do quimica modificada para que o processo de
biodegradagio nio interfira de maneira tio significativa na longevidade clinica destes

materiais. '

De maneira geral, as restauragdes de resina composta sdo confeccionadas pela
técnica incremental, com a inser¢do de incrementos de 2 mm na cavidade. Esta técnica
reduz a contragdo de polimerizagio, diminui a tensio na interface entre dente e
restauragdo, permite que a luz atravesse o material restaurador, diminuindo a
possibilidade de sub-polimerizagio, ou a formagio de fendas na interface.! Para diminuir

o tempo clinico e a sensibilidade técnica, surgiram as resinas bulk-fill, que sdo compositos
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restauradores com contragdo de polimerizagio reduzida e, devido a uma maior
translucidez ¢ modificagdes na composigdo, permitem que a luz incidente penetre mais
profundamente na resina, possibilitando a utilizagdo de incrementos de até 4 a 5 mm
quando fotoativados por 20 s.1 3 1213 Porém, apesar da maior facilidade de utilizagio,
ainda se buscam alternativas estéticas para dentes posteriores que permitam a utilizagio
em incremento Unico em cavidades com profundidade maior que 5 mm e que apresentem

versatilidade em sua utilizagao.

Como alternativa para a restauragio direta de dentes posteriores, foi desenvolvido
um compdsito alternativo, do tipo alkasite (Cention N, Ivoclar-Vivadent). Este material
pode ser utilizado para a restauragdes definitivas de Classe I e Il com facilidade na técnica
de uso, uma vez que pode ser aplicado em incremento Unico, e a aplicagio prévia de um
sistema adesivo ¢ a fotoativagio do material sdo opcionais,'* poupando assim etapas de
trabalho em comparagio com as resinas compostas convencionais. Este material pode ser
classificado como um subgrupo dos compositos restauradores, com a presenga de
particulas alcalinas, capazes de neutralizar ions acidos e remineralizar os tecidos
dentarios.'* Quando sistemas adesivos ndo sfo utilizados previamente para o tratamento
dos tecidos dentarios, o preparo deve ser retentivo, similar ao do amélgama. Ja quando
sera realizada aplicagdo de sistema adesivo, o preparo pode ser realizado de maneira

menos invasiva, o que preserva a estrutura dentaria saudavel.!®

A ndo utilizagido de
sistemas adesivos previamente a restauragio pode ser realizada em situagdes clinicas
especificas, como em cavidades ja previamente restauradas com amalgama, com
configuragio mais retentiva, tratamentos de adequagio do meio bucal, principalmente em
servigos publicos, ¢ quando ndo se pode utilizar aparelhos fotoativadores com irradiancia
suficiente para a fotoativagiio em grandes profundidades.! Nas restauragdes sem o uso de
adesivos ¢ importante avaliar o esmalte ¢ a dentina adjacentes ao material restaurador,
uma vez que a utilizagdo de interface aberta, sem a formagio de camada hibrida, pode
levar a um nao-vedamento protetor da interface, e assim a regido tende a estar mais
suscetivel a microinfiltragio.” Por outro lado, esta interface aberta, para materiais
restauradores como o alkasite, que apresentam potencial de liberagdo de ions ¢ troca
16nica com os tecidos adjacentes, permitindo a mineralizagdo da dentina ¢ prevenindo

assim, a desmineralizagio. !> !

