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Souza MY. Utilizacdo da técnica da dentina Umida por etanol na adeséao
dentinaria:influénciain vitro da smearlayer, avaliagaoclinica com diferentes
protocolosadesivose revisao sistematicajtese]. Sdo Josédos Campos(SP):
Universidade Estadual Paulista (Unesp), Instituto de Ciéncia e Tecnologia;
2019.

RESUMO

Este estudo foi composto por um estudo in vitro, um estudo clinico
randomizadogcontroladoe duplo cegoe umarevisaosistematicacom objetivo
decompreendee avaliara aplicabilidadedatécnicadadentinaimidapor etanol
(EWBT) em procedimentosrestauradoresEstudo laboratorial: 48 incisivos
bovinosforamdivididosem 2 grupos,coma utilizacdoou naode etanolanteror
ao sistema adesivo universal (Single Bond Universal) no modo
autocondicionanteEm seguidablocos de resina composta(Filtek Z350 xt)
foram confeccionados.A interface adesiva foi analisada, antes e apos
envelhecimentgor 6 mesesem agua,com relacdoa nanodureza maédulode
elasticidadee em microscopiaeletronicade varredura(MEV) aposa realizacéo
de nanoinfiltracdocom nitrato de prata.Os dadosde nanodureza modulo de
elasticidadeforam analisadosestatisticamenteom ANOVA e testede Tukey
( B%). Houvediferencaestatisticgparaasareasavaliadagp<0.001)e também
paraa aplicacdodo etanol(p<0.001).A dentinaapresentowaloresmaioresde
nanodurezaguando comparadocom a camadahibrida. EWBT foi capazde
manter as propriedadesda interface adesiva mesmo apés envelhecimento.
Estudo clinico randomizado: Os voluntarios receberam restauracéesem
cavidadedo tipo classeV, provenientesle lesdescervicaisndo cariosascom
extensace profundidadede no minimo 1 mm. As restauracbeforamrealizadas
aleatoriamenteaje acordocomadivisdodosgrupos,sendoo grupocontrolesem
prétratamentalentinario(SE) e trésgruposcoma intervencaosendoassociado
comadesivode 3 passogE); hidréfobo(EB) ou comadesivode 2 passogEU).
As restauracoeforam avaliadas por examinadoreslevidamentecalibradosno
inicio do estudo,apds 7 dias, 6 e 18 meses,utilizando o critério USPHS
modificado. Os dadosforam analisadoscom testeschi-quadradoe Kaplan
Meier. O grupo com adesivohidréfobo apresentoumaior taxa de falha para
retencaayuandocomparadaosdemaisgrupostantoem6 quantoem 18 meses.
RevisaosistematicaForampesquisadaasprincipaisbasesde dadoseletrénicas
com a estratégiade buscadefinida de acordocom a perguntade pesquisae
estatégiaPICO, sendoP: dentescomlesdescervicaisnaocariosas): protocolo
adesivoutilizando EWBT; C: protocoloadesivoconvencional Apds analisedo
titulo e resumodos artigos pré-selecionadosseguindoa questaoPICO, 19



artigoslaboratoriaise 3 esudosclinicosrelacionadoso temativeramos dados
extraidos O risco de viés dosartigosselecionado$oi estimadosendoquepara
a maioria dos estudoslaboratoriaise clinicos foi consideraddaixo. Paraos
estudoslaboratoriaishouve diferenca,sendoque o grupo controle apresentou
melhoresresultadosquando comparadoa EWBT. Com relacdo aos estudos
clinicosndohouvediferencaentreos gruposcontrolee EWBT.

Palavraschave:Adesivosdentinarios Dentina.Ensaioclinico. Etanol. Revisao
sistematica.



SouzavlY. Useof etanolwetbondingtechniquan dentinadhesion:smearlayer
in vitro influence clinical trial with differentadhesivegrotocolsand systematic
review [doctorate thesis]. Sdo José dos Campos (SP): Séo Paulo State
University(Unesp),Instituteof Scienceand Technology2019.

ABSTRACT

This study was composedoy an in vitro study,a randomized,controlled and
doubleblind clinical trial, and a systematiaeview, aiming to understandand
evaluate the applicability of ethanolwetbonding technique (EWBT) in
restorativeproceduresLaboratorystudy:48 bovineincisorsweredividedinto 2
groups,accordingto EWBTuseprior to the universaladhesivesystem(Single
Bond Universal) in the selfetch mode.Blocksof compaite resin (Filtek Z350
xt) were made.The adhesivanterfacewasanalyzedon baselineand 6 months
of water aging, by scanningelectronmicroscopy(SEM) after nanoleakagevith
silver nitrate, besidesthe nanohardnessand elastic modulus. The data of
nandhardnessand elasticmoduluswere statisticallyanalyzedwith ANOVAand
Tukeytest( U = 5 Phgrewasa statistically significantdifferencefor the areas
evaluatedn which dentin presentechigher values,for nanohardnesshanthe
hybrid layer (p<0.001)andfor the useof ethanol(p<0.001). Theuseof ethanol
was able to maintain the properties of the adhesivelayer evenafter aging.
Randomizedclinical trial: The volunteersreceived restorationsin class V
cavities from non-carious cervical lesions(NCCL), with cavity extensionand
depthof at leastl mm.Therestorationswererandomlyperformedaccordingto
group division: no ethanol dentin pretreatment (SE), with ethanol dentin
pretreatmentin associationwith 3-step (E) or 2-step (EU) or adhesive,or
hydrophobic adhesive(EB). The restorations were evaluatedby calibrated
examinersat baseline after 7 days,6 and 18 monthsusingthe modifiedUSPHS
criteria. All data were statistically analyzedat Chi square and survival test
( U= 5 Whe hydrophobicadhesive group presentedhigher failure rate for
retentionwhencomparedto the other groups,both at 6 and 18 monthsfollow-
up. Systematiceview: Main electronicdatabasesvere usedfor searchandthe
strategywas definedaccordingto the researchquestionand PICO strategy,
whereP: teethwith NCCL; I: adhesiveprotocol usingEWBT; C: conventional
adhesiveprotocol; O: long-term clinical outcomeafter EWBT. After analyzing
the title and abstractof the pre-selectedarticles, following the PICO question,
19 laboratory studiesand 3 clinical trials related to EWBT. The data from
selectedstudieswere extractedand then, the risk of bias was estimated.For
laboratory studiesit wasconsiderechigh and for clinical trials wasconsidered
low risk of bias. After statistical analysis,for laboratory studiesthe control



group presentedetterresultswhencomparedo EWBT.Regardingthe clinical
studiestherewasno differencebetweercontroland EWBTgroups.

Keywords:Clinical trial. Dentin.Dentin-bondingagents.Ethanol.Review.
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1 INTRODUCAO

Com a constanteevolucdo das pesquisasem relagao aos sistemas
adesivose a estrutura dentaria, € possivel o aprimoramentode técnicas
restauradorasom o objetivo de preservam estruturadentariasadia(Tasseryet
al.,2013),alémdo aumentadasobrevidadarestauracao.

LesOes cervicais ndo cariosas (LCNCs) caracterizanse pela perda
irreversivelde tecidodentario,sendogue podemapresentadiferentesormatos,
extensfe® profundidadesEssadesdessdocomumenteobservadasa pratica
clinica e sao provenientesda erosao, abrasdoe/ou abfracdo dos dentes.
Inicialmente localizase no esmalte com lenta progressdona dentina, que
gradualmenteesultaem esclerosalentinaria,devido a estimuloscrénicose de
baixa intensidade(Levitch et al., 1994; Tay et a., 2004, Eliguzeloglu et al.,
2011; Shettyet al., 2013; Borgeset al., 2014). O tratamentorestauradomas
LCNCs faz-se necessarimao so paraaliviar a hipersensibilidademastambém
paralimitar a continuidadede perdade estruturadentale melhorara estética
(Levitchetal.,1994).No entantoalongevidadedo tratamentaestauradonesse
tipo de cavidade apresentalto indice de falha, como a perdada restauracéo,
caries secundarias e/ou descoloracdo marginal (Bartlett, Shah, 2006;
Eliguzelogluetal., 2011;Borgesetal., 2014).A perdadarestauracapodeestar
diretamentdigadaa formanéoretentivada cavidadee localizacdodasmargens
emdentinae cementoasquaissadoareasdesfavoraveiparaa adesaqHeymann
et al., 1988; Tay et al., 2004; Eliguzelogluet al., 2008). Por estemotivo, as
LCNCsrepresentana condicdoideal parase avaliar clinicamentea efetividade
de sistemasadesivosOutrosfatorescomo,geometriada cavidade presencale
dentina esclerosadacontracdode polimerizacaoe fator-C, também podem

influenciarnalongevidadedasrestauracoegEliguzelogluetal., 2011; Borgeset
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al.,2014).

Em relacdoaos adesivos,0s primeiros sistemasformuladospossuiam
caracteristicahidréfobas dessadormadificultandoa interacdodo materid com
0 substratodentinario. Esta dificuldade acontecia,pois o tecido dentinario é
intrinsecamenté@mido, alémde sercompostgoor maior quantidadale contetdo
organico como, fluido dentinério, prolongamentodos odontoblastose fibras
colagenasguandocomparadoao esmaltedental. Ao longo do tempo, foram
desenvolvidossistemasadesivoscom componentescomo o HEMA, o qual
fornece caracteristicamais hidrofila, permitindo uma unido facilitada ao
substratalentinario(Pashleyetal., 2011;Van Meerbeeletal.,2011).

Além das caracteristicamerentesaos sistemasadesivostambémha o
objetivode simplificar atécnicaderestauracdediretas.Paraisso,foi propostoo
uso dos sistemasadesivosautocondicionantegjue eliminam a necessidadeo
condicionameto &cido total prévio. Essetipo de material, devido ao menor
namero de passosclinicos e facilidade de aplicacdo,teve um aumentona
popularidadede seu uso (Van Meerbeeket al., 2011; Ahn et al., 2015). O
mecanismode acdodessesadesivosse da pela desnineralizacéoe infiltracéo
dos mondémerossimultaneamentano substrato.Isto resulta, de acordo com
algunsestudos,em menor ou nenhumasensibilidadeposoperatoéria,além de
formar uma camadahibrida mais homogéneaEsta caracteristicada camada
hibridainfluencianalongevidadedarestauracdajmavez queo risco de falhas
napenetracae@ baixoou inexistentg(Cardoscet al., 2008;Van Meerbeeket al.,
2011;Ahnetal.,2015).

Acreditase que paraos sistemasadesivosconvencionaisindependente
do modo de aplicacdo,paraque haja uma unido estavelentre o materiale o
substratodentinario, € necessariqque a dentinapermanecaimida, a fim de
permitir a penetracaalossistemasdesivoentreasfibrascolagenaspriginando

a camadahibrida e consequentementgnido (Spenceret al., 2012). Por outro
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lado, sistemasadesivosestdao em constanteevolucdo e recentementeséo
representadogelos sistemasadesivosuniversais,os quais séo considerados
adaptaveisumavez que,com baseem estudosclinicos e laboratorias, devido
ao maior grau de hidrofilia dos adesivosuniversais,séo capazede reidratar
fibras colagenaspossibilitandosua aplicagcdosobre substratodentinario seco
(Perdigacet al., 2014b;Lenzi et al., 2016; Tsujimotoet al., 2018).Além disso,
0s sisemas adesivosuniversaispodem ser utilizados apds condicionamento
acido do substratoou no modo autocondicionante Entretanto, devido a
diferencade composicacentreas estruturasio esmaltee dentina,harespostas
distintas em relagdoao condicionamentdacido, necessarigpara obtencaoda
adesaode materiais. No esmalte esta adesaoé facilitada devido a maior
quantidadede matériainorganica,os cristaisde hidroxiapatita,que permitema
formacaodetagsresinososEnquantauenadentina,devidoa maiorquantidade
de matériaorganicaa adesdoé mais complexa(Perdigédo,Loguércio,2014a).
Devido a essagaracteristicagstudoggue testama unido de sistemasadesivos
saorealizadosno substratadentinario,umavez que estaunidoaindaé o maior
desafionaodontologiarestauradora.

A fim de minimizar o processade degradacaaue a interfaceadesiva
sofre ao longo do tempo, principalmentedo colagenodentinarioe melhorara
penetracdo dos mondmeros hidrofébicos dos sistemas adesivos, alguns
procedimentogpodemser realizados,como por exemplo,o prétratamentoda
superficiedentinariacometanol(EWBT) (Tjaderhane2015).

