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ABSTRACT

Influence of MMP inhibitors on bond strength of adhesive restorations:
systematic review and meta-analysis

Objectives: This systematic review aimed to evaluate the effect of metalloproteinase
(MMPs) inhibitors on bond strength using initial (24 hours) and long-term (6, 12 months

or longer) microtensile tests.

Sources: A search was carried out in 7 databases and in the gray literature, limited to
Portuguese, English and Spanish languages without publication year limit, following
the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA)
2009.

Study selection: Only in vitro studies assessing the use of MMP inhibitors in adhesive
procedures were included. Meta-analyses were conducted with the extracted data and
the studies were evaluated for the risk of bias.

Data: Of 5,134 potentially eligible studies, 112 were selected for full-text reading, 48
were reviewed, and 43 were included in the meta-analysis. Two independent
evaluators selected the studies and assessed the risk of bias. Estimates of the
combined effect were reported as means and standard deviation between groups. The
most commonly used MMP inhibitor was chlorhexidine (CHX). The initial values of
bond strength were higher when CHX was used (p <0.05), but no difference was found
in the other time-points between groups using inhibitors and control groups. Etch-and-
rinse adhesive systems presented better results with the use of CHX, which was not
seen in self-etching systems. None of the included studies had low risk of bias, but the
analysis including only studies of medium risk of bias showed similar results to the
analysis with studies of high risk of bias.

Conclusion: The use of 2% CHX affected positively the initial bond strength, but no

inhibitor was effective in maintaining the bond strength after the aging process.

Key words: Matrix Metalloproteinases. Dental bonding. Protease Inhibitors







RESUMO

A influéncia de inibidores de MMP na resisténcia de uniao de restauragoes
adesivas: revisao sistematica e metanalise

Objetivo: O objetivo deste estudo foi revisar sistematicamente a literatura em busca
de estudos in vitro que avaliaram a influéncia da utilizagdo de inibidores de
metaloproteinase (MMP) durante procedimentos adesivos na resisténcia de unido por
meio de testes de microtracgdo iniciais (até 24 horas) e a longo prazo (6 e 12 meses
ou mais). Fontes: A busca foi realizada em 7 bases de dados e na literatura cinza,
limitado as linguas portuguesa, inglesa e espanhola sem limite ano de publicagéo,
seguindo a declaragéo Preferred Reporting Items for Systematic Reviews e Meta-
Analyzes (PRISMA) 2009. Selecao dos estudos: Apenas estudos in vitro sobre o uso
de inibidores de metaloproteinase em procedimentos adesivos foram incluidos.
Metanalise foram conduzidas dos dados extraidos e os estudos foram avaliados para
o risco de viés. Dados: De 5.134 estudos potencialmente elegiveis, 112 foram
selecionados para analise de texto completo, e 48 foram incluidos para revisdo, com
43 considerados na metanalise. Dois avaliadores independentes selecionaram os
estudos e avaliaram o risco de viés dos estudos incluidos. As estimativas do efeito
conjunto foram expressas como a valores brutos de média e desvio-padrao entre os
grupos. O inibidor de MMP mais utilizado foi a clorexidina (CHX). Os resultados
imediatos mostram maiores valores de resisténcia de unido quando a CHX foi utilizada
(p<0.05), os demais tempos estudados n&o evidenciam superioridade de nenhum dos
inibidores estudados em relagdo ao grupo controle. Analises de modo de aplicagao
mostram que sistemas adesivos convencionais sdo beneficiados quanto ao uso de
CHX, o que nado acontece com os sistemas autocondicionantes. Nenhum estudo
incluido se mostrou com baixo risco de viés, porém uma analise incluindo apenas
estudos de meédio risco de viés mostrou resultados semelhantes a analise cujo
estudos de alto indice de viés foram incluidos. Conclusdo: O uso de CHX afetou
positivamente a resisténcia de unido imediata, mas nenhum inibidor estudado se

mostrou efetivo na manutengéo da resisténcia de unido apos envelhecimento.

Palavras-chave: Metaloproteinases da Matriz. Colagem Dentaria. Inibidores de
Proteases.







Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

LIST OF ILLUSTRATIONS

Flowchart of study selection based on the PRISMA strategy............ 26

Meta-analysis by subgroups (CHX, EDC, EGCG, GD, PA e
RIBOFLAVIN vs. control), using fixed effect model, initial time (up to
24 NOUIS) .o 40

Meta-analysis by subgroups (CHX, EDC and EGCG vs. control),
using fixed effect model and 6 months of aging .............cccccuvuviiennnnnns 41

Meta-analysis by subgroups (CHX, EDC and RIBOFLAVIN vs.
control), using random effect model and 12 months of aging............ 42

Forest plots from studies with medium risk of bias. Initial vs. control

(A); 6 months vs. control (B); 12 months or more vs. control (C)....... 43

Forest plots of application mode of adhesive systems (etch-and-rinse
and self-etching). CHX (A); EGCG (B) ..ceeeeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeee 44

Forest plots CHX concentrations. CHX vs. initial control (A); CHX vs.
control 6 months (B); CHX vs. control for 12 months or more (C)..... 46







Table 1

Table 2

Table 3

LIST OF TABLES

Relation between each inhibitor and its concentrations according to

the aging time ... 29

Characteristics of the studies included in the systematic review and
meta-analysis that used metalloproteinase inhibitors, initial or aged

for6, 12 0r more MONtNS .......ccevniie e 31

Bias risk of included studies considering the factors described in

materials and MethOdS ... ..o 36







LIST DE ABBREVIATIONS AND ACRONYMS

MMP Matrix metalloproteinase
CHX Chlorhexidine Digluconate
Ca Calcium

Zn Zinc

PRISMA Preferred Reporting Items for Systematic Reviews e Meta-Analyzes

PA Proanthocyanidin

GD Glutaraldehyde

EGCG Epigalocatequina-3-galato

Y Yes

N No

Vs Versus

EDC Carbodiimide

TR Randomization of teeth

TFCR Caries-free teeth or restorations

MUAMI Materials used according to the manufacturer's instructions
APSP Adhesive procedure performed by a single operator
SZC Calculation of sample size

BOTM Blinding operator's test machine







TABLE OF CONTENTS

INTRODUCTION ...t sssss s ssass s s 15
ARTICLE ... a s e 19
DISCUSSION......cerirrrri s s s s 65
FINAL CONSIDERATIONS ... sssss s 4l
REFERENCES ...t ssss s 75

APPENDIXES ... nnsssss s ssss s 83







1 INTRODUCTION







Introduction 15

1 INTRODUCTION

In 1955 Buonocore' took the first step to obtain restorations with micromechanical
retentions to the dental structure by conditioning the dental enamel with 85%
phosphoric acid. However, the development of methods that promote good adhesion
in dentin was a more arduous assignment for the researchers, since this structure
presents great tissue complexity, with great amount of organic matter and water in its
composition?. Only in 1982, Nakabayashi et al.® demonstrated adhesion to the dentin
substrate by infiltration of resinous monomers containing hydrophilic groups and
subsequent polymerization in demineralized dentin, forming what is now known as the

hybrid layer.

Dentin is a mineralized tissue that comprises a large part of the dental structure*.
Its composed of 50% of inorganic material characterized by hydroxyapatite, 30% of
organic matter, mainly type | collagen and 20% water’. The phosphoric acid
conditioning removes the superficial mineral content (3 to 8um) during adhesive
procedures, exposing the collagen fibrils, which are infiltrated by hydrophilic resinous
monomers with subsequent polymerization, thus forming the hybrid layer?.
Nevertheless, resinous monomers are not capable of completely infiltrate dentin
demineralized, leaving collagen fibrils exposed to degradation®’. This degradation
occurs mainly by the action of the endogenous metalloproteinases present in the
dentin, particularly MMP-2, MMP-8 and MMP-989,

Moreover, a hydrolytic degradation phenomenon occurs in the hybrid layer due
to the presence of residual water, capable of plasticizing the polymers causing cracks
in the interface, liquid movement inside the hybrid layer and consequent loss of bond
strength®. Similarly, these decrease in bond strength result in defects in demineralized
dentin at the bottom of the hybrid layer®'".