Considerando-se a complexidade da cavidade bucal pela presenga de saliva (fluxo,

capacidade tampao, quantidade de proteinas etc.), agua e demais metabdlitos acidicos
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(alteragio constante de pH) produzidos pelo biofilme cariogénico (quantidade de biofilme
acumulado, diversidade de espécies presentes na composigdo), a manutengao dos
materiais restauradores se tornam um grande desafio.!®*° Na avaliagio das propriedades
dos materiais restauradores, a rugosidade de superficie pode estar relacionada a
quantidade de biofilme acumulado, pois tende a aumentar a adesdo bacteriana. A
capacidade de polimento ¢ a rugosidade superficial também estio ligadas a diversidade
de tamanho das particulas dos materiais restauradores, de maneira que quanto mais
particulas de carga de maior tamanho estiverem presentes no compodsito, pior a
capacidade de polimento e maior rugosidade. Dessa maneira, se o material restaurador
ndo apresentar um bom polimento, pode apresentar uma maior biodegradagdo em meio
bucal. Esta, por sua vez, forma pequenas areas de maior retengdo de biofilme, o que
aumenta consideravelmente a incidéncia de caries nas areas adjacentes as restauragdes,™
20 consequéncia também influenciada pela dieta de alta ingestio de sacarose seguida pelo
paciente.> !* Sendo assim, torna-se importante a avaliagio das propriedades fisicas e
mecanicas dos materiais restauradores diretos, uma vez que restauragdes de resina
compostas sdo as mais realizadas para a substituigdo dos tecidos dentais. Estudos
envolvendo a analise da biodegradagdo dos materiais restauradores diretos e indiretos sdo
importantes para que as propriedades fisicas e mecanicas destes materiais sejam
conhecidas, tornando os procedimentos restauradores mais seguros, previsiveis e

longevog.> 2021

Portanto, o objetivo do presente estudo foi avaliar os efeitos da biodegradagdo em
saliva na rugosidade superficial e na dureza de uma resina composta bulk-fill ¢ um
material do tipo alkasite, e na dureza do esmalte e da dentina adjacentes a restauragio,

partindo-se da hipdtese de que ambos materiais teriam desempenho semelhante.

MATERIAL E METODOS

Este estudo avaliou a rugosidade (Ra) e dureza Vickers (VHN) antes e apods
biodegradagdo em saliva estimulada de restauragdes realizadas com dois materiais
restauradores diretos, divididos em trés grupos: uma resina composta bulk-fill com
aplicagdo prévia de sistema adesivo universal, ¢ um material restaurador do tipo alkasite
com e sem aplicagdo prévia de sistema adesivo universal. Também foram avaliadas a

dureza do esmalte e da dentina adjacentes a restauragiio (Figura 1).
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Para isso, foram utilizados 20 molares higidos humanos, sem lesdes cariosas,
recém extraidos, obtidos por doagdo direta (CAAE 44167421.4.0000.0093 ¢ protocolo de
aprovagio 4.594.456). Os dentes foram limpos ¢ colocados em solugdo neutra de
cloramina T a 0,5% para desinfec¢do. Até o momento do uso, os dentes foram mantidos

sob refrigeragio (4°C) em agua destilada trocada semanalmente.

As raizes dos dentes foram seccionadas 1 mm além da jungdo cemento-esmalte e
as coroas foram seccionadas no sentido mésio-distal utilizando cortadeira metalografica
de precisdo, com disco diamantado, sob refrigeragio (IsoMet 1000, Buehler, Lake Bluff,
IL, EUA), para a exposigao de areas planas de dentina ¢ esmalte. As superficies expostas
foram polidas com lixa de granulagdo 600, por 1 min, lavadas com spray de agua e secas.
Nas hemi-coroas foram entdo confeccionadas cavidades com dimensdes aproximadas de
2 x 3 x 1.5 mm, no limite esmalte/dentina, envolvendo assim os dois tecidos dentarios.
Os preparos foram realizados com ponta diamantada tronco-conica de ponta arredondada
(FG 2135, KG Sorensen, Cotia, SP, Brasil), em alta rotagao, sob refrigeracio. As pontas