O etanoltem maior capacidadesolventee menorcapacidadele ligacao
de hidrogéniodo quea agua,sendoutilizado paradesidratacaouimicada rede
de colagenodesmineralizadaA finalidade da EWBT é criar uma matriz de
colagenaelativamentehidréfoba,atravésda diminuicdoda quantidadede agua
do substrato,permitindo que haja infiltracdo dos monémerosresinosose

consequentement®rmacédoda camadahibrida e dificultando a hidrélise da
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interface adesiva.No entanto,a técnicado etanol é sensiveluma vez que o
etanolapresentalta volatilidade.Adicionalmente devido a umidadeintrinseca
dadentina,dadapelapresencale fluido dentinariono interior dostubulose por
ligacbesestaveisentrefibras colagenase moléculasde agua,néo é possivela
completasubstituicdoda agua neste substrato(Pashleyet al., 2011). Dessa
forma, mesmoapdso prétratamentocom etanola dentinaapresentaéiguaem
suaconstituicaofato quedificulta a unidocom adesivoshidrofobos(Nagpalet
al., 2015;Tjaderhane2015).

Nestatécnica (EWBT), ha formacdode uma camadahibrida, menos
hidrofila e mais resistentea degradacaohidrolitica causadapor enzimas
enddgeas como as metaloproteinase@MPs), proporcionandgossivelmente
maior longevidade devido a uma protecéoeficaz do colageno(Breschiet al.,
2008).Apesarde a EWBT apresentaresultadoslinicos adequadosjuandoda
utilizacdode adesivoshidrofobos(Araudjo etal., 2013),aindandohaestudogjue
avaliaramclinicamentea utilizacdoda EWBT com sistemasadesivoshidrofilos,
guestionamentsuportadgoelandoremocéaocompletade aguada dentinaapos
aplicacao do etanol, como relatado anteriormente.Com base nos temas
abordadospotasequeaindahaumadificuldadeemrelacéoa obtencaalauniao
dos sistemasadesivoscom o tecido dentinario,o que afetaa longevidadedas
restauracfesPortantoé necessari@valiara possibilidadedo prétratamentalo
substrab dentinarioparaa obtencéode resultadosie excelénciano tratamento
restauradoruma vez que ha poucosestudosclinicos avaliandoa eficaciada
EWBT.

Além disso,os trabalhosque utilizaram EWBT in vitro e que de certa
formarelatammelhoraem longo prazo da forca adesiva,se apoiamna melhor
impregnacaados sistemasadesivosem dentinando recobertapor smearlayer
(Nishitani et al., 2006; Hosakaet al., 2009; Kim et al., 2010; Liu etal., 2011;

Scheffelet al., 2015). Foi observadogue 0 mesmoprotocob em técnicasde
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adesdcem que a smearlayer ndo € removida,estassituacéesaobeneficiadas
pelaEWBT (Souzaet al., 2018).Frentea estegesultado® necessari@ntender
sehainteracamaimpregnacaaosadesivosiniversaignesmocomsmearlayer
em posicéo e quais as alteragcoeqqualitativase quantitativasque ocorremna
interfaceadesivagapdseEWBT.

Por fim, a revisdo sistematicatera como finalidade melhorar a
compreensaalo efeito do etanol 100% no tecido dentinarioe de manteros
pesquisadoreatudizadosem relacdoaostrabalhosde adesdoumavez que se
tratadaferramentade maior validadecientificadentroda piramidede evidéncia
cientifica.

Desta maneira, realizandese os trés diferentes estudos, esperase
compreendem eficaciada EWBT apdso empregode diferentesprotocolos
adesivosalémdo entendimentajuandoaplicadaem substratocontendosmear

layer.
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2 ARTIGO(S)

2.1 Artigo 1T Souza MY, Andrade JL, Bresciani E. Avaliacdo da

nanodureza, médulo de elasticidadee nanoinfiltracdo da interface adesiva
apos a técnica da dentina imida por etanol / Assessmenbdf nhanohardness,
elasticmodulus,and nanoleakageof the adhesiveanterface using the ethanol

wetbondingtechnique

RESUMO

Esteestudoavaliouo efeito datécnicada dentinaiimidapor etanol(EWBT) na
infiltrac@o de sistemaadesivo,por meio de nanodurezamddulo de elasticidade
e nanoinfiltracdo e suaestabilidadeapds6 meses.Quarentancisivos bovinos
apresentandemearlayer padronizaddoram divididos em 2 grupos,de acordo
com a EWBT antesdo sistemaadesivouniversalno modo autocondicionante
(Single Bond Universal- 3M ESPE).Blocos de resinaforam construidosna
swperficie tratada(Filtek Z350xt - 3M ESPE).Metade dos espécimegn=20)
foramavaliadosno inicio e a outraap0s6 mesesle armazenamentemagua(n
= 20). Osespécime$oramseccionadosmfatiasde 2 mm de espessura a area
adesivaresinacompostacamadahibridae dentina)foi analisadaelostestesde
nanodureza& modulode elasticidadeAlém disso,fatiasdo mesmodenteforam
analisadagjualitativamenteem MEV apdosnanoinfiltracéopor nitrato de prata.
Os dadosobtidosforam analisadogor meio do testeANOVA de dois fatores,
testede MannWhitney e testede Tukey ( U = 5Panananodureza mddulode
elasticidadehouvediferencaparaas areasavaliadagp<0,001),umavez quea
dentinaapresentowalores maioresquandocomparadaa camadahibrida. Os
grupos EWBT apresentaranmaiores valores de nanodurezaem todos 0s
periodosavaliadogp<0,001).Houvediferencaestatisticgparao envelhecimento
(p<0,001),comvaloresmaioresparaa avaliacadnicial. A resinandofoi afetada
pelas variaveis estudadagp>0,05). Para nanoinfiltracdo,os grupos EWBT
apresentaramvalores médios mais baixos, especialmenteapds 6 meses,
indicandomaior capacidadale selamentaao longo do tempo.A utilizagcdoda
EWBT levouavaloresmaisaltosde nanodurez& maior capacidadele vedacao
dainterfaceadesivaao usaradesivouniversalno modo autocondicionantapos
6 meseglearmazenamentde agua.

Palavraschave: Etanol. Dentina. Sistemas adesivos. Adesivos
autocondicionante€amadahibrida.

*Artigo elaboradode acordocom as normasdo Periddico International Journal of Adhesionand Adhesives
(Print versionISSN01437496. Submetidoem: 03/06/2019
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ABSTRACT

This study evaluatedthe effect of ethanotwetbondingtechnique(EWBT) on
dentin adhesiveinfiltration, by meansof nanohardnesseglastic modulusand
nanoleakageand its stability after 6-month. Forty bovineincisors presenting
standardizedsmearlayer weredividedinto 2 groups,accordingto EWBT prior
to the universaladhesivesysemin the seltetchmode(SingleBondUniversali
3M ESPE).Resinblockswerebuilt onto the treatedsurface(Filtek Z350xt- 3M
ESPE).Half of specimendn=20) were evaluatedat baselineand the other
(n=20) after 6-monthin water storage.Specimensvere sectionedinto 2-mm
thick slicesand the adhesivearea (compositeresin, hybrid layer, and dentin)
wasanalyzedby nanohardnessnd elasticmodulus.Also, slicesfrom the same
tooth were qualitatively analyzedby SEM after nanoleakageby silver nitrate.
The data obtainedwere analyzedusing two-way ANOVA, MannWhitney,and
Tuk etgsd s U= 5 %r .nanohardnessand elastic modulus, there was
differencefor evaluatedareas (p<0.001),oncedentin presentechigher values
when compared to hybrid layer. The EWBT groups presented greater
nanohardneswvaluesat all evaluatedperiods(p<0.001). Therewas statistical
differencefor aging (p<0.001),with greatervaluesfor baseline.Resinwasnot
affectedby the studied variables (p>0.05). For nanoleakage EWBT groups
presentedoverall lower median values, especially at the 6-month recall,
indicating greater sealing ability over time. EWBT application led to higher
valuesof nanohardness&nd higher sealing capacity of the adhesiveinterface
whenusingmultimodeseltetd adhesivafter 6-monthwater storage.

Keywords:EthanolDentin. SelfetchadhesiveAdhesivesystemHybrid layer.
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1. Introduction

The ethanotwetbondingtechnique(EWBT)was proposedto minimize
the degradationprocessthat the adhesiveanterfaceundergoesver time andto
overcomethe incomplete penetration of hydrophobic monomers.[1-3] Two
EWBT approaches were described in the literature. The progressive
substitution, in  which ethanol saturation is obtained using increasing
concentrationsof ethanol,[4,5] and the simplified protocol with a single step
throughtheactiveapplicationof 100%ethanolfor 1 min.[6]

TheEWBTcreatesa relatively hydrophobiccollagenmatrix by reducing
the amountof water, retarding the adhesiventerfacehydrolysis,and it allows
improved hydrophobic monomersinfiltration to consequentlyform a more
stablehybrid layer. [5,7] Thehybrid layer formedis lesshydrophilicand more
resistantto hydrolytic degradation causedby endogenousnzymessuch as
metalloproteinasesMMPSs), providing greater longevity due to an effective
collagenprotection.[8]

Although the techniqueis intended to displace water, there is no
completereplacementof water by ethanoldue to a stable bond betweenthe
collagenfibrils and water. [9] This fact might compromisea stable adhesion
betweerdentinsubstrateand hydrophobicadhesives1,3] Theremainingwater
after ethanol application might interfere with the adhesive proceduresif
hydrophobic adhesiveis applied, supporting the application of hydrophilic
systems[10] Basedon that fact, sinceonly the excesf wateris removed][9]
an alternativeto increasethe interaction betweendentin substrateafter EWBT
and adhesivesmay be the application of an universal adhesivethat is
hydrophilic.[11]

Theassociationbetweeruniversaladhesiveand EWBThasbeentested
in laboratory, [12] mainly due to the increased popularity of universal
adhesive$13] andthe possibilityof beingappliedon dentinunderthe selfetch
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mode. This association resulted in higher microtensile values even after
thermomechanicalging, in a recentin vitro study.[12] The results of this
recentin vitro study suggestthat there were stable bonds after EWBT and
hydrophilic seltetchingadhesivesevenin the presenceof the smearlayer.[12]
Thereis howevemo studythat evaluatedhe interactionbetweereWBTandthe
presenceof smearlayer on the formationof a proper hybrid layer, considering
the potentialinfiltration of monomers.

Thusthe aim of this in vitro studywasto determinethe influence of
EWBTin theimpregnationof selfetchadhesivdo dentin,with or withoutaging,
by meansof nanohardnesslasticmodulusand nanoleakageests.Thefirst null
hypothesisvasthat therewasno differencebetweerthe areasevalwuated(hybrid
layer, and dentin). The secondnull hypothesisvasthat EWBTwasnot able to
change the characteristicsof the adhesiveinterface such as nanoleakage,
nanohardnessnd elastic modulus.The third null hypothesisvasthe assessed
propertiesare not influencedby the aging. The fourth null hypothesiss that

ethanolandagingdo notinfluencethe nanoleakageesults.

2. Material and Methods

2.2 Specimengreparation

Forty bovine incisors were used and had the root cut close to the
cementurenameljunction. The buccal surface was groundedusing 600-grit
sandpaper(SiC, FepaP), resulting in a minimumdentin area of 6 x 5 mm.
Specimenvasembeddedh selfcuring acrylic resin (JetClassic,S&oPaulo, SP,
Brazil) with the dentinsurfacefacing out. Smearayer was standardizedusing
an automatedolishingdevice(Autopol,Panambra SaoPaulo, SP,Brazil) with
1200, 2400 and 4000qgrit sandpaper(SiC FepaP), under constant water
irrigation at 300rpm for 30 s for eachgrit.

Specimenswere randomly divided into two groups (n=20 each)
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accordingto the pretreatmenbr not with 100%ethanol.Previouslyto adhesive
systemapplicationon seltetchmode(SingleBondUniversali 3M Deutschland
GmbH, Neuss,Germany),the group that receivedEWBT, 100% ethanolwas
activelyappliedwith a microbrushon dentinsurfacewith a microbrushfor 60 s,
[1,12] followed by a light air-blasting to remove excessfrom the surface,
keepingthe dentin moist. For both groups,the application of adhesivesystem
was active for 20 s, in accordanceto the manufacturer'sspecifications.The
adhesivesystemwas lightcured for 20 s with a LED device(Radi+Cal i SDI,
Victoria, Australia), with irradiance at 900 mW/cmz2.The universal adhesive
componentsused on this study are: bisphenolA-glycidyl methacrylate(Bis-
GMA), 2-hydroxyethyl methacrylate (HEMA), 10-methacryloyloxydecyl
dihydrogen phosphate (MDP), decamethylene dimethacrylate, ethyl
methacryalate, propenoic acid, copolymer of acrylic and itaconic acid,
dimethylaminobenzoatenetyl ethyl ketone,ethanol, water, camphorquinone,
andsilanetreatedsilica.