Due to several studies on hybrid layer degradation researchers have seek
alternatives to increase the longevity of adhesive interfaces’?'4. Among them, the use
of metalloproteinases inhibitors in dentin pretreatment, previously the infiltration of
resinous monomers or after the application of acidified primers of the self-etching
systems'®. These studies showed the ability of metalloproteinase inhibitors to preserve
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the bond strength when compared to untreated groups, especially when interfaces

were aged either in vitro or ex vivo®1417.

Among the inhibitors of metalloproteinases, the most widespread and studied
substance is chlorhexidine digluconate, a potent synthetic antimicrobial agent that has
been found to be an excellent inhibitor of endogenous enzymes of the dentin matrix.
Several studies prove its effectiveness, showing a valuable alternative to delay the

enzymatic degradation of adhesive restorations®113.114.18-22,

Even with the successful use of chlorhexidine, this substance shows a reversible
mechanism and this occurs due to the leaching of this substance through the
interfaces, thus reducing its inhibitory potential’®2®. This fact led to the search for
alternatives to chlorhexidine as the use of natural substances such as
proanthocyanidin (PA), green tea extract and epigalocatequina-3-galato (EGCG)
242528 They can be found mainly in extracts of grape seed and cocoa, showing
effectiveness in its use, but dependent on concentration and time of application?+3'.
Besides that other substances such as carbodiimide (EDC), glutaraldehyde (GD),
galardin and riboflavin have been developed with the aim of inactivating the enzymes
that cause degradation of the hybrid layer 243" .

In summary, many evidences can be found in the literature on the use of MMP
inhibitors, both synthetic or natural’283! in preserve bond strength values when
compared to control groups, without application of MMP inhibitor. Several inhibitors
have already been tested but it is still unclear which would be the best option for clinical
application, and whether these inhibitors would actually be effective. Therefore, the
objective of this study was to systematically review the literature in search of in vitro
studies comparing the use of metalloproteinase inhibitors compared to groups without
the application of inhibitors on bond strength to dental structure through microtrensile
bond strength test in dentin specimens evaluated initially or aged.
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ABSTRACT

Objectives: This systematic review with meta-analysis aimed to evaluate the effect of
metalloproteinase (MMPs) inhibitors on in vitro bond strength using initial (24 hours) and long-

term (6, 12 months or longer) microtensile tests.

Sources: A search was carried out in 7 databases and in the gray literature, limited to
Portuguese, English and Spanish languages without publication year limit, following the

Preferred Reporting Items for Systematic Reviews and Meta-Analyzes (PRISMA) 2009.

Study selection: Only in vitro studies assessing the use of MMP inhibitors in adhesive
procedures were included (Kappa = 0.86). Meta-analyses were conducted with the extracted
data and the studies were evaluated for quality. Data: Of 5,134 potentially eligible studies, 112
were selected for full-text reading, 48 were reviewed, and 43 were included in the meta-
analysis. Two independent evaluators selected the studies and assessed the risk of bias.
Estimates of the combined effect were reported as means and standard deviation between
groups. The most commonly used MMP inhibitor was chlorhexidine (CHX). The initial values
of bond strength were higher when CHX was used (p <0.05), but no difference was found in
the other time-points between groups using inhibitors and control groups. Etch-and-rinse
adhesive systems presented better results with the use of CHX, which was not seen in self-
etching systems. None of the included studies had low risk of bias, but the analysis including
only studies of medium risk of bias showed similar results to the analysis with studies of high
risk of bias. Conclusion: The use of 2% CHX affected positively the initial bond strength, but

no inhibitor was effective in maintaining the bond strength after the aging process.

Clinical significance: The use of MMP inhibitors during adhesive procedures to promote greater
longevity to adhesive restorations is controversial. This study contributes to the understanding
of the influence of these inhibitors in bond strength of restorations, which may aid clinical

applicability.

Key words: dentin bonding agents; enzymes inhibitors; matrix metalloproteinases; systematic
review; meta-analysis.
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INTRODUCTION

Since it was first reported by Nakabayashi et al. [1], resin adhesion to the dentin substrate
has been the target of several studies [2,3]. During the adhesion process, a hybrid layer is
formed by the infiltration of resinous monomers into the network of collagen fibrils that are
exposed by acid etching and the removal of minerals [4]. The maintenance of a stable hybrid
layer over time could promote greater longevity of the resin / dentin bond, and thus, greater

effectiveness of the restoration [5].

However, the bond between resin and dentin is not stable and suffers significant loss of
strength with aging [6-8]; it is believed that this loss is related to the degradation of the hybrid
layer [9]. The two main mechanisms reported are the degradation of the collagen matrix by the
action of endogenous metalloproteinases (MMPs) present in dentin [10] or the hydrolytic

degradation of the resinous polymers that make up the hybrid layer [11,12].

The main endogenous MMPs of dentin are collagenase-2 (MMP-8), gelatinase-B (MMP-
9) [13,14], and gelatinase-A (MMP-2) [13,14], which belong to the family of calcium and zinc-
dependent proteolytic enzymes [15] found most frequently in dentin tissue affected by caries
[15,16]. In its latent form, these MMPs are not able to degrade collagen; however, after the pH
decrease during acid conditioning this MMPs is activated and followed by neutralization are
able causing degradation of exposed collagen fibrils [15,17]. Thus, exposed collagen fibrils
lead to decreased bond strength and cohesive failures in demineralized dentin below the

hybrid layer, both in etch-and-rinse and self-etching adhesives [18,19].

Consequently, the inhibition of collagen degradation by MMPs would be beneficial to the
hybrid layer [20]. Thus, antiproteolytic substances have been proposed to inhibit the action of
MMPs and promote greater longevity of the adhesive bonds, such as the solutions applied in
demineralized dentin prior to the application of adhesive systems [6,21-23].Several inhibitory
agents have been studied, including chlorhexidine digluconate (CHX) solutions [6,7,21,24,25],
proanthocyanidin (PA) [26-28], glutaraldehyde (GD) [26,28], epigallocatechin-3-gallate
(EGCG) [29], galardin [30], green tea extract [30,31], among others. However, a large number
of studies show favorable results regarding the use of these inhibitors [6,21,29,32] and others
present unfavorable results [30,33], tested soon after application [34-38] or after an aging
process [7,33,35-37,39].

In 2014, Montagner et al. [40] conducted a systematic review with meta-analysis at use
of metalloproteinase inhibitor solutions, mainly emphasizing the influence of the use of CHX

initial and after aging by means of bond strength tests. Differently from the Montagner study,
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this study conducted meta-analyzes covering different MMP inhibitors, since several inhibitors

can be found in the literature.

Therefore, the objective of this study was to evaluate the effect of specific or non-
specific MMP inhibitors applied to dentin after acid etching for a etch-and-rinse adhesive
system or after the application of the acidulated primer of self-etching systems, through a
systematic review and meta-analysis. Microtensile tests were performed soon after the
application and after the aging process. For the PICO structure was: P (patient- adapted for in
vitro studies) - healthy dentin, | (intervention) — use of different MMP inhibitors; C (control) -
without MMP inhibitors; and O (outcome) - bond strength by microtensile test. The key question
guiding this review was: "What is the effect of specific or non-specific MMP inhibitors in the
initial or long-term bond strength between resin and dentin, assessed by microtensile tests,
compared to control." The null hypothesis tested was that the use of MMP inhibitors does not

affect initial and long-term resin/dentin bond strength.