diamantadas foram trocadas a cada 5 preparos cavitarios

As hemi-coroas com as cavidades foram distribuidas aleatoriamente nos trés
grupos experimentais (n = 10). As cavidades foram restauradas com um dos seguintes
materiais restauradores, utilizados de acordo com as recomendagdes do fabricante: 1)
resina composta bulk-fill (Tetric N-Flow Bulk Fill, Ivoclar Vivadent) com aplicagio
prévia de sistema adesivo universal (Tetric N-Bond Universal, Ivoclar Vivadent); ¢ ii)
material restaurador do tipo alkasite (Cention N, Ivoclar Vivadent) com e sem aplicagdo
prévia de sistema adesivo universal. Nos grupos em que a aplicagdo de adesivo ocorreu,
houve a padronizagdo do procedimento com aplicagio vigorosa do adesivo universal,
friccionando o aplicador por 10 s, seguido de leve jato de ar e nova aplicagio, finalizando
com a fotoativagio por 20 s. Na sequéncia, os materiais foram aplicados em incremento
unico, com utilizagao de espatula para compositos, e fotoativados por 40 s utilizando-se
um aparelho fotoativador LED com irradiancia 1000 mW/cm? (Demi Led, Kerr, Orange,
CA, EUA). O acabamento e polimento dos espécimes foi realizado com discos
impregnados com oxido de aluminio com granulagdes média, fina e superfina (Sof-Lex,
3M Oral Care, St. Paul, MN, EUA), por 10 s cada, com micromotor de baixa rotagdo com
movimento de rotagdo unidirecional com leve pressdo manual, a seco. Os dentes
restaurados foram armazenados em agua destilada, a 37°C, por 24 h. Apds este periodo,

as amostras foram submetidas as analises de rugosidade e dureza.
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A avaliagdo da rugosidade superficial dos materiais foi realizada em um
rugosimetro (Surftest SJ-210, Mitutoyo Corporation, Kawasaki, Kanagawa, Japao), com
uma agulha com velocidade constante de 0,5 mm/segundo e carga de 0,7 mN. Os valores
de Ra (rugosidade média) para cada amostra foram mensurados com um comprimento
padrio de 0,25 mm. A média de rugosidade superficial de cada espécime foi obtida por

meio de trés mensuragdes consecutivas, realizadas em diferentes diregoes.

O ensaio de dureza Vickers foi realizado em microdurémetro (HM-210, 810-
404A, Mitutoyo Corporation, Kawasaki, Kanagawa, Japao) com carga de 200 g por 15 s.
Para se¢ determinar a dureza do material restaurador, trés mensuragdes foram obtidas de
cada espécime, e amédia das indentagdes foi utilizada para o calculo do nimero de dureza
Vickers (VHN). Importante ressaltar que a dureza foi avaliada em uma area diferente
daquela utilizada para determinagdo da rugosidade, de maneira que as indentagdes ndo

interferissem nas leituras da rugosidade.

Na sequéncia, as amostras foram utilizadas para a avaliagio da degradagio em
saliva estimulada (CAAE 44167421.4.0000.0093 e protocolo de aprovagio 4.594.456).
Para esta parte, foram selecionados dez participantes adultos saudaveis com idade entre
18 e 25 anos, seguindo os seguintes critérios de boa satde sistémica e bucal: auséncia do
uso de medicamentos que pudessem alterar a flora bacteriana ¢ a consisténcia salivar,
auséneia de dispositivo ortoddntico ou protético, fluxo salivar normal, sem sinal de
gengivite ou carie ativa e habilidade de comprometimento com o estudo. Os voluntarios
aptos ao estudo e que concordaram em participar assinaram um termo de consentimento

livre e esclarecido.

Os espécimes foram colocados individualmente dentro de um recipiente
esterilizado com tampa ¢ armazenados na saliva total coletada dos voluntarios. A saliva
foi armazenada em recipientes com a identificagdo de cada doador. Uma gota de sacarose
a 20% fo1 aplicada na solugdo de armazenamento, 10x ao dia, nos seguintes horarios: 8h,
9h30, 11h, 12h30, 14h, 15h30, 17h, 18h30, 20h ¢ 21h30. Os espécimes foram
armazenados a 37°C por 7 dias, sendo a saliva renovada a cada dois dias, por meio de

20

nova coleta.”” Apods 7 dias as amostras foram reavaliadas, tanto para rugosidade

superficial quanto para dureza.

A rugosidade superficial dos materiais [amostras apds 24 h de armazenamento

(baseline) e apds degradagio em saliva estimulada (7 dias)] foi avaliada como descrito
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anteriormente. A dureza Vickers do esmalte ou da dentina adjacentes as restauragdes
foram também avaliadas. As indentagdes foram realizadas a 100 um na sub-superficie do

esmalte e da dentina a partir da interface dente/restauragio.