Resinblocks(Filtek Z350XT, shadeA2E,3M ESPE)werebuilt ontothe
treatedsurfacesusinga silicon mold, in two 2 mmincrementsJight-curedfor
20 s each. After this, half of specimensn eachgroup (n=10) were storedin
distilled water at 37°Cfor 48 h to allow adequatepostcuring time [14] before
the analysison baselineand the other half (n=10) was stored in the same

conditionsfor 6 month.Thewaterwasrenewedveekly.(Figure 1)
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Figureli Experimentatdesignof the study
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2.3 Preparingthesamples

Samplesveresectionednto 2 mmthick slicesusinga diamondsaw.The
sliceswere embeddedn selfcuring acrylic resin (Jet Classic,SaoPaulo, SP,
Brazil), and the surface were polished using an automatedpolishing device
(Autopol, Panambra,Sao Paulo, SP, Brazil) with 1200, 2400 and 4000grit
sandpape(SiCFepaP), underconstantwaterirrigation at 300rpmfor 30 sfor
each grit. Different slices from the same tooth were analyzed for the

nanohardness/elastimodulusor for the nanoleakage.

2.4 NanohardnesgMPa) andelasticmodulug(GPa)tests

In eachspecimen(n=10 slicesfor eachgroup at eachassessetime), 3
measurementsvere madein each area: resin compsite, hybrid layer, and
sounddentin. Theindentationshad a distanceof 10em betweerthem,and were
carried out with controlled temperaturein 21 °C and load of 1000 uN for 5 s

(AntonPaar TriTecNHT2,AntonPaar, PeseuxSwitzerland).
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2.5Nanoleakagaestand ScanningelectronMicroscopy(SEM)

For nanoleakage the sampleswere immersedin ammoniacalsilver
nitrate that was prepared according to the protocol previously described.
[15,16] The sampleswere placed in the ammoniacalsilver nitrate in total
darknessfor 18 h, rinsed thoroughly in distilled water and immersedin
photodevelopingolutionfor 6 h undera fluorescentight to reducesilver ions
into metallicsilver grainswithin voidsalongthe bondednterface.

Penetrationof silver nitrate into the hybrid layer and adhesivédentin
interface were evaluated through analysis of 2000x magnification SEM
micrographsand gradedas: no leakage= score0, slight leakage= scorel (<
25% of the evaluatedarea) and moderatdeakage= score2 (25% O050% of the
evaluatedarea) and distinctleakage= score3 (> 50% of the evaluatedarea).

[16] For SEManalysistwo samplesf eachgroupwereselected.

2.6 Statisticalanalysis

Thedataobtainedfor nanohardnesand elasticmodulusweresubmitted
for two-way ANOVA and Tukeytest(U=5%). Nanoleakagelataweresubmitted
to Mann-Whitneytest(U=5%).

3. Results

Resincompositepresentedsuperior nanohardnessnd elastic modulus
than dentin and the hybrid layer (p<0.001). None of the variables (use of
ethanol and aging) influencedthis specific evaluatedarea (resin composite).
Resinwasthusremovedrom the comparisorwith the otherareasandservedas
a control dueto the stability of data consideringthe parametersevaluated Also
consideringnanohardnessnd elastic modulus,dentin presentechigher values
whencomparedo the hybrid layer (p<0.001).

Overall, the useof ethanolinfluencednanohardnesseadings(p<0.001).

Baselineand after 6 monthsisolated readingsalso presenteddifferent results
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with the use of ethanolfor both the hybrid layer and dentin (p<0.001). The
nanohardnessf nonagedandagedethanolgroupsweresimilar after 6 months
in thehybrid layer, andtherewasa reductionafter agingfor the samegroupsin
dentin,beingthe agedvaluesimilar to the non-agednon-ethanolgroup. (Table
1)

Considering aging, dentin and the hybrid layer were different in
nanohardnessand elastic modulus (p<0.001) regardlessthe use or not of
ethanol, once baseline presentedhigher values when comparedto 6-month

water storage.(Tablel)
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Tablel i Meanand standarddeviationfor nanohardnessnd elastic modulusfor

eacharea(resin; hybrid layer e dentin)at baselineand after 6 monthevaluation

Resincomposite

Baseliné

After 6 montt

WithoutEWBT

EWBT

WithoutEWBT

EWBT

NanohardneséMpa)

1297.48+ 326.54

1264.91+ 504.44

1293.63+ 434.33

1118.73+ 142.36

ElasticmodulugGPa) 15.73+2.11 17.64+ 2.76 16.19+ 1.68 16.51+ 0.84
Baseliné After 6 month$
Hybrid Layer
WithoutEWBT EWBT WithoutEWBT EWBT
NanohardnesgMpa) | 256.19+ 67.83 | 406.07+219.72 | 196.06+ 117.57 | 324.55+ 175.6%
Elasticmodulug(GPa) 13.50+ 5.27 14,18+ 6.65 8.85+ 4.66 9.37+3.15
Baseliné After 6 month$
Dentin
WithoutEWBT EWBT WithoutEWBT EWBT
NanohardnesgMpa) | 414.55+ 202.7F | 675.01+ 160.37 | 229.48+ 75.3% | 421.22+ 189.47

ElasticmodulugGPa)

20.93+ 3.30

22.76+ 4.06

13.42+ 4.61

18.73+ 3.64

Different uppercasdetters meansignificant differencesamongthe groupsbeforeand after aging (p<0.001), for both nanohardnessnd

elasticmodulus Differentlowercasemeansignificantdifferencesn relation to EWBTat baselineor after aging (p<0.001)
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For the nanoleakagethere were no differencesbetweenbaselineand

after aging evaluations,regardlessof the use or not of ethanol (p=0.096).

Overall, differenceswere detectedfor the use of ethanol (p=0.021). Those

differenceaveredetectedn the 6-monthevaluationperiod (p=0.040)and notin

the baseline (p=0.111). Differencesare related to lesser infiltration scores

overtimewhile usingthe EWBT .(Table2)

Table2 17 Nanoleakagevaluationfor baselineandafter 6 monthwaterstorage

Baseline 6 months
Nanoleakagecores
Without Without
EWBT EWBT EWBT EWBT
0 7 4 4 -
1 - - 2 4
2 - - 1 2
3 - 2 1 3
Evaluatedsamples 7 6 8 9
Non-evaluatedsamples
3 4 2 1
(lostduring processing)
Median(minimumand
0(07 0) 0071 3) 0.5(07 3) 2.0(171 3)
maximumnvalues)

Asteriskgepresensimilarity betweerbaselineand6 monthsresulis(p=0.096).

Different lower caseletters meansignificant differencesbetweengroupsreceivingor not ethanol,at baselineor at the 6

monthsrecall (p<0.05).
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4. Discussion

The mechanicalproperties of a properly formed hybrid layer might
presentimprovedmechanicalcharacteristicswhencomparedto demineralized
nonproperly infiltrated collagen fibers (not properly formed hybrid layer),
supportingthe presentstudy. Moreover,the knowledgeaboutthe nanohardness
and elastic moduluspropertiesof the adhesiventerfaceis relevant,onceit is
also directly relatedto how dental tissueand restorativematerialsrespondto
masticatoryefforts.[17] In addition, for resin compositerestorations,a good
seal is also related to the ability of the adhesivesystemto withstand the
immediateor late mechanicalstresseslue to resin polymerizationcontraction
or masticatoryefforts.[1]

Theevaluatedareasresultedin differentmechanicatharacteristicsand
thusthefirst null hypothesisvasrejected(Tablel). Resincompositeservedasa
control areaas the nanohardnesand elasticmodulusvalueswere not changed
consideringthe EWBTor the aging processas expectedDentin nanohardness
wasgreaterthanthe hybrid layer observationspossiblydueto dentinsubstrate
componentshat are relatedto its physicatmechanicaproperties.Thereported
differencebetweerdentinand hybrid layer maybe explainedby the hardness of
the dentinthat is related to the apatite crystals, which are responsibleto the
compressiomresistance.[17] Reportsin the literature statedthat the hybrid
layer (11.7 £ 7.2) had a lower elastic modulus,therefore softer and more
elastic,whenconparedto thesounddentin(19.1+ 8.3).[18] Thisbehaviormay
be related to the demineralization process and to the adhesive system
composition.Consideringthe elastic modulus,dentin presentechigher values
whencomparedto hybrid layer, independentifo EWBT or the aging process.
Collagen fibers, together with dentin tubules number and direction, are
responsiblefor the elasticity of the tissue, directly affecting dentin elastic

modulus.[17,21] The differencesobservedin the presentstudyare related to
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the fact dentin within the hybrid layer was demineralizedand the penetrated
adhesivesystemcontributedto the observedcharacteristics.This is supported
by a studythat indicatedthe modeof application of adhesivesnightinfluence
the elastic modults of dentin, which is greater for etch-andrinse when
comparedo selfetchprotocols.[22]

In relation to EWBT,the useof the approachwas able to increasethe
initial nanohardneswaluesof both the hybrid layer and the dentin. Greater
valuesfor ethanol groups were observedeven after the aging process.The
secondhull hypothesisvasthenrejected.Thepresentresultsmightbe explained
by thefactthat EWBTis capableof increasingtheinterfibrillar spacesallowing
greater penetrationand greater amount of resin monomerscomparingto the
conventionaltechnique,and consequentlyprotecting the collagen fibrils and
increasing mechanical properties of the formed hybrid layer. [19,20] In
addition, this resultcorroborateswith a studyin theliterature that reportedthat
smearlayer did not decreasedhe bondstrengthof the hydrophilicadhesiveon
selfetchmodeafter EWBTand evenafter aging.[12] Besideghat, for dentin,
the higher valuesafter EWBTmaybe relatedto the ethanolability to dehydrate
organicmolecules[12,7]

Another factor that may contribute to maintaining the hybrid layer
characteristicswhile using the universal adhesivesystemon the seltetching
modeto dentinis the maintenancef hydroxyapatitearoundthe collagenfibrils,
which might protectthe adhesivanterfacefrom degradation[19,23,24] EWBT
wasproposedo improvethe impregnationof the hydrophobicnmonomersn the
dentinsubstrate[1-3] and to decreasewvater amountof the interface,[9] fact
thatwouldimprovethe hylrid layer characteristicsat baselineand overtime As
the adhesiverestorations longevity dependson a stable adhesionbetween
restorativematerialsand the hard tissuesand this pretreatmentiecreasevater

amountfrom adhesiventerface,[9] it is beliewed that the hydrolysisof hybrid
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layer shouldbereduced.

Differencesin adhesivedormulationsmight also influencethe results,
[22] and the presenceof smearlayer may difficult the infiltration of the resin
components from the adhesive. In selfetch adhesives, the 10
methacrylojoxydecyldihydrogenphosphatg10-MDP) is a major hydrophobic
component.This componentis an acidic monomerstable to hydrolysis and
durable in intra-oral conditions. [25] However, MDP-primed dentin is
degradable with water aging, once 10-MDP molecular structures include
hydrophilic functional groupsthat are susceptibleto cycling conditions.[25]
Thesefacts corroborate with this studysince higher nanohardnessnd elastic
modulus values were obtained on baseline when compaed to 6 months
regardlessEWBT.Thethird null hypothesisvasthenrejected.Agingwasable
to decreasdéhe nanohardnesand elastic modulusvalues,which mayindicates
degradationby hydrolysis,since the sorption of water resultsin reduction of
bondingforcesbetweenthe polymerchainsduring polymerization,decreasing
the mechanicalpropertiesof the adhesiveinterface.[26,27] In addition, it is
reported that selfetching adhesivesmay act as semipermeablemembranes,
evenafter polymerizationtherefae moresusceptibléo aging.[26,28]

For nanoleakagelower overall scoreswere observedfor the use of
EWBT, and especiallyat the 6-month assessment\o influenceof aging was
detectedor nanoleakageThefourth null hypothesisvasthuspartially rejected.
This characteristiccan be explainedby the decreaseof the amountof water in
the dentinsubstrateby ethanol,oncecontemporaryadhesivesio not completely
displacewater that can lead to dilution of monomersand water sorption.[27]
In addition, EWBTincreasedhe stiffnessf collagenfibrils andalsoreduceghe
matrix volumeand the fibrils diameter,which favors the interfibrillar spaces
increasing and the greater impregnation of the adhesive systemsand
hydrophobicmonomergBisGMA).[29,30] Thesecharacteristicsmight explain
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the reducednanoleakageof EWBT group after aging. One might questionthe
fact the hydrophilic monomersare capable to bond with water and to
consequentlhyform silver nitrate deposits,[20] and this characteristic might
hinder the results. Although this assumptionseemsto be pertinent, as both
groups used the same adhesivein the same mode, the assumptionwas
discarded.