MATERIAL AND METHODS

Search strategies

This systematic review was based on the PRISMA strategy (Preferred Reporting Items
for Systematic Reviews and Meta-Analyze) 2009 [41]. The best scientific evidence for studies
aimed at verifying bond strength is provided by laboratory studies using microtensile tests.
Randomized clinical trials and in vivo studies do not allow this type of analysis with exact
numerical values. Therefore, this review aimed at in vitro studies that carried out microtensile
test in dentin. For the PICO structure was adapted as follows: P (patient) - healthy dentin, |
(intervention) — use of different MMP inhibitors; C (control) - without MMP inhibitors; and O
(outcome) - bond strength by microtensile test. The key question guiding this review was:
"What is the effect of specific or non-specific MMP inhibitors in the initial or long-term bond

strength between resin and dentin, assessed by microtensile tests, compared to control."

Registration and protocol

This study was registered in the PROSPERO base (International prospective register
of systematic reviews) with ID CRD42017077516, obtained when the protocol was sent to

https://www.crd.york.ac.uk/prospero/.
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Search strategy

An electronic search in the major scientific databases (PubMed, Web of Science,
Scielo, Lilacs, Cochrane, Embase and Scopus) and in the gray literature BDTD
(http://bdtd.ibict.br/vufind/) was performed based on the eligibility criteria. Languages were
limited to English, Spanish, and Portuguese. Studies were included until January 29, 2018.
The search strategy defined for the PubMed database was as follows: (((dentin*[tw] OR
adhesi*[tw] OR ("dentin-bonding agents" OR "dental bonding" [MeSH Terms] OR
(metalloproteinase* OR "metalloproteinase" OR "metalloproteinase" OR "metalloproteinase”
OR "metalloprotease”" OR "metalloprotease" OR protease "OR" metallo proteases "OR
metalloprotease* OR mmp[tw] OR mmps[tw] OR protease* [tw] OR proteinase* [tw] [tw] OR
storage™ [tw] OR time factor*[tw] OR aging[tw] OR longevity[tw])). The strategy was adapted

for the other databases.

Eligibility criteria

The inclusion criteria were in vitro studies that evaluated the influence of specific or
non-specific MMP inhibitors applied to human or bovine (sound) dentin after acid etching, prior
to the application of a etch-and-rinse adhesive system or prior to the application of primer in
self-etching systems (external application) that were tested for adhesive strength (microtensile)
at 24 hours after application or after an aging process (6 months or longer). Only studies that
had a control group (without application of MMP inhibitors) submitted to the same aging
conditions as the other test groups were included. Once the adhesive interface is being
evaluated, studies evaluating resin cements by microtensile tests were also included. The test
of microtensile is a technique is ideal for evaluating the long-term durability of resin interfaces

once this technique produce better stress distribution at the true interface.

The authors of studies that did not provide the complete numerical data were contacted
as an attempt to obtain the missing data and if the data were not provided the study was
excluded. Studies that did not present a control group were excluded. Studies that applied the
inhibitor prior to acid conditioning or in which the inhibitor was incorporated into the adhesive
system or phosphoric acid were also excluded or only the data of interest were collected.
Descriptive studies about MMP inhibitors were not used for quantitative purposes, but were
included for the qualitative analysis of this review. In addition, studies that used carious,
clarified, eroded, or divided dentin were excluded. A single study could be included more than
once in the quantitative analysis if it reported results for different types of inhibitors, as in

studies that studied more than one type of inhibitor.




Article 25

Screening and selection

The collected data were inserted into the reference management software Endnote
Web (https://access.clarivate.com/login?app=endnote) so that duplicate studies were
excluded. Two independent reviewers (FSC and DCS) assessed the titles based on the
eligibility criteria. If selected, the article was submitted to full-text reading (Kappa = 0.86). In
case of disagreement among the two reviewers, a third reviewer (HMH) decided whether or
not the study should be included. The complete reading of selected studies was then
performed by a reviewer (FSC) to verify the eligibility criteria. The complete flowchart of the
selection process of the included articles for qualitative and quantitative analysis the process

is shown in Figure 1.
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Fig 1. Flowchart of study selection based on the PRISMA strategy.
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Data extraction

A standardized protocol for data collection was developed by two authors (HMN and
FSC) using a Microsoft Excel spreadsheet. The main data were extracted for the meta-
analysis, including surname of first author and year of publication, type of study, type of tooth,
aging time, aging process, method of application, MMP inhibitor, and mean and standard

deviation of bond strength values in the test and control groups.

Due to the great variability of the adhesive systems used in the selected studies, these
were divided according to the mode of application (etch-and-rinse and self-etching), not taking
into account whether these systems were simplified or not. Only studies that reported data of

inhibitors using both modes of application were included.

Risk of bias assessment

Two independent authors performed the risk of bias assessment (FSC and DCS) based
on the Montagner et al. (2014) and Sarkis-Onofre et al. (2014 ) studies considering the following
criteria: randomization of teeth, caries-free teeth or restorations, materials used according to
manufacturer's instructions, single operator for the adhesive procedure, sample size
calculation, and blinding of the test machine operator. Studies that reported 2 or less criteria
were considered as having high risk of bias, 3 or 4 as medium risk of bias, and 5 or 6 as low
risk of bias. A quantitative analysis including only studies that presented medium and low risk
of bias was performed and results were compared with those of the analysis with high risk of

bias studies.

Data analysis

All the available data were used for analysis, allowing one or more data combinations
in a single article if aging time varied, such as chlorhexidine 0.2% versus control (initial) and
chlorhexidine 0.2% versus control (at 6 months). For the quantitative analysis between control
and experimental groups, the gross mean and standard deviation of each article were used.
The Comprehensive Meta-Analysis (Biostat, Englewood, NJ, USA) software was used,

considering a level of significance of 0.05.

The heterogeneity between studies was assessed by the inconsistency test (%) in which

values greater than 75% (range 0 to 100) indicate high heterogeneity[42].
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Thus, when heterogeneity was less than 75% the fixed-effect model was used and
when 75% or greater the random effect model was used. The analyzes performed for each

MMP inhibitor and their concentrations are described in Table 1.

Due to the great variability in inhibitor concentrations, only the inhibitory agent was used
in the meta-analysis, and not its concentration. Subgroup analyzes were performed for each

tested agent, so that their individual influence on the final result could be evaluated.
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Table 1

Relation between each inhibitor and its concentrations according to the aging time

Initial

6 months

12 or more months

CHX 0.002% vs. control
CHX 0.004% vs. control
CHX 0.02% vs. control
CHX 0.12% vs. control
CHX 0.2% vs. control
CHX 1% vs. control
CHX 2.2% vs. control
CHX 2% vs. control
CHX 4% vs. control
CHX 5% vs. control
CHX 1.11% vs. control
EDC vs. control

EGCG 0.1% vs. control
EGCG 0.02% vs. control
EGCG 0.5% vs. control
EGCG 2% vs. control
GD 5-10% vs. control
GD 5-8% vs. control
GD 5% vs. control

PA 10 vs. control

PA 15% vs. control

PA 6.5% vs. control

CHX 0.002% vs. control
CHX 0.02% vs. control
CHX 0.2% vs. control
CHX 1% vs. control
CHX 2.2% vs. control
CHX 2% vs. control
EDC vs. control

EGCG 0.02% vs. control
EGCG 0.1% vs. control
EGCG 0.5% vs. control
EGCG 2% vs. control

CHX 0.2% vs. control
CHX 1% vs. control
CHX 2% vs. control
CHX 2.2% vs. control
CHX 1.11% vs. control
EDC vs. control

Riboflavin 0.1% vs. control

Riboflavin 0.1% vs. control

CHX, chlorhexidine; PA, proanthocyanidin; GD, glutaraldehyde; EDC, carbodiimide;
EGCG, epigallocatechin-3-gallate.
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RESULTS

Initially, 6582 studies were found and 5134 remained after removal of 1448 duplicates.
After assessment of titles and abstracts, 112 were selected for full-text reading. Finally, 43
studies [8,23-25,27-29,43-77] from 2008 to 2018 were included in the meta-analysis (Figure

1) and another 5 articles [32,78-81] were included in the qualitative analysis.