Os dados de rugosidade dos materiais restauradores e da dureza dos materiais, do
esmalte ¢ dentina adjacentes a restauragio foram analisados por ANOVA a dois fatores
com medidas repetidas e teste de Tukey. Todas as analises foram realizadas com um nivel

de significancia de 0,05, utilizando o software SigmaPlot 11 (Systat software, Inc., San

Jose, CA, EUA).

RESULTADOS

Para a rugosidade média, foram observadas diferengas estatisticamente
significantes para os fatores material restaurador (p < 0,001) ¢ tempo (p = 0,024); a
interagio dupla nio foi significante (p = 0,303). A resina bulk-fill apresentou valores de
Ra significativamente menores do que o material do tipo alkasite. Comparando-se os
resultados de 24 h e 7 dias, a degradagdo em saliva resultou em valores de Ra

significativamente maiores do que no baseline (Tabela 2).

Os resultados de dureza Vickers (VHN) para os materiais restauradores no
baseline ¢ apdés 7 das em saliva estimulada estio na Tabela 3. Foram observadas
diferengas estatisticamente significantes para o fator tempo (p < 0,001); o fator material
restaurador (p = 0,152) e a interagdo dupla ndo foram significantes (p = 0,357). Foi
observado maior valor de dureza para o baseline em relagido a 7 dias, independente do

material.

Para o esmalte adjacente a interface da restauragédo (Tabela 4), foram observadas
diferengas estatisticamente significantes para os fatores material restaurador (p = 0,006)
e tempo (p < 0,001); a interagdo dupla nao foi significante (p = 0,763). Foi observado
maior dureza do esmalte em 24 h em comparagio com o valor apds armazenamento em
saliva estimulada por 7 dias. A dureza do esmalte foi significativamente maior para o
grupo restaurado com resina bulk-fill; a dureza do esmalte dos grupos restaurados com

alkasite com e sem adesivo foram menores que a bulk-fill e semelhantes entre si.

Ja em relagdo a dureza da dentina adjacente a restauragdo (Tabela 5), foram
observadas diferengas estatisticamente significantes para os fatores material restaurador

(p = 0,005) e tempo (p < 0,001); a interagio dupla nio foi significante (p = 0,104). Maior
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dureza da dentina foi obtida para 24 h em relagio ao armazenamento em saliva estimulada
por 7 dias. A dureza da dentina foi significativamente maior para os grupos restaurados
com resina bulk-fill e material do tipo alkasite sem adesivo em relagdo ao grupo

restaurado com alkasite e aplicagio prévia de sistema adesivo.

DISCUSSAO

Um grande namero de novos materiais, estratégias de tratamento e técnicas
restauradoras tém sido introduzidos na pratica clinica, tanto pela demanda estética dos
pacientes quanto pela diminuigido do uso do amalgama. Sabe-se que seguindo os
protocolos ideais de adesdo, como uso de isolamento absoluto do campo operatorio ¢
hibridizagdo adequada do substrato dentario, as restauragdes realizadas com resina
composta podem apresentar longevidade com bom desempenho clinico ao longo do

tempo.??

A utilizagdo da técnica incremental, com incrementos obliquos de até 2 mm de
espessura, faz com que o tempo operatorio se torne maior, porém garante a diminuigao
de defeitos adversos que podem ocorrer na restauragao, como a presenga de micro-trincas
¢ fendas na interface, normalmente causadas pela contragio de polimerizagio.?® Assim,
as resinas bulk-fill foram desenvolvidas para permitir uma otimizagdo do procedimento
restaurador em dentes posteriores, com a possibilidade de incrementos com espessura de
4a5mm. 3812133 Além das resinas bulk-fill, novos materiais tdm surgido, permitindo
também a realizagdo de restauragdes diretas em dentes posteriores com técnica
simplificada, com preenchimento da cavidade em volume, como é o caso dos alkasites.?*
26 Fste material, assim como as resinas modificadas por polidcidos, pode ser descrito
como um subgrupo dos compositos resinosos ¢ se destaca pela presenga em sua matriz
organica de particulas vitreas, capazes de liberar ions alcalinos, como fllior e caleio, que
tem a capacidade de neutralizar os ions acidicos que se encontram em regides proximas

das restauragdes.** 26

Vé-se uma grande quantidade de estudos avaliando as propriedades fisicas,
mecanicas ¢ opticas das resinas bulk-fill, mas poucos ainda relacionados aos alkasites. No
presente estudo, a resina bulk-fill apresentou valores de Ra significativamente menores
do que o material do tipo alkasite, tanto no baseline quanto apds a degradagio em saliva.