Thenanoleakageesultsare in agreementvith theliterature thatreports
that higher valuesof dentn adhesionafter EWBT were found, when using a
universal adhesive system in the selfetching mode, even after
thermomechanicahging.[12] Thisreport enforcesthe resinimpregnationand
collagencharacteristics,as previouslydiscussedLonger aging periods would
probably lead to more nanoleakageas the aging processhas been already
detectedn themechanicapropertiesanalyses.

The combinationof EWBT with hydrophilic adhesivesystemseemdo
bea possiblendication consideringthe presentand previaus studies.

Considering the limitations of the presentstudy and basedon the
methodologyemployedfurther researcheshouldevaluatethe EWBT effecton
the adhesivesystemmpregnationby evaluatingadhesivdayer separatelyfrom
the hybrid layer. Other substrate properties after EWBT associatedwith
hydrophilicadhesivesand smearlayer presencemight be investigated Clinical

trials shouldbe performfor indicatingthis techniqudn a clinical scenario.

6. Conclusion

The simplified EWBT presentedhigher values of nanohardnessand
elasticmodulusand higher sealingcapacityof the adhesivanterfaceevenafter
a universal multi-mode adhesiveapplication on selfetching mode and after
agingfor 6 months.Thisresultsuggestshat the useof universaladhesivesith

EWTBIs an alternativeto createa stablebondandpossibleclinical indication.
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2.2 Artigo T Souza MY, Jurema ALB, Caneppele TMF, Bresciani E.
Acompanhamentode seis mesesde restauracdesrealizadas com a técnica
da dentina Umida em etanol: estudo clinico randomizado / Six-month
performance of restorations produced with the ethanolwetbonding

technique:A Randomizedrrial*

RESUMO

Este estudoclinico controladorandomizadoduplo-cego avaliou a eficaciado

prétratamentoda dentinacom etanola 100% (EWBT 1 etanolwetbonding
technique)e diferentesprotocolosadesivosem lesdescervicais ndo cariosas
(LCNC) apd6s6 mesesPacientesspresentand@elo menosuma LCNC foram

incluidos. 148 LCNC foram aleatoriamentealivididas em 4 grupos: SE (Sem
EWBT [SE] + adesivode trés passos(ScotchbondMulti Purpose,3M ESPE
[MP]), E (EWBT + MP); EB (EWBT + [Bond - terceiropassodo MP], e EU

(EWBT + adesivo universal (Single Bond Universal, 3M ESPE).
Condicionamentaacido (Condac37%, FGM) e resinacompostananohibrida
(Z350xt, 3M ESPE)foram utilizados. Os examinadoresreinadose calibrados
(Kappa=0,61)avaliaramasrestauracdemicialmente(7 dias) e apds6 mesesle

avaliacdo, utilizando os critérios USPHS modificado. Os dados foram

submetidosiotestequi-quadradq U = 0 Diferercasnataxaderetencacentre
os gruposfoi observadaaraos tratamentogp=0,003).EB apresentowa menor
taxa de sucessoem comparagcaacom os outros grupos (p<0,02). Nao foram

detectadagliferencassignificativasentre NE, E e EU (p>0,49). As taxasde

retencaoforam de 97,23% 97,30%, 78,95% e 100% paraNE, E, EB e EU,

respectivamenteEm relacdo a sensibilidade pésopeaatoria, uma reducéo
significativafoi encontradgyaraos gruposk (p=0,027)e EU (p<0,01)ap6s6

meses. Apds 6 meses, EWBT associadoao sistema adesivo hidrofobico
apresentoa maiortaxadefalha.

Palavraschave:Dentina.Etanol.Adesivos. Abrasaodentria.

*Artigo elaboradode acordocom as normasdo PeriddicoBrazilian Oral Research(Print version18073107).
Publicadoem:01/072019.
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ABSTRACT

This doubleblind randomized controlled clinical trial evaluated the
effectivenes®f dentin pretreatmentwith 100% ethanol (EWBT1 ethanolwet
bonding technique)and different adhesiveprotocols in noncarious cervical
lesions (NCCL) after 6 months.Patientspresentingat least one NCCL were
included.NCCLs(n=148) wererandomlyassignedo 4 groups:NE (NonEWBT
+ threestep etch-andrinse (ScotchbondVulti Purpose,3M ESPE[MP]), E
(EWBT+ MP); EB (EWBT+ [Bond i third stepof MP]), and EU (EWBT +
universal adhesive(Single Bond Universal, 3M ESPE). Conventionalacid-
etching(Condac37%, FGM) and nanohybridresincompositgZ350,3M ESPE)
were used. Trained and calibrated examiners(Kappa = 0.61) evaluatedthe
restorationsat baseline(7 days)and 6-monthrecall usingthe USPHSmodified
criteria. Data were subjectedto Chi square (U = 0.05). Differencesin the
successate were foundfor thetreatmentgp = 0.003).EB presentedhe lowest
successrate comparedwith the other groups (p < 0.02). No significant
differencesweredetectedamongNE, E, and EU (p > 0.49). Thesurvival rates
were97.23%,97.30%,78.95%,and 100%for NE, E, EB, and EU, respectively.
Regarding postoperativesensitivity, a significant reduction was found for
groupsk (p = 0.027)andEU (p < 0.01) after 6 months After 6 months EWBT
associatedo the hydrophobicadhesivesystenmhadthe highestfailure rate.

Keywords:Dentin.Ethanol.AdhesivesToothabrasion.
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Introduction

Dental tissues undergo different responses to acid-etching
proceduresland consequentlyto different adhesion patterns. For enamel,
adhesionis facilitated becauseof the predominanceof hydroxyapatitecrystals
and the consequenadequateformation of resin microtags: > However,dentin
consists of predominantly organic components, mainly collagen fibers,
extensionof odontoblastsand dentinal fluid, which leadsto a more variable
and challengingbondingprocedure*

A metaanalysis indicatedthat the bestadhesiornresultsto dentinwere
observedwith the use of 2-step selfetch (moderatepH) and 3-step etchand
rinse adhesivesTheauthorsalso concludedhat additional studiesare required
to improve dental adhesion. Although new dental adhesiveshave been
introduced, including adhesivesnamedii u ni v eor S @u-tbd d eresid
restorationsmay still fail after a short lifespanbecauseof degradationof the
adhesiventerface® Universal adhesivesre adaptable,as they can be applied
to wet or dry dentin and with both selfetch and etchand-rinse protocols® In
addition to improvementsn the adhesive someadditional measuregproposed
to minimizeinterface degradationinclude dentin pretreatment; ® addition of
different  chlorhexidine concentrations to adhesived,formulation of
experimentabdhesives useof matrix metalloproteaséMMPs)inhibitors,*° and
the ethanolwetbondingtechniqug EWBT)*

The EWBT might extend the longevity of resiri dentin bonding if
improvedresin monomerinfiltration and the consequenimprovedformation of
the hybrid layer occurs™ Ethanol has a higher solvent ability and lower
hydrogenbonding capacity than water. In the EWBT, it is usedto dehydrate
demineralizedcollagen fibrils chemically, creating a relatively hydrophobic
dentincollagenmatrix, which decreasesheinterfacehydrolysisassociatedvith

water removal from the substrate> Two protocols have been reported for
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applying the EWBT: progressivewater substitution,in which dentin ethanol
saturationis obtainedusingincreasingethanolconcentrationgtakesabout3 to
4 min*); anda simplified protocol, wheredehydrationoccurswith a single 1-
minuteapplication of 100%ethanol*?

Becauseof the high volatility of ethanol. the techniqueis sensitive;
moreoverethanoldoesnot completelydisplacewater from dentin, a fact that
mayhindertheinfiltration of hydrophobicadhesives! In vitro datasuggesthat
the formed hybrid layer is less hydrophilic and more resistantto long-term
hydrolytic degradationcausedoy water. The EWBTmightimprovelongevityby
effectivelyprotecting the collagen'® Few clinical studieshave evaluatedthe
EWBTasa dentinpretreatmen®®* Theuseof ethanolhasbeenevaluatedwith
a modified progressivetechniqué® and by using two coats of hydrophobic
bondingresin;*> with no significantdifferencesecausef thetechniquen these
two clinical studies.In anotherstudy,a formulated experimentahydrophobic
adhesivecontainingethanolin its hydrophobicprimer compositionresultedin
acceptableperformancé?® The primer solution in that studywas preparedby
diluting an experimental hydrophobic adhesivein absolute ethanol up to
50%weight'® To the bestof the a u t h knowdedge,only one report on the
clinical useof the EWBTwith a commerciallyavailable hydrophobicadhesive
hasbeenpublished:> Moreover,only onestudyevaluatedhe cytotoxicityof the
EWBT on humanpulp cells; the authors concludedthat it doesnot increase
pulpal damagewhencomparedwith waterwetbondingafter 48 hours?’

Non-cariouscervical lesions(NCCLs)representcervical tooth wear not
associatedwith dental caries. Theselesions may have different extensions,
shapes(wedge flat, concaveor acuteangle) and depths:® The restoration of
NCCLsremainsa challengefor clinicians, sinceretentionloss can vary from
0% to 50%:"° For this reason,this type of cavity is the mostappropriate for

testingtooth adhesionin clinical trials. Factorsresponsiblefor restorationloss
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includethedifficulty of adhesiorbetweersubstrateand materials,the degreeof
dentin sclerosis, and the adequateestablishmentof the hybrid layer® In
addition,both mechanicabnd nonrmechanicafactorsdecreaseahelongevityof
restorationsfor NCCLs,including microshearforcesduring mastication'’
Based on the presentedinformation and regarding the problems
associatedvith dentinadhesionpossibledentinpretreatmentshat favor dentin
adhesionshould be assessedvith well-designedclinical studies’ A recent
systematiaeview emphasizedhe needfor clinical trials to determinethe best
denin pretreatment. Therefore, the purpose of this clinical study was to
evaluatethe effectivenes®f dentin pretreatmentwith 100% ethanol on the
restoration of NCCLs using different adhesiveprotocols. The null hypothesis
was that the ethanol wet bonding techniquein association with different
adhesive protocols does not influence the successof NCCLs restorations

overtime.

Methodology
Ethics

The local Institutional Review Board approved the present study
(protocol number: 2.022.383).The study was also registeredin the clinical
trials registry database REBEC (http://www.ensaiosclinicos.gov.brunder
protocolRBR5hncr3.

Samplesizecalculation

For this study,the samplesizewas calculatedusingan online statistical
website - Sealed Envelope Ltda (wwwsealedenvelop.com)For power
calculation,equivalencdrial functionunderbinary outcomewas selectedand
the following parameterswere chosen:U = 5%, power at 80%, successof

control and experimentalgroup at 96%, and limit of equivalenceat 15%%
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Sample size was estimatedat 30 restorations per group. Considering the
possibleloss of experimentalnits, a further five restorationswere plannedfor

eachgroup,a total of 35 restorationsper groupand 140restorationdn total.

Inclusionandexclusian criteria

The inclusion criteria for patient selectionwere as follows: minimum
ageof 18 years; presenceof at leastone NCCL cavity in permanentaninesor
premolars;lesiondepthand cervicalwidth of 1 mmat minimum;presencef the
antagonistand adjacent teeth; vital pulp and absenceof painful symptoms;
NCCLwith no previousrestorativetreatment;andgoodoral healthandabsence
of periodontaldisease.

Theexclusioncriteria for selectionwere as follows: teethwith cervical
carieslesionsand patientswith systemialiseasege.g.gastroesophageakflux)
or allergiesto the materials used; presenceof deleterioushabits or bruxism;
anduseof removableprosthesesvith clampsonthetargetteeth.