Characteristics of the studies

Most of the selected studies used permanent teeth, except the studies by Soares, et
al., 2008 [72] and Lenzi, et al., 2014 [59] that used bovine and deciduous teeth, respectively.
Regarding MMP inhibitors, the most used solution was chlorhexidine digluconate at 2 and
0.2% concentrations. The most used aging solutions were deionized water and artificial saliva.
The most used adhesive system was Adper Single Bond 2 (3M ESPE), a etch-and-rinse two-
step adhesive system. Of the selected studies, 36 were published in English and seven in
Portuguese, the latter being theses and dissertations found in the gray literature. The

characteristics of the included studies are presented in Table 2.
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Table 2

Characteristics of the studies included in the Systematic Review and Meta-Analysis that used metalloproteinase inhibitors, initial or aged for 6, 12
or more months.

Study Type of aging Inhibitor of MMP Adhesive system Time of aging Cement
Abu Nawareg et al., Destilled water CHX 2% Adper Single Bond 2 (3 Initial, 6 and12 months -
2016 M ESPE)
Breschi et al., 2010 Artificial saliva CHX 0.2%; 2% Adper Scotchbond 1XT Initial and 24 months -
(3 M ESPE)
Breschi et al., 2009 Artificial saliva CHX 0.2%; 2% Adper Scotchbond 1XT Initial, 6 and 12 months -
(3 M ESPE), XP Bond
(Dentsply)
Costa, 2013 - CHX 2%; EGCG 0.1% Clearfil SE Bond Initial -
(Kuraray)
Cova et al., (2011) Artificial saliva RIBOFLAVIN 0.1% XP Bond (Dentsply) Initial and 12 months
Daood et al., 2017 Artificial saliva quaternary ammonium Adper Single Bond 2 (3 Initial, 6 and12 months -
silane 10%; 2%; 5%; M ESPE), Prime&Bond
CHX 2% NT (Dentsply)
Delgado, 2015 Artificial saliva EDC; EDC PRIMER Adper Scothbond Multi Initial and 6 months -
(3M ESPE)
Ekambaram et al., Artificial saliva CHX 2% EXPERIMENTAL Initial and 12 months -
2014
Erhardt, Osorio, and - CHX 5% Adper Scotchbond 1XT Initial -

Toledano, 2008 (3 M ESPE)
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Francisconi-dos-Rios et Artificial saliva CHX 2% Adper Single Bond 2 (3 Initial, 6 and 12 months -
al., 2015 M ESPE)
Gerhardt et al., 2016 Distilled and deionized CHX 2%; EGCG 2% Clearfil SE Bond Initial and 6 months -
water (Kuraray)
Giacomini et al., 2017 Artificial saliva CHX 2% Adper Single Bond Initial and 6 months -
Universal (3M ESPE)
Gunaydin, Yazici, and - CHX 2% Adper Single Bond 2 (3 Initial -
Cehreli, 2016 M ESPE), Clearfil SE

Bond (Kuraray), Adper
Prompt-L-Pop (3M
ESPE)

Hass et al., 2016 Destilled water GD 5%; PA 6.5%; Adper Single Bond Initial and 18 months -
RIBOFLAVIN 0.1% Plus (3 M ESPE),
Tetric N-Bond (Ivoclar)

Hiraishi et al., (2009) - CHX 2% Adper Single Bond 2 (3 Initial Panavia F2.0 (Kuraray)
M ESPE
SPE) RelyX Unicem (3M
ESPE)

RelyX ARC (3M ESPE)

Lee and Sabatini, 2017 Simulated body fluid GD 5-10%; GD 5-8% Gluma Comfort Bond Initial and 6 months -
(Heraeus Kulzer)
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Lenzi et al., 2014 Destilled water CHX 2% Adper Single Bond (3M Initial and 6 months -
ESPE)
Lin et al. 2013 Aqueous solution of CHX 2%; 0.2% - 6 months Panavia F2.0 (Kuraray)
chloramine at 0.5% .
RelyX Unicem
(3M ESPE)
Liu et al., 2014 Collagenase type Il CHX 2%; PA 10%; Adper Single Bond 2 (3 Initial -
challenge 15% M ESPE)
Loguercio et al., 2016/1 Destilled water CHX 2% Prime&Bond NT Initial and 24 months -
(Dentsply), Adper
Single Bond 2 (3 M
ESPE)
Loguercio et al., 2016/2 Destilled water CHX 2% Prime&Bond NT Initial and 60 months -
(Dentsply), Adper
Single Bond 2 (3 M
ESPE)
Loguercio et al., 2009 Destilled water CHX 0.002%; 0.02%; Prime & Bond 2.1 Initial and 6 months -
0.2%; 2%; 4% (Dentsply), Adper
Single Bond (3M
ESPE)
Luhrs et al., 2013 Destilled water Galardin, CHX 2% - 6 months Clearfil SA (Kurara),
RelyX Unicem (3M
ESPE), Nexus
3/Optibond (Kerr)
Manso et al., 2014 Destilled water CHX 1% - water; CHX All Bond 3 (Bisco Inc.), Initial, 6 and 15 months -
1% - ethanol Excite (Ivoclar

Vivadent)
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Mazzoni et al., 2013

Mazzoni et al., 2018

Montagner, 2013

Perote, 2016

Perote et al., 2015

Sabatini, Kim, and
Alias, 2014

Sabatini, Ortiz, and
Pashley, 2015

Sadek et al., 2010

Artificial saliva

Artificial saliva

Destilled water

Artificial saliva

Artificial saliva

Simulated body fluid

Artificial saliva

EDC

EDC

CHX 2%

CHX 0.2%

CHX 0.02%

CHX 2%

CHX 2%

CHX 2%

Optibond FL (Kerr),
Adper Scotchbond 1XT
(3 MESPE)

Clearfil SE Bond
(Kuraray), XP Bond
(Dentsply)

Adper Single Bond 2 (3
M ESPE)

Adper Single Bond
Universal (3M ESPE)

Adper Single Bond 2 (3
M ESPE)

Adper Single Bond
Plus (3 M ESPE)

Adper Single Bond
Plus (3 M ESPE)

EXPERIMENTAL,
Adper Scothbond Multi
(3M ESPE), Adper
Single Bond 2 (3 M
ESPE)

Initial and 12 months

Initial and 12 months

Initial and 18 months

Inicial

Initial and 6 months

Initial and 6 months

Initial and 24 months

Initial and 18 months
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Sanabe, 2009

Santiago et al., 2013

Scaffa, 2012

Scheffel et al., 2015

Soares et al., 2008

Souza, 2015

Stanislawczuk et al.,
2009

Stape et al., 2012

Stape et al., 2014

Sodium azide

Artificial saliva

Artificial saliva

Destilled water

Artificial saliva

Artificial saliva

CHX 2%

Adper Single Bond 2 (3 Initial -
M ESPE), Clearfil SE
Bond (Kuraray), Adper
Prompt-L-Pop (3M
ESPE), Adper
Scothbond Multi (3M
ESPE)

EGCG 0.02%; 0.1%; Adper Single Bond 2 (3 Initial and 6 months -

0.5%; CHX 2%

M ESPE)