Essa diferenga na rugosidade superficial pode ser explicada pela diferenga nas particulas
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de carga dos dois materiais. O tamanho das particulas de carga dos compositos bulk-fill
tem sido reportado entre 0,1 a 4 um (com algumas particulas maiores chegando a
aproximadamente 20 um),?’” enquanto que o Cention N apresenta particulas de carga
maiores, com tamanho de 0,1 a 35 um.!* Além disso, a degradagiio em saliva por 7 dias

apresentou valores de Ra significativamente maiores do que 24 h.

A escolha pela saliva estimulada (ao invés de saliva artificial ou agua destilada)
como meio de biodegradagio neste estudo foi uma tentativa de simular melhor o ambiente
bucal, com a presenga de enzimas salivares, bactérias ¢ sacarose. Este método ja foi
utilizado em um estudo anterior, mostrando-se capaz de promover a biodegradagio da
superficie de materiais restauradores indiretos.?’ E sabido que materiais resinosos e
ionoméricos podem sofrer uma importante degradagio em presenga do biofilme
cariogénico.?® J4 foi reportado em avaliagdes in sifu, apds um periodo de 14 dias, a
presenga de dieta cariogénica ¢ acimulo de biofilme sobre a superficie restaurada pode
acelerar a degradagdo de materiais ionoméricos, mas nfo apresentou muita influéncia
sobre as resinas compostas.” A rugosidade superficial do Cention N e de outros materiais

.23 avaliaram

restauradores também foi avaliada anteriormente em dois trabalhos. Naz et al
tridimensionalmente a rugosidade antes e apds 50 mil ciclos de simulagdo de mastigagao
para um composito nano-hibrido, um cimento de iondmero de vidro e o alkasite. Apds a
simulagdo de mastigagdo, a rugosidade da superficie do alkasite foi menor do que a dos
outros materiais. Ja Yazkan®® avaliou os efeitos de bebidas energéticas e refrigerantes na
degradagido superficial de diferentes materiais restauradores diretos, como alkasite,

1ondmero de vidro de alta viscosidade e carbGmero de vidro. Neste estudo, o Cention N

apresentou superficie mais lisa do que o material a base de iondmero de vidro.

No presente estudo, foi observada diminuigdo da dureza dos materiais avaliados,
esmalte e dentina adjacentes a restauragio apos a biodegradagdo em saliva por 7 dias.
Além disso, a dureza da dentina adjacente a resina bulk-fill ¢ material do tipo alkasite sem
adesivo foi maior em relagdo a dentina do grupo restaurado com alkasite e aplicagdo
prévia de sistema adesivo. No caso da dentina e do alkasite, a utilizagdo de sistema
adesivo pode influenciar negativamente na dureza e em outras propriedades, funcionando
como uma barreira, diminuindo a capacidade de mineralizagio e de incorporagao dos ions

liberados pelo material.

Alguns estudos avaliaram a liberagdo de fluor do alkasite (Cention N),

comparando-a com cimentos de iondmero de vidro convencionais e resinas compostas.!®
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24 Nestes estudos, o alkasite foi avaliado com ou sem a utilizagio de sistemas adesivos na
cavidade e com polimerizagido quimicamente ativada ou fototivada. Importante ressaltar
que o presente estudo utilizou o Cention N apods fotoativagio, uma vez que a comparagio
seria com uma resina composta bulk-fill. Os resultados mostraram um bom desempenho
do alkasite, com menor incidéncia de infiltragdes marginais no grupo de polimerizagio
quimica, sem uso de adesivo.'® No estudo de Keli¢ et al.,'” a quantidade de ions de fltior
liberados variou entre os materiais odontolégicos avaliados ¢ dependeu do uso de
sistemas adesivos e protetores de superficie. O iondmero de vidro apresentou os maiores
valores de ions fluoreto liberados seguido do material alkasite ¢ do giémero (material a
base de resina e particulas de iondmero de vidro pré-reagido). Tanto a utilizagdo de
sistemas adesivos como de protetores de superficie diminuiram a quantidade de ions de