For this study, 67 participants met the inclusion criteria, signedthe

informedconsenandwerethusincluded(Figure 1).
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Figure 1 - Flowchart including patient selection,restorationsperformed,and

evaluationphase.
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This randomized controlled clinical trial followed CONSORT
guidelines® As soonas the patientarrived at the clinic, the teethwere chosen
for this clinical trial following the inclusion and exclusioncriteria and the
informedconsenform wassigned.Prior to the restorativeprocedure,a person
not involved in this clinical trial generateda randomization sequenceof
treatmentsfor each patient, considering the four protocols. For patients
receivingmorethanonetreatmentjn casemorethanonetoothwasincludedin
the study, treatments were allocated following a crescent tooth number
(internationaltooth numberingsystem)Eachpatientreceivedat leastoneanda
maximumof four restorations;no patientreceivedduplicatetreatments.Thus,

thetreatmentavereallocatedrandomlyfor theincludedNCCLs.
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Restorativegprocedue

All participants underwentprofessional pumice prophylaxis using a
polishing brush. Isolation was then done with a lip retractor, cotton rolls,
gingival displacementord, and a saliva ejector.A bevelwasnot placedbefore
restoringthelesion.

All cavities were conditionedwith 37% phosphoricacid (Condac,FGM,
Brazil) for 15 s, followed by rinsing for 15 s and drying with absorbentpaper.
Lesionsallocated under the EWBT protocol received100% ethanol, actively
applied for 60 s with a microbrush.The adhesivesystemswvere then applied,
following thegroups:

Control Group T NE: NonEWBT [NE] + threestep etchrandrinse
(ScotchbondViulti Purpose,3M ESPE[MP]); primer was applied to etched
substrateand gentlydried for 5 s+ bondwasactivelyappliedfor 20 s, followed
by a gentleblow of air for 5 sandlight polymerizingfor 10s.

E. EWBTI[E] + threestepetchandrinse (ScotchbondVulti Purpose,
3M ESPE);100%ethanolwasactivelyappliedfor 60 s+ primer wasappliedto
etchedsubstrateand gentlydried for 5 s + bondwasactivelyappliedfor 20 s,
followed by a gentleblow of air for 5 sandlight polymerizingfor 10s.

EB: EWBT[E] + Bond (ScotchbondMulti Purpose,3M ESPE) [B]
(third stepi’ Hydrophobicadhesive);100% ethanolwasactivelyappliedfor 60
s + bondwasactivelyappliedfor 20 s, followedby a gentleblow of air for 5 s
andlight polymerizingfor 10s.

EU: EWBTIE] + UniversaladhesivgScotchbondJniversal,3M ESPE)
[U] (Hydrophilic);100% ethanol was actively applied for 60 s + universal
adhesivewasactivelyappliedfor 20 s, followedby a gentleblow of air for 5 s
andlight polymerizingfor 10s.

Filtek Z350 XT (3M ESPE, Sumaré, Brazil) was used with an

incrementaltechniquefor the restorations.Eachincrementof 2 mm, maximum,
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was polymerizedfor 20 s. Theincrementswere initially placedon the incisal
wall and thenon the gingival wall. Most of restorationswere completedwith 2
incrementsFor all restorativeprocedureshelight polymerizingwasperformed
with an LED device with a power density of 900 mW/cri. Finishing was
performel with fine finishing diamondrotary instruments(KG SorensenSéao
Paulo, SP, Brazil). After 7 days, the restoration was polished with abrasive
discs(SofL e x Fop-On,3M ESPEMN, USA).

Periodsand evaluationcriteria

The restorations were evaluated by two calibrated examiners
(interexamineragreemenbdf 81%, Kappa0.61)not involvedwith therestorative
proceduresEvaluationswereperformedat baseling(7 days)andafter 6 months
accordingto USPHSmodifiedcriteria (Figure 2). The patientsand examines

wereblind to the studyparameters.
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Figure 2 - USPHSmModifiedcriteria.

SCORES | USPHSmodified criteria
Retention
Alfa (A) No restorativeanmaterialloss
Charlie (C) Partialor completelossof restorativematerial
Marginal discoloration
Alfa (A) No discolorationbetweertoothstructureandrestorativematerial
Bravo (B) Marginaldiscolorationwhich canbe polishedaway
Charlie (C) Discolorationin interfacerestorativematerialandtooth,no ableto polish
Marginal adaptation
Alfa (A) Closelyadaptedno detectablenargin
Bravo (B) Detectablanarginaldiscrepancylinically acceptable
Charlie (C) Marginalcrevice clinically unacceptable
Delta (D) Mobile restorationpartially or totally fractured
Secondarycaries
Alfa (A) No cariespresent
Charlie (C) Cariespresent
Anatomic form
Alfa (A) Continuouswell contoured
Bravo (B) | Slightdiscontinuityor undercontouredwvithout dentinexposureglinically acceptable
Charlie (C) | Discontinuousseverundercontouredwith dentinexposureglinically unacceptable
Postoperative sensitivity
Alfa (A) No postoperative
Bravo (B) Sensitivebut with intensitydecreasing
Charlie (C) Constansensitivity,withoutintensitydecreasing
Surfacetexture
Alfa (A) Texturesuchasenamel
Bravo (B) Texturesuchasresincomposite
| Charlie (C) Surfacewith poresor cracks with dentalpick retention

Statisticalanalysis

All datawereanalyzedusingthe chi-squaretestto verify the distribution

of the succesgate and postoperativesensitivityamonggroups. The level of

significancewassetat 5%.

Results

The demographicsf the studyparticipantsare shownin Table 1. The

participants were evenly distributed into groups with regard to sex, age,
restoredtooth,andthe presencef wear facetsin relation to restorationsuccess

or failure. Failures weredetectedonly for the retentionparameter Differences
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in succesgates were detectedamongall groups (chi-square; p=0.003). EB
presented lower successrates when compared with all tested adhesive
protocols: EB versusNE (p=0.002),EB versusE (p=0.025),and EB versuseU
(p=0023). However, no significant differences were detected for other
comparisons:NE versusk (p=0.496), NE versusEU (p=1.000), E versusEU
(p=0497).Thesurvivalrateswere97.23%,97.30%, 78.95%, and 97.30%, for
NE, E, EB,andEU, respectively(Table2)

Overall, tooth sensitivitywaslessafter 6 monthsin comparisonwith the
baseline observations (p<0.001). A significant reduction in postoperative
sensitivity after 6 monthswas detectedfor E (p=0.027) and EU (p<0.001.

(Table2). For othercriteria, no significantdifferencegp>0.05) werefound.

Table 1. Demographicsof the studied population. Distribution into studied
groupshby sex,age,restoredteeth,and the frequencyof wear facetsin relation

to restorationsucces®r failure.

NE E EB EU
Men 19736 23137 18/38 15/37
(52.77%) | (62.16%) | (47.37%) (40.54%)
17136 14/37 20/38 22137
Women (47.23%) | (37.83%) | (52.63%) (59.45%)
Age(years) 55.75 53.21 P 55.43
) : 4/148 4/148 77148
Maxillary Canine (2.70%) (2.70%) (4.73%) 3/148(2%)
: : 2/148 2/148 1/148
Mandibular Canine (1.35%) (1.35%) (0.67%) 0/148(0%)
: 10/148 13/148 12/148 10/148
Maxillary Premolar (6.75%) (8.78%) (8.10%) (6.75%)
_ 21/148 18/148 18/148 24148
Mandibular Premolar (14.19%)| (12.16%) | (12.16%) | (16.21%)
Succesy 14 19 10 19
Tooth | Presence Loss 3 1 6 0
wear Success 19 15 15 18
facet | Absence [oss 0 2 7 0




Table2. Distribution of numberof restorationsand percentag€%o) accordingto eachevaluateccriteria at 7 daysand 6 months.

BASELINE- 7 DAYS 6 MONTHS
CRITERIA | SCOREYy  NE EU EB E NE EU EB E
Alfa | 36(100%) | 37(100%) | 38(100%) | 37(100%)|35(97.23%% 36 130(78.95%P |36(97.30%f
Retention (97.30%F
Charlie 0 0 0 0 1(2.77%) | 1(2.70%) | 8 (21.05%) 1(2.70%)
Alfa | 36(100%) | 37(100%) | 38(100%) | 37(100%)| 32 (88.89%) | 33(89.19%)| 30(78.95%) | 36(97.30%)
Marginal Bravo 0 0 0 0 3(8.34%) | 3(8.11%) 0 0
discoloration " chayie 0 0 0 0 0 0 0 0
Alfa | 35(97.23%) 37(100%) | 37(97.37%) 37 (100%)| 32 (88.89%) | 32 (86.49%)| 28 (73.68%) | 34(89.19%)
Marginal adaptatior_Brave_| 1(2.77%) 0 1(2.63%) 0 3(8.34%) | 4(10.81%)| 2(5.27%)| 4(10.81%)
Charlie 0 0 0 0 0 0 0 0
_ Alfa | 36(100%) | 37(100%) | 38(100%) | 37(100%)|35(97.23%) | 36(100%) | 30(78.95%) | 36(97.30%)
Secondaryaries [ charlie 0 0 0 0 0 0 0 0
Alfa | 36(100%) | 37(100%) | 38(100%) | 37(100%)| 35(97.23%) | 35(94.60%)| 30(78.95%) | 35(94.60%)
P — Bravo 0 0 0 0 0 1(2.70%) 0 1 (5.40%)
Charlie 0 0 0 0 0 0 0 0
35 35
| Alfa | 27(75%) |30(81.08%) 28(23.68%) 30(81.08%)]32(88.89%) | (94.6006)* | 28(73.68%) | (94.60%)*
PO:teonps?trSittl;/e Bravo | 8(22.22%)| 7(18.92%)| 9(76.32%)| 7(18.92%) 3(8.34%)| 1(2.70%) | 2(5.27%)| 1 (5.40%)
Charlie | 1(2.77%) 0 0 0 0 0 0 0
Alfa | 36(100%) | 37(100%) | 38(100%) | 37(100%)|31(86.11%) | 31(83.79%)| 26 (68.42%) | 31(83.79%)
Surfacetexture |1V 0 0 0 0 4(11.12%) | 5(13.51%) | 4(10.53%) | 5(13.51%)
Charlie 0 0 0 0 0 0 0 0

Differentsuperscriptiettersindicatedifferenceson retentionratesat the 6-monthrecall (p<0.05)
Asterisksindicate groups presentingsignificant reduction of postoperative sensitivity at the 6-monthrecall in relation to the baseline(p<0.05)

1%
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Discussion

Completeremoval of water from the dentin is not possiblewith the
adhesivesystemsleadingto the dilution of monomersand water sorptionof the
adhesivelayer during aging, with consequenthydrolysis™> #* In order to
minimize the hybrid layer and unprotectedcollagen hydrolysis overtime, the
EWBT approach has been advocatedfor severalreasons.The EWBT might
removeand replace free and loosely bound water around the orifice of the
dentin tubulesand within the collagen microfibrils. > ** However,the water is
not completelyremovedfrom the dentin substrate:" Questionsregarding the
effectof the amountof remainingwater on the bond strengthwith hydrophobic
adhesiveshave beenraised, and that issuehas beenevaluatedin an in vitro
study?* Theresultswereacceptablevhenhydrophilic adhesivesvereusedwith
EBWT ,possiblydueto the combinationof theremainingwaterin dentinandthe
water from the adhesivecomposition.The implememation of a new layer of
water in a dehydrateddentin surfaceis questionableput that associationhas
been reported to be effective in in vitro conditions, warranting clinical
investigations.

The EWBT approachalso preventsphaseseparationof the adhesve
possiblyimprovinglong-term bondstrength®® In addition, the useof the EWBT
might decreasethe diameter of collagen fibrils and the matrix volume,
consequentlyincreasing the interfibrillar spaces and leading to greater
impregnationof the adhesve systemand hydrophobicmonomers? Theresults
from micro-Raman’ and two-photon laser confocal microscopy’® analyses
indicated that the EWBT favors the relatively homogeneoudistribution of
methacrylate{BisGMA) in the interfibrillar spaces.This allows the formation
of a hybrid layer with improvedmechanicaland bondingproperties,sincethe
greaterthe amountof hydrophobicinfiltrated resin monomersthe greaterthe

resindentin bondingstrength?® Improvedhydrophobicmonomerimpregnation
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proteds and encapsulateollagen fibers more efficiently’; and it decreases
bothwater sorptionandthe enzymecatalyzechydrolytic cleavageof collagent®
% increasing collagenrigidity, which contributesto the formation of a more
effectivehybrid layer?® In spite of the reportedbenefitsof usingthe EWBT the
inclusionof an extrastepin the adhesiveprotocol is a disadvantageas it adds
to the clinical time and mayincreasetechniquesensitivity.The main challenge
of dentaladhesionwhich s related to the dentin substrate,s still not solved.
Thus,testingalternativeprotocols,evenwith additional stepss justified.