CHX 0.2%; 2.2%; 22% Adper Single Bond 2 (3 Initial, 6 and 18 months -

EDC

CHX 0.12%; 2%

CHX 0.2%

CHX 2%

CHX 2%

CHX 2%

M ESPE)

Adper Single Bond Initial, 6 and 12 months -
Plus (3 M ESPE)

Adper Single Bond 2 (3 Initial -
M ESPE)
Adper Single Bond Initial -
Plus (3 M ESPE)
Prime&Bond NT Initial and 6 months -

(Dentsply), Adper
Single Bond 2 (3 M

ESPE)
Adper Scothbond Multi Initial and 48 months RelyX ARC (3M ESPE)
(3M ESPE) e RelyX U100 (3M
ESPE)
Adper Scothbond Multi Initial RelyX ARC (3M
(3M ESPE) ESPE) e RelyX U100

(3M ESPE)
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Talungchit et al., 2014 Sodium azide CHX 2% EXPERIMENTAL Initial and 24 months -

Tekce et al., 2016 Destilled water CHX 2% Single Bond Universal Initial and 12 months -
(3M ESPE) e ALL-
BOND UNIVERSAL
(Bisco)

All selected studies used permanent teeth, except Soares et al., 2008 and Lenzi et al., 2014 who used bovine and deciduous teeth
respectively.

MMP, matrix metalloproteinase.

Of the 43 studies included, none had a low risk of bias, 53.4% (23) presented a medium risk, and 46.6% (20), a high risk of bias. These

results are described in Table 3.

Table 3

Bias risk of included studies considering the factors described in Materials and Methods.

Study TR TFCR MUAMI APSP SzC BOTM RISCK

Abu Nawareg et al., 2016 Y Y Y N N N MEDIUM
Breschi et al., 2009 Y Y Y N N N MEDIUM
Breshi et al., 2010 Y Y Y N N N MEDIUM
Costa, 2013 Y Y Y N N N MEDIUM

Cova et al., 2011 Y Y Y N N N MEDIUM
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Daood et al., 2017 Y Y Y N N N MEDIUM
Delgado, 2015 Y Y Y N N N MEDIUM
Ekambaram et al., 2014 Y Y N Y N N MEDIUM
Erhardt, Osorio, and Toledano, 2008 N Y Y N N N HIGH
Francisconi-dos-Rios et al., 2015 N Y N N N N HIGH
Gerhardt et al., 2016 Y N Y N N N HIGH
Giacomini et al., 2017 N Y Y N N N HIGH
Gunaydin, Yazici, and Cehreli, 2016 Y Y Y N N N MEDIUM
Hass et al., 2016 Y Y N N N N HIGH
Hiraishi et al., 2009 Y Y Y N N N MEDIUM
Lee and Sabatini, 2017 Y Y Y N N N MEDIUM
Lenzi et al., 2014 Y Y N N N N HIGH
Linetal., 2013 N Y Y N N N HIGH
Liu etal., 2014 Y Y N N N N HIGH
Loguercio et al., 2016/1 N Y Y N N N HIGH

Loguercio et al., 2016/2 Y Y Y Y N N MEDIUM
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Loguercio et al., 2009

Luhrs et al., 2013

Manso et al. 2014

Mazzoni et al., 2013

Mazzoni et al., 2018
Montagner, 2013

Perote, 2016

Perote et al., 2015

Sabatini, Kim, and Alias, 2014
Sabatini, Ortiz, and Pashley, 2015
Sadek et al.,, 2010

Sanabe, 2009

Santiago et al., 2013

Scaffa, 2012

Scheffel et al., 2015

Soares et al., 2008

MEDIUM

HIGH

HIGH

MEDIUM

MEDIUM

MEDIUM

HIGH

MEDIUM

MEDIUM

MEDIUM

HIGH

MEDIUM

HIGH

HIGH

MEDIUM

HIGH
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Souza, 2015 Y Y Y N N N MEDIUM
Stanislawczuk et al., 2009 N Y N Y N N HIGH
Stape et al., 2012 Y Y N N N N HIGH
Stape et al., 2014 Y Y N N N N HIGH
Talungchit et al., 2014 Y Y N N N N HIGH
Tekce et al., 2016 N Y Y Y N N MEDIUM

Y (yes); N (no).

* TR, randomization of teeth; TFCR, caries-free teeth or restorations; MUAMI, materials used according to the manufacturer's instructions; APSP,
adhesive procedure performed by a single operator; SZC, calculation of sample size; BOTM blinding operator's test machine.
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Meta-analysis

The analysis was performed at three time-points: initial (at 24 h), at 6 months, and at
12 months or longer. The first meta-analysis for the initial time-point (inhibitors versus controls)
included 117 comparisons from 41 studies that grouped inhibitors of various concentrations
(Table 1) evaluating the initial bond strength. Concerning subgroup analysis, the results of
bond strength were higher for the test group only when chlorhexidine was used (p<0.05). For
the group that used proanthocyanidin solutions, bond strength values were lower when
compared to the control group; the other tested inhibitors presented bond strength values
similar to the control group. However, the overall analysis showed no significant difference
between groups, with p = 0.748 (95% confidence interval: 0.075-0.105 and fixed effect model,
1> = 64.72%) (Figure 2).
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Fig 2. Meta-analysis by subgroups (CHX, EDC, EGCG, GD, PA e RIBOFLAVIN vs. control),
using fixed effect model, initial time (up to 24 hours).
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The second meta-analysis for the 6-month time-point included 56 comparisons from 18
studies (Table 1). At 6 months, lower values of bond strength were found for groups using CHX
and EDC solutions when compared to the control group. The EGCG group presented similar
bond strength to the control group (Figure 2). Thus, the overall analysis showed significant
differences between the groups (p<0.05, 95% confidence interval: 0.487-0.785 and fixed effect
model, I> = 68.70%), with bond strength significantly higher for the control group (Figure 3).

Meta Analysis

uuuuuu

umber P

3 83%

Fig 3. Meta-analysis by subgroups (CHX, EDC and EGCG vs. control), using fixed effect model
and 6 months of aging.

The meta-analysis for the 12-month+ time-point included 41 comparisons from 20
studies. Inhibitors were used in various concentrations as shown in Table 1. Subgroup analysis
showed that all groups with inhibitors had lower bond strength values than the control group
(Figure 4). Therefore, the overall analysis showed a significant difference between the groups
(p <0.05), in which the control group presented higher bond strength results than the test
group (95% confidence interval: 0.541-2.651 and random effect model, I> = 82.162%).
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Fig 4. Meta-analysis by subgroups (CHX, EDC and RIBOFLAVIN vs. control), using random
effect model and 12 months of aging.

Another meta-analysis (Figure 5) was done to verify the effect of excluding studies with
a high risk of bias. For the baseline analysis, 59 comparisons from 22 studies were included.
Bond strength was higher for the test group compared to the control group only when
chlorhexidine was used. For the EDC group, the bond strength values were similar to the
control. The general analysis showed a significant difference between groups with p <0.05
(confidence interval -0.083-0.197, fixed-effect model and 12 = 50.45%), with values of bond
strength significantly higher for the test group. At 6 months, 31 comparisons from 8 studies
were included and showed lower bond strength values for the chlorhexidine and EDC groups
compared to the control group, with p <0.05 (confidence interval 0.802-1.190, fixed-effect
model and 12 =43.90%). At 12 months or more, 21 comparisons from 11 studies were included,
from which similar results to the 6-month analysis were found, with significantly lower bond
strength values for chlorhexidine and EDC solutions (confidence interval 0.635-2.325, random
effect model and > = 75.27%). The results found in the above meta-analyzes are similar to

those in which all studies were included.
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A meta-analysis (Figure 6) was also performed to compare the application modes of
the adhesive systems (etch-and-rinse and self-etching) used in the selected studies. Inhibitors
that had enough data to allow comparison (minimum of 2 different studies) for this analysis
were CHX and EGCG at baseline.
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Fig 6. Forest plots of application mode of adhesive systems (etch-and-rinse and self-etching).
CHX (A); EGCG (B).
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For CHX at the initial time-point (inhibitor versus control), the etch-and-rinse adhesive
systems presented higher bond strength values when compared to the control (p = 0.00). For
the self-etching mode, there was no significant difference when compared to the control group
(p = 0.338). The general analysis showed a difference between groups with p = 0.00
(confidence interval -0.366-0.127, fixed-effect model and I> heterogeneity = 54.73%), in which
the test group (CHX) had higher values when compared to the control group. For EGCG
analysis, EGCG showed no significant difference for both modes of application when
compared to the control (etch-and-rinse p = 0.259, self-conditioning p = 0.711). As for the
general analysis, there was no difference between the application modes (p = 0.720
confidence interval -0.772, -0.221, fixed-effect model and I2 = 0%).