fltor liberados. Ja no estudo de Mesham et al.,**

0 grupo que teve o uso de adesivos na
cavidade e foi fotoatvado teve um resultado mais favoravel, com desempenho comparavel
aresina composta. Entretanto, também & importante ressaltar que a utilizagao de sistemas
adesivos com o material do tipo alkasite tem mostrado resultados bastante positivos em
relagdo a resisténcia de unifo, quando comparado com iondmero de vidro e resinas

compostas.!*> %

Apesar da utilizagdo prévia de sistemas adesivos ter se mostrado positiva para a
resisténcia de unido quando da utilizagdo do alkasite em cavidades ndo retentivas,, a
possibilidade de restaurar cavidades Classes I e II com um material auto-adesivo ¢é
bastante importante clinicamente, mostrando uma tendéncia crescente na busca de
materiais restauradores diretos auto-adesivos e de incrementos maiores ou incremento
tinico para dentes posteriores.!> 153031 Atyalmente, existem versdes experimentais e
comerciais de resinas bulk-fill auto-adesivas, simulando o método de insergido do material
do tipo alkasite, que tém sido avaliadas para garantir as boas qualidades do alkasite em

um material com melhores propriedades mecanicas.!> 3

Por fim, o alkasite parece ser um material restaurador promissor para dentes
posteriores, com procedimento clinico simples e estética aceitavel. Por sua versatilidade
no uso e boas propriedades mecanicas, ele pode estar indicado como uma boa altemativa
ao iondmero de vidro. Clinicamente, observa-se que o material apresenta uma
congisténcia menos viscosa em condigdes de maior temperatura, o que pode dificultar a
execugio da anatomia e escultura da restauragio. Apesar das caracteristicas positivas em

relagdo a utilizagdo clinica do alkasite, uma melhora na consisténcia e propriedades
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reologicas do material poderia facilitar sua a escultura, principalmente quando utilizados
em situagdes clinicas ndo ideais ou controladas. Além disso, mais estudos clinicos
randomizados sdo necessarios para avaliar as propriedades fisicas, mecanicas ¢ opticas
deste material em longo prazo e nas diferentes possibilidades de uso (com e sem aplicagio
prévia de adesivo; e somente com polimerizagdo quimica ou com complementagdo de

fotoativagao).

CONCLUSAO

Pode-se concluir que a resina bulk-fill apresentou menor rugosidade superficial
comparada ao material do tipo alkasite antes e apos desafio cariogénico. A imersio em
saliva estimulada promoveu a diminuigdo da dureza nos dois materiais restauradores
avaliados, no esmalte ¢ na dentina adjacentes a restauragido. O esmalte ¢ dentina
adjacentes a restauragio apresentaram maior microdureza quando tem uma interface de
restauragdo com a resina bulk-fill. Para o material do tipo alkasite, a aplicagio de sistema
adesivo antes da insergio do material restaurador influenciou negativamente na dureza da

dentina adjacente a restauragao.
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Pugasidadin

Duwreza Vickers

Figura 1 — Dezenho esquematico das hemi-coreas, com as cavidades restauradas para
avaliagio da rugesidade dos matenais restauradores, e dureza Vickers dos matenais e

estrutura dental adjacente a restauracfo antes e depois da hiodegradacio em saliva

estimulada.
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Tabela 1 — Composigdo dos materiais restauradores utilizados.

Material . S
restaurador Compeosicao Modo de aplicagio
Matriz: Bis-GMA, UDMA,
TEGDMA 1. Aplicagio do adesivo Tetric N

Tetric N-Flow

Carga: Vidro de bario, trifluoreto
de itérbio, 6xido misto, dioxido de

Bond Universal
2. Incrementos de até 4 mm de

Bulkc Fill silicio profundidade, fotoativados por 10 s
com irradiancia de 1000 mW/cm?
Carga: 46,4 vol% / 68,2 wt%
Po: Vidro de silicato de bario ¢ | 1. Aplicagdo do adesivo Tetric N
aluminio, trifluoreto de itérbio, Bond Universal
isofiller, vidro de fluorossilicato de| 2. Manipulagido do material na
aluminio e calcio, vidro de proporg¢io: 2 colheres medidas de
Centi fluorossilicato de calcio. po e 2 gotas do liquido
ention N