The null hypothesisthat the ethanolwetbonding techniquedoes not
influence NCCL restoration successover time was partially acaeepted. The
combinationof hydrophilic adhesivesystemsand the EWBT was comparedto
the control group (NE), while the useof a commerciallyavailable hydrophobic
adhesiveassociatedwith the EWBT resulted in lower successrates when
comparedwith the othertestedgroups.

Thethreestepetchandrinse adhesivesystemwas consideredthe gold
standard in a systematicreview, supportingits presentuse as the control
group. Organic solventswithin hydrophilic adhesivesystemssuchas acetone
and ethanol, are preferred to water, as they encourageinfiltration of resin
monomers into collagen fibrils, resulting in better adhesive bonding™
According to Mair and Padipatvuthikuf' organic solvents displace water
moleculeswithin the dentin matrix and, becauseof their high evaporation
capacity, facilitate the diffusion of monomersinto demineralized dentin.
However the presenceof residualsolventin the adhesivanterfacemightresult
in disturbancesn the polymerizationreaction, which would reduceadhesion.
Thebetterthe evaporationcapacity,the lower the amountof residualsolventat
the adhesiveinterface®? Becausethe Single Bond Universal adhesivesystem
also contains ethanol as a solvent, the EWBT may have facilitated the

impregnationof resinmonomes, resultingin stablebonding.



48

Althoughthe increasedpermeabilityof monomersmayincreasetoxicity
potentialand compromisethe longevityof restorations® this was not observed
in the presentstudy during the evaluatedperiod. Moreover, the EWBT may
increasethe absorptionand degreeof conversionof the resin monomer$ and
produce a hydrophobic collagen matrix with improved sealing, evenif a
hydrophilic adhesiveis used.In addition, the EWBT reducesthe sorption of
water and collagenhydrolysis,making the hybrid layer morestable** All those
reported advantagesmight explain the positive results obtained with the
hydrophilic adhesiveusedin the presentstudy.Longerevaluationperiodsmay
reveal a possible benefit of associatingthe EWBT with the hydrophobic
adhesivesystemsested.

Improvedbondingbetweenhydrophobicadhesivesand dentin hasbeen
reported with EWBT, possibly becauseof improved water removal from the
collagenmatrix and proper collagenencapsulationforming a lesshydrophilic
hybrid layer!® 3 However,clinical trials evaluatingthe EWBT did not show
significantdifferencesafter 12 or 18 months,with retentionratesfor the EWBT
at 91.67%and 93.55%>"* Techniqudlifferencesn thosestudiesare relatedto
the use of a formulated hydrophobic primer (hydrophobic bond diluted in
ethanolin a concentrationof 10% or 50 w% ethanol)or the ethanolnot being
actively applied® > 3 3% 38 Although no differenceswere detectedwhen
comparedwith the control groups,one studyreportedthat the 91.7% success
for the EWBTin comparisorwith the 100%successate for the control couldbe
related to the sensitivityof the EWBT. This sensitivityin associationwith the
viscosity of commerciallyavailable hydrophobicadhesivesmight explain the
presentdata. Combiningthe EWBT with hydrophobicadhesiveled to reduced
succesgates when comparedwith those of the other groups (EB versusNE
[p=0.002], EB versus E [p=0.025], and EB versus EU [p=0.023]). The

viscosityof the hydrophobicadhesivemayhaverestrictedmonomerinfiltration
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into the demineralizeddentin, as studiesusing diluted hydrophobicmonomers
for application resultedin improvedclinical successrates™ * The present
study used commercially available hydrophobic monaners with the EWBT.
Cliniciansdo not haveaccesgo diluted hydrophobicnonomersandthein vitro
or in vivo resultsreportedpreviouslymight not be reproducibleas they depend
on experimentamaterials.

For the universal adhesive,besidespossiblewater removal from the
dentin matrix and infiltration of resin monomers(BissGMA/TEGDMA), the
interaction of 10-MDP functionalmonomerwith calcium hydroxyapatiteof the
dentin37 might also support the obtained results. That interaction helps
decreasethe dissolution rate of the Ca-salt formed and helps maintain the
durability of the bondedinterface®” Longerterm evaluationsare required to
validatethis statementTheeffectof EWBTon the seltetchingmodeof universal
adhesivesnight be explainedby the ethanol application modifyingthe organic
matrix of the smearlayer?* allowing crystalsto be availablefor bondingwith
the adhesivesystemand possibly assistingthe interdiffusion of the adhesive
monomersn thesmearayer andthecollagenfibrils.

In addition,the combinationof the EWBTand universaladhesivesn the
selfetchmodeshouldbe evaluatedfor possibleinteractionsbetweernthe smear
layer and the EWBT approach.Furthermore,clinical studiesusingseltetching
adhesivesvith longer evaluaton periodsare neededLimitationsof this present
clinical trial includethat the restorationswere not independentthe evaluation
period was short, and somecharacteristicsmay haveinfluencedthe restorative
treatment success,such as the thicknesslayer of the adhesives,adhesive
viscosity, and wettability, in addition to the variable occlusion of the
participants. For the participant occlusion, the distribution of failed and
successfulrestorationswas not related to the presenceor absenceof wear

facets,suggestinghat characteristicmighthavenotinfluencedheresults.
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The value of shortterm (6-month) recall information is unclear.
Defining a better adhesiveprotocol with a dentin pretreatmentmight have
affectedthe results. The importanceof the presentclinical trial relatesto the
fact that only one study evaluatingthe EWBT assessedhe results using a
commerciallyavailable productand mainly to the fact that the resultswerenot

favorablefor the original techniqueat theveryshorttermpresentlyreported.

Conclusions

The association between EWBT with commercially available
hydrophobic adhesivesystemshould be limited due to reduced restoration
longevity. All hydrophilic adhesivesystemspresentedgreater succesgate at

this evaluationperiod.
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2.3 Artigo 7 Souza MY, Jurema ALB, Caneppele TMF, Bresciani E. 18
meses da performance da técnica da dentina Umida por etanol com
diferentes protocolos adesivos:estudoclinico randomizado controlado / 18
month performanceof ethanolwetbonding techniquewith different adhesive

protocols:a randomizedcontrolledclinical trial*

RESUMO

OBJETIVOS:Esteensaioclinico avalioua eficaciadatécnicada dentinaimida
por etanol(EWBT - E) e diferentegprotocolosadesivosemlesdescervicaisnao
cariosas(LCNC) apds 18 meses.MATERIAIS E METODOS: Um ensaio
clinico randomizado, controlado, duplocego foi realizado. Pacientes
apresentandgelo menos uma LCNC foram incluidos. 148 LCNC foram
aleatoriamentalocadagpara4 grupos:NE (Non-EWBT [NE] + adesivodetrés
passogScotchbondviulti-Purpose3M ESPE),EMP (Etanol[E] adesivodetrés
passogScotchbondviulti-Purpose3M ESPE[MP]); EB (E + terceiropassode
MP [B]) e EU (E + adesivouniversal- Single Bond Universa, 3M ESPE[U]).
Todasas cavidadedoram condicionadasom acido fosforico a 37% (Condac,
FGM) e entdorestauradacom resinananohibrida(Filtek Z350xt, 3M ESPE)
Avaliadores treinados (kappa=0,61)avaliaram as restauracéeso inicio do
estudo- 7 diase ap0s6, 12 e 18 mesesseguindaoo critério USPHSmodificado.
Os dados foram submetidosaos testes de qui-quadradoe KaplanMeier
( U= 0 RBSW)TADOS: Diferencasno sucessdoram encontradasentre 0s
tratamentogp<0,001).EB apresentoa menortaxade suceso em comparacao
com os outrosgrupos(p<0,001).Nenhumadiferencasignificativafoi detectada
paraNE,EMPeEU ( p O 0 , Ap@ T8)nesesastaxasde sobrevivéncidoram
de 96,02%, 97,68%, 65,58% e 99,06%, para NE, EMP, EB e EU,
respectivamenteaCONCLUSOES: Ap6és 6, 12 e 18 mesesEWBT associad@o
sistemaadesivohidrofobosapresentowa maior falha de retencdo EWBT com
adesivos hidréfilos foram semelhantesao grupo controle. RELEVANCIA
CLINICA: EWBT apresentouesultadoslinico promissoresjuandoassocido
a adesivoshidrofilos. A associacd@om um adesivohidréfobo comercialmente
disponivelapresentoaspiorestaxasderetencaalerestauracéesmLCNC.

Palavraschave:Dentina.Etanol.Adesao Adesivos.Ensaioclinico.

*Artigo elaboradade acordocomasnormasdo PeriddicoClinical Oral InvestigationgPrint versionISSN 1432
698).Submetidoem: 17/06/2019.
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ABSTRACT

OBJECTIVES:This clinical trial evaluatedthe effectivenesof ethanol wet
bondingtechnique(EWBTi E) and differentadhesiveprotocolsin non-carious
cervical lesions (NCCLs) after 18 months. MATERIALSAND METHODS: A
randomized,controlled, doubleblind clinical trial was performed. Patients
presentingat leastone NCCL wereincluded.NCCLs (n=148) were randomly
assignedto 4 groups: NE (NonEWBT [NE] + threestep etchandrinse
(Scotchbondviulti-Purpose,3M ESPE),EMP (E + threestep etchrand-rinse
(ScotchbonaViulti-Purpose,3M ESPE[MP]); EB (E + third stepof MP [B])
and EU (E + universaladhesive Single Bond Universal,3M ESPE[SU]). All
cavitieswere conditionedwith phosphoricacid 37% (Condac,FGM) and then
restoredwith nanohybridresin compositgFiltek Z350,3M ESPE).Trainedand
calibrated examiners(kappa=0.61)evaluatedthe restorationsat baselinei 7
days,6, 12 and 18 monthsrecall usingthe USPHSmodifiedcriteria. Data were
subjected to Chi-square and KaplanMeier tests ( U= 0 . RESYLTS:
Differencesin successyerefoundfor the treatmentgp<0.001). EB presented
the lowest successrate compared with the other groups (p<0.001). No
significantdifferencesveredetectedor NE,EMPandEU ( p O 0 . A2tBeQ§ .
monthrecall, the survivalrateswere96.02%,97.68%,65.58%,and 99.06%for
NE, EMP, EB, and EU, respectively. CONCLUSIONS:After 6, 12 and 18
months,the EWBT associatedvith hydrophobicadhesivesystenpresentedhe
highestretentionfailure. EWBTwith hydrophilic adhesivesvere similar to the
control group. CLINICAL RELEVANCE:EWBT presentspromising clinical
results when associaéd with hydrophilic adhesives.The associationwith a
commercially available hydrophobic adhesivepresentedthe worst retention
ratesof NCCLsrestorations.

Keywords:Dentin, Ethanol,Dental Bonding,AdhesivesClinical Trial.
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Introduction

Dentin presents a great amount of organic components,mainly
collagen fibers and dentinal fluid, that are responsiblefor the different
response to acid etching and consequentlythe adhesion pattern and
longevity when comparedwith enamé [1, 2]. The best adhesionresult to
dentin,accordingto a metaanalysis,is providedby the 2-stepselfetchor 3-
step etchandrinse adhesives[3]. The impaired dentin adhesionand the
materialtbasedstandardprotocol endorsethe constantdevelopmentf adhesive
systemsn an attemptto clinically improvetheadhesiorto dentin.

Recent adhesive materials are representedby the marketed multi-
mode/universahdhesiveqd4]. This material is consideredadaptable,since it
could be used on wet or dry dentin and under seltetch or etchandrinse
protocols[5, 4], factthesupportdts increasedpopularity [6].

Independentlypf the adhesiveor modeof applicationused,theinterface
degradationstill decreasesheresinrestorationdlifespan[7]. Dueto this, some
strategieswere proposedo improvethe adhesionovertime, suchas dentinpre-
treatments [8-10], addition of different chlorhexidine concentrations on
adhesives[11], formulation of experimentaladhesives[12, 13], the use of
matrix metalloprotease(MMPSs) inhibitors [14], or the ethanolwetbonding
technique (EWBT) [7]. Two protocols for applying the EWBT have been
reportedin the literature, the progressivewater substitutionand the simplified
technigue.The first employsincreasingethanol concentrdions, and clinically
this procedure takes about 3-4 min [15], while the last results in dentin
dehydrationwith a single 1-minuteapplication of 100% ethanol,beinga more
clinically acceptabldime[16].