Since chlorhexidine was the only inhibitor to present higher bond strength values when
compared to control, a more detailed analysis was performed (Figure 7) to verify which
concentrations would demonstrate significant values compared to the control group. In the
initial time-point, only the 2% concentration showed higher bond strength values than the
control group. The general analysis showed a significant difference between groups with p
<0.05 (95% confidence interval: 0.387, -0.146 and fixed effect model, I? = 50.22%), with bond
strength significantly higher for the test group.

At 6 months, the 0.002, 0.2, and 2% concentrations resulted in lower bond strength
values than the control group; the other groups had similar results among them. The general
analysis showed significant differences between the groups, p <0.05 (95% confidence interval:
0.509-0.860 and fixed effect model, 1> = 73.20%), with bond strength significantly higher for

the group control.

At 12 months or more, 0.2, 2.2, and 2% concentrations showed lower bond strength
values than the control group. The other groups showed no difference compared to the control
group. The general analysis showed no significant difference between the groups studied, with
p=0.063 (95% confidence interval: 0.049-1.906 and random effect model, I? = 82.25%).
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Meta Analysis

Fig 7. Forest plots CHX concentrations. CHX vs. initial control (A); CHX vs. control 6 months
(B); CHX vs. control for 12 months or more (C).

The qualitative analysis included 5 studies [32,78-81] and the results showed that the
use of MMP inhibitors does not affect initial bond strength values. However, the studies that
performed a long-term evaluation [32,78,79,81] showed that the bond strength values were

higher for the inhibitor-treated groups compared to untreated groups.

DISCUSSION

This systematic review showed that the use of MMP inhibitors to maintain the adhesion
valours between sound dentin and resin present different results at the initial time-point and
after aging. Several inhibitors have been studied to assess their effect on collagen degradation
and consequently increase the bond strength of the restorative material to the dental structure;
however, only chlorhexidine at the initial analysis presented higher values of bond strength
compared to control groups. Thus, the null hypothesis was partially rejected, since in the 6-

and 12-month meta-analyses test and control groups did not differ statistically.

This study performed individual and collective comparisons of the influence of MMP
inhibitors in bond strength through meta-analyses. Since randomized clinical studies on the
bond resistance of restorative materials to the dental structure are not possible, the available
evidence is mostly from in vitro studies, which might be a limiting factor of this investigation

that should be considered in the interpretation of its results [57].
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Although studies on the use of natural solutions [27,28] for inhibiting proteases and
strengthening collagen fibrils through more stable bonds have shown promising results [82],
this review showed that the use of proanthocyanidin negatively affects the initial bond strength.
Perhaps this happens because the effectiveness and stability of the crosslinking treatment
depend mainly on the type of PA rich extract and the adhesive system employed, since
acetone and ethane can cause dehydration of the dentin matrix, making it even more difficult
for the penetration of the adhesive. In addition the concentration and the time of application
are important for the performance of this inhibitor. [83, 84]. On the other hand, glutaraldehyde,
EGCG, EDC and riboflavin provide similar results to control groups. Moreover, after 6 months
of aging, CHX and EDC groups had lower bond strength than controls, and the EGCG group
was similar to the control group. After 12 months or more of aging all included inhibitors
presented worse results than the control group. These findings are in contrast to several other
studies [22-24,40,50,62,82] that show stable bond strength values in the long-term when

compared to groups not treated with inhibitors.

For years the most studied MMP inhibitors were CHX, EDC, EGCG and GD with great
expectation of success in promoting more stable adhesive interfaces. Currently, several data
can be found and the synthesis of these results does not show such promising results after
aging. This can be explained by the mechanism of action of these inhibitors, since CHX acts
by a mechanism of cation chelation, sequestering metal ions such as zinc and calcium thus
inhibiting the catalytic activity of MMPs [85]. Already EDC promotes biomodification of
collagen, this is due to the formation of intra and inter molecular ionic covalent bonds, but these
ionic bonds do not demonstrate stability after aging [86]. The inhibitory effect of EGCG has
also been attributed to zinc chelation, since polyphenols have high affinity for metal ions
[29,55]. Like most inhibitors, GD acts by chemical interaction with collagen to increase its
resistance, presenting as a disadvantage the difficulty of penetration into the tissue [87,88].
The main action of the MMP inhibitors occurs by chemical interaction and this does not act

permanently being this mechanism reversed.

Due to the great variation in inhibitor concentrations, the first analysis did not take into
account this parameter. Afterwards, an analysis to evaluate the effectiveness of each
concentration of CHX was performed, as CHX presented significant results (Figure 7). The
non-specific inhibitory effect of CHX solutions on MMPs has been extensively studied and its
action proven [6,7,23,24,34,35]. Some studies have demonstrated the inhibitory effect of CHX
at low concentrations, especially after specimen aging [40,62,89], which was not confirmed in
this systematic review, in which only the 2% concentration showed higher bond strength values
at the initial time-point compared to the control group. This might be explained by the leaching

of CHX through the interfaces, thus decreasing its inhibitory potential [2,7].
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MMPs are a Ca+ and Zn+ dependent enzyme family capable of degrading various
components of the extracellular organic matrix. These enzymes, synthesized and secreted by
odontoblasts [90] and activated during adhesive procedures [17], deteriorate the exposed
collagen fibrils at the base of the hybrid layer by both etch-and-rinse or self-etching adhesives
[17,91]. To decrease degradation, MMP inhibitors are used and a meta-analysis (Figure 6)
was developed to compare the effectiveness of these inhibitors. However, in this study, only
CHX, at initial evaluation, was effective when used with the etch-and-rinse mode, with no
difference to the control group when self-etching adhesives were used. The reason for this
result might be that the self-etching systems produce a more regular hybrid layer with smaller
area of exposed collagen fibrils when compared to etch-and-rinse systems [92,93]. In addition,
many self-etching systems have a chemical interaction with the dental substrate by the action
of functional monomers. These monomers may interfere with the action of CHX because, due
to the high pH, they form precipitates and because monomers and CHX, which can bind to

organic and inorganic components of the substrate, can both bind to calcium [56,94].

The results of the group treated with EGCG (Figure 6-B) showed no difference in the
mode of application when compared to the control group. This might have happened because
of the various concentrations used, since this parameter was not considered in this analysis.
As EGCG is a natural inhibitor that has not yet been thoroughly assessed, further studies
should be carried out at various concentrations. Moreover, in this analysis, the results were
grouped by the mode of application (etch-and-rinse and self-etching), and not by the number
of steps, which is a limitation of this analysis but may help plan future studies on adhesive

systems and their effectiveness.

Because a large number of studies presented a high risk of bias, an analysis including
only studies with a medium risk of bias was performed (Figure 5). The results did not differ
from the results with the overall analyzes (Figures 2, 3 and 4), indicating that studies with a

high risk of bias did not negatively interfere with the results.