Liquido: UDMA, DCP,
dimetacrilato de tetrametil-xilileno-
diuretano, PEG-400 DMA

Carga: 57,6 vol% / 78.4 wt%

(correspondendo ao peso de 4,6:1)
3. Fotoativagio de 20 s para
cavidades acima de 3 mm de

profundidade, com irradidncia de

1200 mW/cm®

Bis-GMA: bisfenol-A glicidil metacrilato, UDMA: uretano dimetacrilato, TEGDMA:
trietilenoglicol dimetacrilato, DCP: fosfato dicalcico, PEG-400 DMA: polictilenoglicol-
400 dimetacrilato.



Tabela 2 — Média e desvio-padrio da rugosidade média (Ra) para os materiais

restauradores avaliados, antes ¢ apos desafio cariogénico.

Ra (pum)
Material restaurador 24 h Saliva estllmulada Total
7 dias
Bulk-fill 0,115 £ 0,007 0,120 + 0,009 0,118 £ 0,008 a
Alkasite 0,617 + 0,016 0.629 + 0,018 0.623 + 0,017 b
Total 0,366 + 0,265 A 0,375+ 0,268 B

*Na linha, valores seguidos pelas mesmas letras maiusculas sdo estatisticamente
semelhantes (p > 0,03). Na coluna, valores seguidos pelas mesmas letras minusculas

s@o estatisticamente semelhantes (p > 0,05).



Tabela 3 — Média e desvio-padrio da dureza Vickers (VHN) para os materiais

restauradores avaliados, antes ¢ apos desafio cariogénico.

Material restaurador

VHN material restaurador

Saliva

24h estimulada 7 dias Total
Bulk-fill 148,4 + 16,2 142,0 £ 14,5 1452+ 153a
Alkasite sem adesivo 140,0 + 13,8 133,77 + 14,6 1369+ 142 a
Alkasite com adesivo 134,94+ 13.5 130,4 + 13,1 132,6 + 13,1 a
Total 141,1 £151 A 1354+ 14,4 B

*Na linha, valores seguidos pelas mesmas letras maiusculas sdo estatisticamente

semelhantes (p > 0,05). Na coluna, valores seguidos pelas mesmas letras minusculas

s@o estatisticamente semelhantes (p > 0,05).



Tabela 4 — Média e desvio-padrio da dureza Vickers (VHN) para o esmalte adjacente a

restauragio, antes e apos desafio cariogénico.

VHN esmalte adjacente a restauragio
Material restaurador
24 h Saliva Total
estimulada 7 dias

Bulk-fill 235,1+19.0 230,4 + 18,6 2322+ 176a
Alkasite sem adesivo 2039+272 200,11+ 2.6 202.0+30Db
Alkasite com adesivo 2070+ 1.3 201,44+ 4.1 2042+ 4,10

Total 2153+17.7 A 2106+ 15,58

*Na linha, valores seguidos pelas mesmas letras maiusculas sdo estatisticamente
semelhantes (p > 0,05). Na coluna, valores seguidos pelas mesmas letras minusculas
s@o estatisticamente semelhantes (p > 0,05).



Tabela 5 — Média e desvio-padrio da dureza Vickers (VHN) para a dentina adjacente a

restauragio, antes e apos desafio cariogénico.

VIIN dentina adjacente a restauracio

) Saliva
Material restaurador 241 estimulada 7 Total
dias
Bulk-fill 137.1+ 3.4 1342 + 3,5 135,7+36a
Alkasite sem adesivo 1375+ 18,8 135,74+ 17,3 136,6 + 16,8 a
Alkasite com adesivo 1069+ 1.8 106,3+1.9 106,6 +1.8b
Total 1272+ 180 A 1254+ 169B

*Na linha, valores seguidos pelas mesmas letras maiusculas sdo estatisticamente

semelhantes (p > 0,03). Na coluna, valores seguidos pelas mesmas letras minusculas

sdo estatisticamente semelhantes (p > 0,03).
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