Consideringthat the adhesiveinterface hydrolysismight be one of the
mainreasonsf failuresovertime the EWBTmaybe a betterstrategyduring the

adhesion process, once ethanol presentshigher solvent ability and lower
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hydrogenbonding capacity than water [17]. Thosecharacteristicsfavor the
water substitution, possiblyleading to reducehydrolysis.The EWBT approach
createsa relatively hydrophobiccollagen matrix by reducing the amount of
water, improving the hydrophobic monomersinfiltration and consequently
forming a more hydrophilic hybrid layer [15,18], possibly retarding the
adhesiveinterface hydrolysis. However,the techniqueis sensitivedue to the
high volatility of ethanol,and it also doesnot displacewater completely since
thereis a stablebondbetweerthe collagenfibrils with water[19], fact that may
hinder the infiltration of hydrophobic adhesives[19]. Considering the
biological aspectsof the technique the EWBTwas consideredsafesincethere
was no pulpal damageon humancells in comparisonto waterwet bonding
approachafter48h[20].

For evaluatingthe EWBT clinically, studieshave reported the use of
ethanolunderthe modified progressivetechnique[21, 22] or usingtwo 100%
ethanol applications [23], with no differences between the techniques.
Additionally, a study reporting the use of a formulated experimental
hydrophobicprimer, presenting50 weight%in ethanoland coomonomerresin
blend[24], hasalsobeenreported.

Besidesthe fact that the EWBT might improve longevity due to an
effective collagen protection [25], few clinical studiesevaluatedEWBT as
dentin pre-treatment[21-23]. In addition, laboratory resultsof the association
betweeruniversal adhesiveson selfetch mode and EWBT is reported to
present improved bond strength even after thermomechanidaaging [26].
The previousevaluationreport of the presentstudy revealedthat the use of
EWBT under the conceivedapproach (associatedto hydrophobicadhesive)
resulted in lower survival rates after a shortterm evaluation (6 months),
possiblydueto the lack of usinga diluted hydrophobicagent[27]. Theauthors

pointedthat longer evaluationsare requiredto describethe succes®ehaviorof
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the tested protocols with time. Based on the presentedinformation and
regarding the problemsassociatedto non-carious cervical lesions (NCCLS)
consideringthe retentionloss can vary from 0% to 50% [28], possibledentin
pre-treatmentsthat favor dentin adhesionshouldbe clinically assessed,)nder
well designedclinical studies[6,11] for supporting evidencebasedDentistry
andproperclinical practice.

Accordingto a recentsystematiadeviewand metaanalysis[3], clinical
trials are neededto determinethe bestdentin pre-treatmentwithin the dentin
adhesiorsubject.In addition, the resultsof the presentstudycould providedata
to supportsystematiaeviewsand metaanalysis.Thus,the aim of this clinical
trial wasto evaluatethe effectivenesef dentinpre-treatmentwith 100%ethanol
on NCCLs using different adhesiveprotocols. The null hypothesiswas that
EWBT in associatiorno differentadhesiveprotocolsdoesnot influenceNCCLs

restorationsuccessvertime.

Material andmethods
Ethicsand Samplesize
This presentstudy was approvedby local Institutional ReviewBoard
(protocol number: 2.022.383) and registered in a clinical trials database
REBEC (http://www.ensaiosclinicos.gov.briinder protocol: RBR5HNCRS3.
Thisrandomizedcontrolledclinical trial followedCONSORTuidelineq28].
The sample size was calculated using an online statistical website
(Sealed Envelope Ltda - www.sealedenvelop.comlzor power calculation,
equivalencetrial function under binary outcomewas selected.The following
parameterswere chosen:U = 5%, power at 80%, successof control and
experimentalgroup at 96% and limit of equivalenceat 15% [29]. Samplesize

wasestimatedvith at least30 restorationsper group.



60

Inclusionand nortinclusioncriteria

The patient must have presentedall characteristicsfor selectionand
inclusionin the study:minimumageof 18 years;presene of at leastoneNCCL
in permanentcaninesor premolars with vital pulp and absenceof painful
symptonsjesiondepthand cervical width of 1 mmat minimum;presenceof the
antagonistand adjacentteeth; NCCLswith no previousrestorativetreatment;
goodoral healthandabsencef periodontaldisease.

The norrinclusion criteria were as follows: teeth with cervical caries
lesions; patients with allergies to the materials used or systemicdiseases
presencegle.g. gastroesophageaikeflux); deleterioushabits or severebruxism;
useof removableprosthesesvith clampson the targetteethor fixed orthodontic

appliances.

Studydesign

For this study,67 participantsmettheinclusioncriteria; theysignedthe
informedconsentand werethusincluded.Prior to the restorativeprocedure a
personnot involvedto this clinical trial generateda randomizationsequencef
treatmentsfor eachtooth, consideringthe four protocols. Thus,the treatments
were allocatedrandomlyfor the includedNCCLs.For patientsreceivingmore
than one treatment,in case more than one tooth was includedin the study,
treatmentswere allocatedfollowing a crescenttooth numberaccordingto the
international tooth numbering system,once no patient received duplicated
treatments.

All voluntees were submittedto professionalpumiceprophylaxisusing
polishing brush. Isolation was done with lip retractor, cotton rolls, gingival
retractor cord n®000 (Ultrapak, Ultradent Productsinc), and salivaejector.No
bevel was performedon enamelprior to restorationsand all cavities were
conditioned with 37% phosphoric acid (Condac, FGM, Brazil) for 15 s,
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followed by rinsing for 15 s and drying with absorbentpaper. The adhesive

systemsvereappliedaccordingma n u f a dristructiens(alslel).

Tade 1 1 Acronymsof groupsaccordingto the use of ethanoland adhesive

Ettanol dentin
GROUP Adhssive System used Mode of application
pre-treament
Primer was applied o eiched subsirate and dried for 5 5 + bond was
Contol three-step etch-and-rinse (Scotchbond
Ho-HE actively applisd for 20 5. followed by a gentle blow of air for 5 =
-NE Multi-Phopase, 36 ESPE) - MP
and lightcunng for 10 3
100 ethanol was acdvely applied for 80 s with microbrosh +
three-step efch-and-rinse (Scotchbond | primer was applied te etched substrate and dried for 3 5 + bond was
EMP Yes—E
Multi-Paopose, 3M ESFPE) - MP actovely applisd for 20 s, followed by a gentle blow of am for 5 5
and lightcorng for 10 s
Bond (Scotchbond Multi-Purpose, 1007 ethanol was acdvely applied for 50 s with micrebrosh +
EBE Tes—-E 3M ESPE: third step — Hydrophobic) hydrophobic bend was actively applied for 20 5, followed by a
-B penfle blow of air for 5 5 and lightooning for 10 s
Universal adhesive [Sconchbond 100 ethanol was acdvely applied for 80 s with microbrosh =
EU Tes—-E Universal, 3M ESFE - Hydrophilic) - universal adhesive was actively applied for 20 =, followed by a
U genfls blow of air for 5 5 and lightouning for 10 s

protocols.Adhesivematerialsandclinical sequenceare alsopresented.

Therestorationswere madeusing Filtek Z350 XT (3M ESPE,Sumare,

Brazil) with an incrementaltechnique,in which eachincrementwas2 mmon

maximum.Light activation of restorationswas donefor 20 s. The increments

wereinitially placedon the incisal wall and thenon the gingival wall. Most of

restorationswere completedwith 2 incrementsFor all restorativeprocedures,

the polymerizingwasperformedwith a LED devicewith a powerdensityof 900

mW/cm, on minimum.Finishing was performedwith fine finishing diamond

rotary instruments(KG SorensenSao Paulo, SP, Brazil). After 7 days, the

restorationswere polishedwith abrasivediscs(SotL e x Fop-On, 3M ESPE,
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MN, USA).Restorationsvereperformedby a singletrained operator.
Evaluation

The restorations were evaluated by two calibrated examiners
(interexamineragreemenodf 81%, Kappa0.61)notinvolvedwith allocationand
restorativeprocedures Evaluationswere performedat baseline(7 days),after
6, 12 and 18 monthsaccording to USPHSmodified criteria. (Table 2) The

patientsand examinersvereblind to the studyparameters.

Table2 i USPHSmModifiedcriteria usedto evaluatethe NCCLsrestorations

SCORES | Criteria
Betention
Alfa (A) Mo restoratve matenal loss
Charklie (C) Partial or complete loss of restorative material
Marzinal discaloration
Alfa (A) Mo discoloration between tooth structure and restorative matenial
Brave (B} Margmal discoloration which can be polished away
Charhe (C) Discoloration in interface restorative matenal and tooth, no able to polish
Marginal adaptation
Alfa (A) Closely adapted, no detectable margin
Bravoe (B) Detectable marginal discrepancy climcally acceptable
Charlie (C) Margmal erevice, climically unacceptable
Delta (D) Mobile restoration, parhially or totally fractured
Secondary caries
Alfa (A) Mo caries present
Charlie (C) Canes present
Anatomic form
Alfa (A) Contimuous, well contoured
Bravo (B) Shght discontimnty or under contoured without denfin exposure, chimeally acceptable
Charlie (C) Dhscontinuous, sever under contoured, wath dentin exposure, climically unacceptable
Post-operative sensitivity
Alfa (A) Mo post-operatrve
Brave (B) Sensifive but with intensity decreasing
Charklie (C) Constant senspfivity, without infensity decreasing
Surface texture
Alfa (A) Texture such as enamel
Brave (B) Texture such as resin composite
Charhie (C) Swrface with pores or cracks. with dental pick retenfion

StatisticalAnalysis

All datawereanalyzedusingthe chi-squaretestto verify the distribution
of the succesgate amonggroups and amongassessegeriods. The Kaplan
Meier survival analysiswas also performed.Data for the frequencyanalysis

(successamong groups and periods) consideredthe intentiontto-treat data
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treatment,in which data was imputed for non-show participants during the

recalls. Thelevelof significancefor bothtestswassetat 5%.

Results

A flowchart of this clinical trial is shown in Figure 1 and the
demographicsof the studyparticipantsare shownin Table 3. The participants
were distributedinto groupswith regard to sex, age, restoredtooth, and the
presenceof wear facetsin relation to restorationsuccesor failure. Failures
were detectedonly for the retention parameter.Differencesin retention rate
were detectedamongall groups(p<0.0001).EB presentedower successates
whencomparedwith all testedadhesiveprotocols: EB x NE (p=0.0008),EB x
EMP (p=0.0001),and EB x EU (p<0.0001). No significant differenceswere
detectedor other comparisonsNE x EMP (p=0.6204),NE x EU (p=0.2905),
EMP x EU (p=0.5555). The survival rates for 18-month assessmentgere
96.02%,97.68%,65.58%,and 99.06%for NE, EMP, EB,andEU, respectively.
(Table4)

Figure 1 - Flowchart of the clinical trial. Numberof restorationsevaluatedin

eachrecall pergroupis alsopresented.
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Table 3 - Distribution into studiedgroupsby gender,age, restoredtooth, and

alsothe frequencyof wear facetsin relation to succes®r failure ratesafter 18

months.

PopulationGroups

NE

EMP

EB

EU

Tooth from male subjects

19/36 (52.77%)

23/37 (62.16%)

1B/38 (4737%)

15/37 (40.54%)

Tooth from female subjects

17/36 (47.23%)

14/37 (37.83%)

20/38 (52.63%)

13/37 (59.45%)

Mean age (years)

h
LN
o |
h

5321

52.60

55.43

Upper Cammne ! teeth included

4736 (11.05%)

437 (10.81%)

7738 (18.42%)

337 (5.11%)

Lower Caning / teeth micluded

2136 (5.01%)

2137 (5.41%)

1/38 (2.63%)

037 (0%)

Upper Premolar / teeth meluded

1036 (26.61%)

13/37(35.13%)

12/38(31.57%)

10137 (27.03%)

Lower Premolar | teeth mmcluded

21/36(57.33%)

18/37(48.65%)

18/38(47.38%)

24/37(64.86%)

Sucecess
after 18-mo 14 19 7 19
Presence
Loss
Tooth after 18-mo 3 1 ] 0
wear facet 3
Suceess
after 18-mo 19 15 12 17
Absence
Loss
after 18-mo 0 2 10 1




Table4 i Distribution of numberof evaluatedestorationsand percentagd%) accordingto eachcriteria at baseline 6, 12 and 18 months.