To avoid a large methodological variability that could compromise the analysis of the
data, this systematic review included only studies that evaluated bond strength through
microtensile tests. However, some of the analyses presented high heterogeneity, probably due
to the studies being carried out by different teams and centers, with different aging protocols,
test machines, adhesive systems, and composite resins [40]. In this review, only in vitro studies
were considered. However, despite the association between laboratory and clinical data, other
factors, such as marginal adaptation and loss of retention [95,96], should also be analyzed to
evaluate the effectiveness of an adhesive system, for which further systematic reviews are

needed.
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The qualitative analysis showed no difference in the initial bond strength between tests
and controls, but after aging, the groups treated with MMP inhibitors showed higher values of
bond strength. These findings are in contrast to the results of the quantitative analysis. This
may have occurred because the inhibitors used are still poorly studied, in addition to the
different aging media and adhesive systems used. However, despite the importance of the
qualitative data, the greater number of papers included in the quantitative analysis guarantees

the production of stronger scientific evidence.

To test the effectiveness of using MMP inhibitors to increase the maintenance of
adhesive restorations, four randomized clinical studies with follow-up of up to 36 months [97-
100] have shown no difference between test and control groups using the FDI and USPHS
criteria. These clinical findings are in line with those found in the present meta-analysis. It is
worth emphasizing the importance of the analysis of the laboratory data of these meta-
analyzes together with data from clinical studies so that an evidence of greater reliability is

generated.

The inhibition of collagen degradation and consequent production of more stable and
long-lasting hybrid layers by applying MMP inhibitors was a landmark in Restorative Dentistry.
Early in vitro and in vivo studies showed that the use of CHX prior to the application of adhesive
systems promoted more stable adhesive restorations in the long term [6,7,21,22,23,101].
Based on such studies, several dental schools adopted clinical protocols that included the use
of MMP inhibitors as part of the adhesive step in resin restorations. Later studies with stronger
scientific evidence, however, showed that although the initial inhibitory effects were promising,
in the long term, the application of these inhibitors was not relevant to the longevity of
restoration [38,89-92]. Thus, the use of MMP inhibitors in clinical practice was gradually
abandoned, and the results of this systematic review corroborate this trend, since it did not

generate strong scientific evidence of the beneficial effect to long-term adhesive stability.

CONCLUSION

Among the various inhibitors studied CHX 2% presented higher bond strength values
than the control group in an initial analysis (up to 24 hours), but not after aging. On the other
hand, the PA negatively affected the initial values. None of the inhibitors resulted in increased
bond strength in the long term. Etch-and-rinse adhesive systems had better results than self-

etching systems when using CHX.
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The results of previous clinical studies combined to this systematic review with meta-

analysis of in vitro studies indicate that there is no evidence to support the use of

metalloproteinase inhibitors to increase bond strength between resin and dentin.
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3 DISCUSSION

This systematic review with meta-analysis made it possible to compare the
influence of inhibitors of metalloproteinase with the control group on bond strength for
microntensile tests from in vitro studies, either in the early or the aged stages. The
results showed that CHX presented superior bond strength results when compared to
the other inhibitors at the initial time. However, this result was not repeated in the other
studied times and any of the inhibitors proved to be effective after aging when
compared to groups without application of these inhibitors. Thus, the null hypothesis
was partially rejected, since in the 6- and 12-month meta-analyses test and control

groups did not differ statistically.

This study performed individual and collective comparisons of the influence of
MMP inhibitors in bond strength through meta-analyses. Since randomized clinical
studies on the bond resistance of restorative materials to the dental structure are not
possible, the available evidence is mostly from in vitro studies, which might be a limiting
factor of this investigation that should be considered in the interpretation of its results;
bond strength tends to be higher in vitro than clinically?°-3°.

For the initial results (up to 24 hours) CHX was the only inhibitor that showed
favorable results with higher bond strength than the control group (without inhibitors).
Although studies on the use of natural solutions?63! for inhibiting proteases and
strengthening collagen fibrils through more stable bonds have shown promising
results®, this review showed that the use of proanthocyanidin negatively affects the
initial bond strength. On the other hand, glutaraldehyde, EGCG, EDC and riboflavin
provide similar results to control groups. Moreover, after 6 months of aging, CHX and
EDC groups had lower bond strength than controls, and the EGCG group was similar
to the control group. After 12 months or more of aging all included inhibitors presented
worse results than the control group. These findings are in contrast to several other
studies®17:27:30-33 that show stable bond strength values in the long-term when

compared to groups not treated with inhibitors.

Due to the great variation in inhibitor concentrations, the first analysis did not
take into account this parameter. Afterwards, an analysis to evaluate the effectiveness
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of each concentration of CHX was performed, as CHX presented significant results.
The non-specific inhibitory effect of CHX solutions on MMPs has been extensively
studied and its action proven®1418233036  Some studies have demonstrated the
inhibitory effect of CHX at low concentrations'®29:3%.36 which was not confirmed in this
systematic review, in which only the 2% concentration showed higher bond strength
values at the initial time-point compared to the control group. This might be explained
by the leaching of CHX through the interfaces, thus decreasing its inhibitory

potential 823,

MMPs are a Ca* and Zn*-dependent enzyme family capable of degrading
various components of the extracellular organic matrix. These enzymes, synthesized
and secreted by odontoblasts®” and activated during adhesive procedures®,
deteriorate the exposed collagen fibrils at the base of the hybrid layer by both etch-
and-rinse or self-etching adhesives3®4°. To decrease degradation, MMP inhibitors are
used and a meta-analysis was developed to compare the effectiveness of these
inhibitors. However, in this study, only CHX, at initial evaluation, was effective when
used with the etch-and-rinse mode, with no difference to the control group when self-
etching adhesives were used. The reason for this result might be that the self-etching
systems produce a more regular hybrid layer with smaller area of exposed collagen
fibrils when compared to etch-and-rinse systems*'#2, In addition, many self-etching
systems have a chemical interaction with the dental substrate by the action of
functional monomers. These monomers may interfere with the action of CHX because,
due to the high pH, they form precipitates and because monomers and CHX, which
can bind to organic and inorganic components of the substrate, can both bind to

calcium?344,

The results of the group treated with EGCG showed no difference in the mode
of application when compared to the control group. This might have happened because
of the various concentrations used, since this parameter was not considered in this
analysis. As EGCG is a natural inhibitor that has not yet been thoroughly assessed,
further studies should be carried out at various concentrations. Moreover, in this
analysis, the results were grouped by the mode of application (etch-and-rinse and self-
etching), and not by the number of steps, which is a limitation of this analysis but may

help plan future studies on adhesive systems and their effectiveness.
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To verify the influence of studies with high risk of bias in the final results of a meta-
analysis, a new analysis excluding high-risk studies was developed. With this, it was
observed that the results did not differ from the initial analysis, and it can be concluded
that studies with high risk of bias did not negatively interfere in the results of this review.
This factor should be taken into account since systematic reviews should be
comprehensive enough to avoid bias.

To avoid a large methodological variability that could compromise the analysis of the
data, this systematic review included only studies that evaluated bond strength through
microtensile tests. However, some of the analyses presented high heterogeneity,
probably due to the studies being carried out by different teams and centers, with
different aging protocols, test machines, adhesive systems, and composite resins®. In
this review only in vitro studies of bond strength were considered, but several factors
influence this type of test, such as type of substrate used, adhesive system, type of
surface preparation, tooth type, aging protocol and several other factors*.

An association between in vitro studies and randomized clinical trials provides
a better understanding of these inhibitors. As well as clinical studies with follow-up of
up to 36 months?*6-°, this review showed no difference in the use of these inhibitors to
promote more stable adhesive interfaces after aging.
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4 FINAL CONSIDERATIONS

The use of CHX improves the initial bond strength, but this result was not found
in the other evaluated period. None MMP inhibitor solution influenced bond strength
values after 6-months aging in in vitro studies. In relation to the adhesive systems only
etch-and-rinse systems have benefited from the use of CHX.

In conclusion, the use of MMP inhibitors did not promote more stable adhesive
bonds after aging as compared to groups without the use of these solutions.
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Details on Search Methods to Identify Studies (searched on 28/01/2018)

Strategy

MEDLINE via PubMed

(((dentin*[tw] OR adhesi*[tw] OR ("dentin-bonding agents"[MeSH Terms] OR "dental
bonding"[MeSH Terms] OR bond*[tw]))) AND ((((matrix[tw] OR inhibit*[tw]))) AND
(metalloproteinase* OR "metallo proteinase" OR "metallo proteinases" OR metaloproteinase*
OR metalloprotease* OR "metallo protease" OR "metallo proteases" OR metaloprotease* OR
mmp[tw] OR mmps[tw] OR protease*[tw] OR proteinase*[tw]))) AND ((stability[tw] OR
durability[tw] OR long term[tw] OR storage*[tw] OR time factor*[tw] OR aging[tw] OR
longevity[tw]))

Web Of Science

Topic: (((dentin®* OR adhesi* OR “dentin bonding agent” OR “dentin bonding agents” OR
“dental bonding” OR bond*) AND (matrix OR inhibit*) AND (metalloproteinase* OR "metallo
proteinase”" OR "metallo proteinases” OR metaloproteinase* OR metalloprotease* OR
"metallo protease"” OR "metallo proteases" OR metaloprotease* OR mmp OR mmps OR
protease* OR proteinase*) AND (stability OR durability OR “long term” OR storage* OR “time
factor” OR “time factors” OR aging OR longevity)))

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI

Scielo

(dentin* OR (adhesi* OR adesi*) OR (“dentin bonding agent”) OR (“dentin bonding agents”)
OR (“adesivo dentinario”) OR (“adesivos dentinarios”) OR (“recubrimiento dentinario”) OR
(“recubrimientos dentinarios”) OR “dental bonding” OR (“colagem dentaria”) OR
(“recubrimiento dental adhesivo”) OR bond* OR adesao) AND (matrix OR matriz OR inhibit*
OR inibidor* OR inhibidor*) AND ("metallo protease" OR "metallo proteases" OR "metallo
proteinase" OR "metallo proteinases”" OR “metalo proteasa” OR “metalo proteasas” OR
“‘metalo protease” OR “metalo proteases” OR “metalo proteinasa” OR “metalo proteinasas”
OR “metalo proteinase” OR “metalo proteinases” OR metalloprotease* OR metalloproteinase*
OR metalloproteinase* OR metaloproteasa® metaloprotease* OR metaloproteinasa* OR
metaloproteinase* OR mmp OR mmps OR protease* OR proteasa* OR proteinase* OR
proteinasa*) AND (stability OR estabilidad* OR durability OR durabilidad* OR “long term” OR
“longo prazo” OR ‘“largo plazo” OR storage* OR armazena* OR almacena* OR (time factor*)
OR (fator tempo) OR (fatores tempo) OR (factor tiempo) OR (factores tiempo) OR aging OR
envelhec* OR envejec* OR longevity OR longevidad*)
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Lilacs

(tw:(dentin$ OR adhesi$ OR adesi$ OR "dentin bonding agent" OR “dentin bonding agents”))
OR (mh:(“dentin-bonding agents”)) OR (mh:("dental bonding")) OR (tw:(“adesivo dentinario”
OR “adesivos dentinarios” OR “recubrimiento dentinario” OR “recubrimientos dentinarios” OR
“dental bonding” OR “colagem dentaria” OR “recubrimiento dental adhesivo”)) OR tw:(bond$
OR adesao) AND (tw:(matrix OR matriz OR inhibit} OR inibidor$ OR inhibidor$)) AND
tw:(("metallo protease”" OR "metallo proteases” OR "metallo proteinase” OR "metallo
proteinases" OR “metalo proteasa” OR “metalo proteasas” OR “metalo protease” OR “metalo
proteases” OR “metalo proteinasa” OR “metalo proteinasas” OR “metalo proteinase” OR
“metalo proteinases” OR metalloprotease$ OR metalloproteinase$ OR metalloproteinase$ OR
metaloproteasa$ metaloprotease$ OR metaloproteinasa$ OR metaloproteinase$ OR mmp
OR mmps OR protease$ OR proteasa$ OR proteinase$ OR proteinasa$)) AND (tw:(stability
OR estabilidad$ OR durability OR durabilidad$ OR “long term” OR “longo prazo” OR “largo
plazo” OR storage$ OR armazena$ OR almacena$ OR (time factor$) OR (fator tempo) OR
(fatores tempo) OR (factor tiempo) OR (factores tiempo))) OR (tw:(aging OR envelhec$ OR
envejec$ OR longevity OR longevidad$))

Cochrane

#1 (dentin*):ti,ab,kw

#2 (adhesi*):ti,ab,kw

#3 MeSH descriptor: [Dentin-Bonding Agents] explode all trees
#4 MeSH descriptor: [Dental Bonding] explode all trees
#5 (bond*):ti,ab,kw

#6 matrix:ti,ab,kw

#7 (inhibit*):ti,ab,kw

#8 metalloproteinase*

#9 metallo proteinase

#10 metallo proteinases

#11  metaloproteinase*

#12  metalloprotease*

#13  metallo protease

#14  metallo proteases

#15 metaloprotease*

#16  mmp:ti,ab,kw
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#17  mmps:ti,ab,kw

#18  (protease™):ti,ab,kw
#19  (proteinase™):ti,ab,kw
#20  stability:ti,ab,kw

#21  durability:ti,ab,kw
#22  long term:ti,ab,kw
#23  (storage*):ti,ab,kw
#24  (time factor®):ti,ab,kw
#25  aging:ti,ab,kw

#26  longevity:ti,ab,kw
#27  {or #1-#5}

#28  #6 or #7

#29  {or #8-#19}

#30  {or #20-#26}

#31  {and #27-#30}

Embase

(dentin*:ab,tide OR adhesi*:ab,tide OR 'dentin bonding agent/exp OR 'dental
bonding'/exp OR bond*:ab,tide) AND (matrix:ab,tide OR inhibit*:ab,tide) AND
(metalloproteinase* OR 'metallo proteinase' OR 'metallo proteinases' OR metaloproteinase*
OR metalloprotease* OR 'metallo protease’ OR 'metallo proteases' OR metaloprotease* OR
mmp:ab,tide OR mmps:ab,tide OR protease*:ab,tide OR proteinase*:ab,tide) AND
(stability:ab,ti,de OR durability:ab,ti,de OR 'long term"ab,ti,de OR storage*:ab,ti,de OR 'time
factor*':ab,ti,de OR aging:ab,ti,de OR longevity:ab,ti,de) [embase]/lim NOT [medline]/lim

Scopus

( TITLE-ABS-KEY ( ( dentin®* OR adhesi* OR "dentin bonding agent" OR "dentin bonding
agents" OR "dental bonding" OR bond*)) AND TITLE-ABS-KEY ( ( matrix OR inhibit* )
) AND TITLE-ABS-KEY ( ( metalloproteinase* OR "metallo proteinase” OR "metallo
proteinases” OR metaloproteinase* OR metalloprotease* OR "metallo protease” OR
"metallo proteases” OR metaloprotease* OR mmp OR mmps OR protease* OR
proteinase*)) AND TITLE-ABS-KEY ( ( stability OR durability OR "long term" OR storage*
OR "time factor" OR "time factors" OR aging OR longevity ) ) )
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