BASELINE- 7 DAYS 6 MONTHS 12 MONTHS 18 MONTHS
CRITERIA [ SCORES
NE EU EB EMP NE EU EB EMP NE EU EB EMP NE EU EB EMP
Alfa 36 37 38 37 35 36 30 36 32 36 24 34 30 36 19 34
Retention (100%) | (100%) | (100%) | (100%) | (97.23%F | (97.30%} | (78.95% | (97.30% | (91.43%F | (100%} | (75.00%9 | (94.12%5 | (100%} | (100%} | (73.69%9 | (100%}
Charlie | - - ; - |1@77%)| 12.70%) (21_%5%) 1.70%)| 2 (8.57%)| - (25_%0%) 2(5.88%)| - - (26_21%) -
36 37 38 37 32 33 30 36 30 33 22 35 30 32 18 32
VN Alfa (100%) | (100%) | (100%) | (100%) | (88.89%)| (89.19%) | (78.95%)| (97.30%) | (88.23%) | (91.66%)| (73.33%)| (97.22%)| (100%) | (94.12%)| (88.89%)| (94.12%)
argina 2 3 2
Charlie - - - - - - - - - - - - - - - :
Alfa 35 37 37 37 32 32 28 34 29 34 23 33 29 34 15 32
N (97,23%)| (100%) | (97,37%)| (100%) | (88.89%)| (86.49%) | (73.68%)| (94.44%) | (90.62%) | (94.44%)| (95.83%) | (94.28%)| (96.67%) | (94.45%) | (83.34%) | (94.12%)
argin 1 1 4 2 1 3
adaptation | Bravo 2.77%) - (2.63%) - 3(8.34%) (10.81%) 2(5.27%)| 2 (5.56%) | 3 (9.38%) (5.569%) 1(4.17%)| 2 (5.72%) (3.33%) 2 (5.56%) (16.66%) 2 (5.88%)
Charlie - - - - - - - - - - - - - - - -
Alfa 36 37 38 37 35 |4 (100%) 30 36 32 36 24 35 30 36 18 34
Secondary (100%) | (100%) | (100%) | (100%) | (97.23%) %) (78.95%) | (97.30%) | (91.43%)| (100%) | (80.00%)| (97.22%)| (100%) | (100%) | (88.89%)| (100%)
caries .
Charlie - - - - - - - - - - - - - - - -
Alfa 36 37 38 37 35 35 30 35 32 36 24 35 30 36 18 34
Anatomic (100%) | (100%) | (100%) | (100%) | (97.23%)| (94.60%) | (78.95%)| (94.60%) | (91.43%)| (100%) | (80.00%)| (97.22%)| (100%) | (100%) | (88.89%)| (100%)
form Bravo - - - - - 1 (2.70%) - 1 (5.40%) - - - - - - - -
Charlie - - - - - - - - - - - - - - - -
Alfa | 2775%) 30 29 30 32 35 28 35 31 32 20 33 30 35 17 34
% | (81.08%)| (68.97%)| (81.08%)| (88.89%) | (94.60%)*| (73.68%) | (94.60%)*| (96.87%)| (97.22%)| (83.33%)| (94.28%)| (100%) | (97.23%) | (94.45%)| (100%)
Post 8 7 9 7 4 4
sgr?srﬁit\l/\i/g/ Bravo (22.229%)| (18.92%)| (31.03%)| (18.92%) 3(8.34%)| 1 (2.70%) | 2 (5.27%)| 1 (5.40%) | 1 (3.13%) (2.78%) | (16.66%) 2 (5.72%) - 1(2.77%)| 1 (5.55%) -
Charlie (2_717%) - - - - - - - - - - - - - - -
36 37 38 37 31 31 26 31 28 34 21 25 26 28 16 28
Alfa (100%) | (100%) | (100%) | (100%) | (86.11%)| (83.79%) | (68.42%)| (83.79%) | (87.50%) | (94.44%)| (87.5%) | (71.43%)| (86.67%)| (77.77%)| (88.89%)| (82.35%)
Surface 4 5 4 5 4 2 3 10 4 8 2 6
texture Bravo i i i i (11.12%) | (13.51%) | (10.53%)| (13.51%) | (12.50%) | (5.56%} | (12.50%)| (28.57% | (13.33%)| (22.23%)| (11.11%)| (17.65%)
Charlie - - - - - - - - - - - - - - - -
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Owerall, tooth sensitivity was less frequent after 18 months in
comparisonwith the baseline observations(p>0.002). (Table 4) For other
criteria, no significant differenceswere found (p>0.1056). Considering the
intentionto-treat data treatmentthe frequerty analysis(succesamonggroups

andperiods)is shownon Figure 2.

Figure 2 i Frequencyanalysisfor each group (successamong groups and
periods).
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Discussion

Basedon the clinical succesbservedthe null hypothesighat EWBT

doesnotinfluenceNCCLssucces®vertimewaspartially acceptedTheuseof a
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commerciallyavailable hydrophobicadhesivein associationwith the EWBT
resulted in lower successrates. On the other hand, hydrophilic groups
associatedwith 100% ethanol presentedsimilar successates to the control
group(NE).

Although a decreasein the collagen fibrils diameter and the matrix
volumeis expectedafter ethanol application, the presentlack of differences
betweerthe useof EWBTassociatedvith hydrophilicadhesivesand the control
group doesnot supportthe benefitsof that decreaseat the evaluatedperiod.
That reported decreaseis known to improve collagen interfibrillar spaces,
leading to greater impregnation of the adhesive systemand hydrophobic
monomerg31]. Besidesall the influencesof EWBT on dentin substrate this
approachmightalsoincreaseshe degreeof conversionof the resin monomers
[32], producinga conditionwith bettersealing evenafter hydrophilic adhesive
use.Basedon the 18-monthresultsof the presentstudy,the associatiorbetween
EWBTand hydrophilicadhesivesnaybe indicated,onceno deteriorationof the
bonding properties was detectedclinically. Greater amountof water in the
adhesiventerfacein comparisonwith the useof hydrophobicadhesivesnight
be questionedonceit may favor monomersdilution and water sorption that
resultsin hydrolysisovertime[33, 34]. This concern,however,shouldnot be
consideredn viewof the presentresults,andfurther follow-upsare required.

Moreover theliterature suggestshat after EWBT thereis a decreaseof
water sorption and enzymecatalyzedhydrolytic cleavageof collagen[31, 15],
andalsoanincreasen collagenrigidity, whichcontributesto theformationof a
more effectiveand stable hybrid layer. In micro-raman [35] and two-photon
laser confocal microscopy [36] analyses, it was verified homogeneous
distribution of methacrylatemonomerswithin the interfibrillar spaceswhich
improvesthe collagenfibers protectionand encapsulatior{35] and the hybrid

layer mechanicajproperties resultingin improvedbondstrength[37]. Although
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EWBT pretreatments referred to removeand replacefree and looselybound
waterarounddentintubuleorifices and within the collagenmicrofibrils [31, 33,
38], the employmenof EWBTand adhesivesystemsloesnot resultin complete
removal of water from dentin matrix [19], allowing monomerdilution, water
sorption and hydrolysisof the adhesiveinterface [33, 34]. Improvedsuccess
rates were not detectedin the presentstudywhile associatingthe EWBT and
hydrophilic adhesivesystemsn comparisonwith the control group. Groups
receiving the hydrophilic adhesivesin associationor not with the EWBT
presentedsurvival rates greater than 90%. Longer evaluation periods are
necessaryo properlyaddresshe possiblereferreddifferencesesultedfromthe
reportedlaboratorial advantage®n the EWBT.Future evaluationsare granted
due to the reported more stable formed hybrid layer, resultedfrom improved
monomerimpregnationand also due to the capacity of EWBT to preventthe
phaseseparationof adhesive$32], andthusimprovingbondstrengthovertime
[39].

Ethanol is an organic solventthat displaceswater moleculeswithin
dentinmatrix and presentshigher evaporationcapacitythat leadsto facilitated
monomersmpregnation[40]. Theassociatiorbetweerdentinmatrix treatedby
EWBT and the ethanol from the ScotchbondUniversal Adhesivemay have
facilitated the impregnation of resin monomersto hybrid layer formation,
resultingin a stablebonding.Further recall visitsare grantedto possiblydetect
the beforehanddescribedpositiveinfluenceon the hybrid layer formation and
stability. Althoughthe literature statesthat increasedoermeabilityof monomers
may increasetoxicity potential and compromisethe longevity of restorations
[40], no clinical adversereports were observedin the presenttrial after 18
months.

Theuniversaladhesiveemployedn associatiorwith the EWBTpresents

10-MDP, componenthat favorstheinteractionof the adhesivecomponentsvith
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calciumfrom hydroxyapatiteof the dentin[41]. This interaction decreaseshe

dissolutionrate of Ca-salt formedand helpsmaintaning the bondinginterface
durability overtime [42]. Besidesthat, the associationbetweenthe applied
ethanoland the ethanol from the adhesivecompositionmay have aid proper
infiltration of resin monomersinto the dentin matrix resulting in difficult

hydrolysisovertime.Althoughsimilar resultswere detected amongthe three
groups receiving hydrophilic monomers, the chemical interaction may
positivelyinfluencefutureresults.Consideringthe possiblebenefitsof Universal
adhesivegeasyhandling, chemicalbonding,and possiblefacilitated monomer
infiltration), resultslongerrecallsmayindicateits usewith the EWBT.

The EWBT was initially proposedin associationwith hydrophobic
adhesivesdue to water removal from collagen matrix and proper collagen
encapsulation]eadingto a lesshydrophilic hybrid layer [24, 43] that hinders
hydrolysis.Although proper in vitro resultsfor the EWBT in associationwith
hydrophobicadhesivesre reported [17, 44], clinical evaluationafter 12 or 18
monhs recalls the EWBT did not lead to significant differenceswith success
ratesgreaterthan91%[21-23]. Thoseresultsmaybe dependenbn the useof a
formulatedhydrophobicprimer, in which the bondwasdilutedto 10 or 50 w%
in ethanol [21-23]. Those previous clinical data are similar to the use of
hydrophilic systemsan our study.On the opposite,the use of a commercially
available hydrophobicadhesiveed to lower succesgatesin comparisonwith
all othergroups.Theviscosityof the hydrophobicadhesivemayhaveinfluenced
monomerinfiltration into the demineralizeddentin, and consequentlya less
stablehybrid layer wasformedsincefewer collagenfibers were protected[27].
This fact might be related to the gradual lossesobservedfor EB group at all
evaluatedperiodsin the presentstudy.Lack of retentionin the hydrophobic
group was distributed within all evaluatedperiods, highlighting the fact that

improper adhesivepenetration might have happenedin several degrees.In
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considerationto adhesve impregnation, studies using diluted hydrophobic
monomergprior to hydrophobicnonomeiapplicationresultedin properclinical
succesgates [22, 23]. Moreover,laboratorial data might not havetakeninto
considerationthe dentin fluid flux from the pulp, and such scenarioin the
clinical reality might also haveinfluencedthe worst clinical succes®bserved,
especiallyconsideringthe hydrophobicgroup. The previouslyreporteddiluted
hydrophobicprimer (dilution of the bond)is not commercialavailable with no
accessto clinicians, thus being a barrier for its use within the approach.In
addition,for EB wasobservedrogressivdailure rate at 6, 12 and 18 months.
Basedon the results of this trial, after 18 monthsof follow up, the EWBT
combinedwith the hydrophobicadhesivepresentedower retentionrateswhen
comparedo the other groups.Moreover,the EWBTwith hydrophilicadhesives
presentedsimilar results(p>0.290)to control group, basedon this, EWBTmay
not be necessaryo improveretentionrate clinically. Consideringthat seltetch
adhesivesare preferred for dentin bonding [45], the researchgroup is also
assessindghe combinationof EWBT and universaladhesiveon selfetchmode,
for possibleinteractionsbetweerthe smearlayerandEWBT.

The importanceof the presentdata relatesto the fact that the results
werenot in favor to the original EWBTfrom 6 monthsto 18 monthsfollow up.
Future recalls are required to validate this statement.Furthermore, the
treatmentsuccessnay be directly affectedby the thicknesdayer of adhesives,
adhesiveviscosityand wettability. For the malocclusionof patients,a balanced
distribution of failed and succeedestorationsregarding the presence/absence
of wearfacetswasdetected Table3), suggestinghat characteristicmighthave

notinfluencedheresults.

Conclusions

EWBT in associationwith hydrophilic strategiespresentedadequate
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retentionratesat 6, 12 and 18 months All hydrophilicgroupsregardlessEWBT
were similar to control. However,EWBT associatedto hydrophobicadhesive
(third step of the threestep etchandrinse adhesive)should have limited

indicationdueto lower clinical performancenbservedat all evaluatedoeriods.
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24 Artigo T SouzaMY, Andrade JL, Bresciani E. A técnica da dentina
umida por etanol influencia as propriedades adesivasde restauracdes?/
Does the ethanolwetbonding influence the adhesiveproperties of dental

restorations?A systematiadeviewand metanalysi$

RESUMO

Objetivos: Uma revisaosistematicacom metanalis€oi realizadaparaavaliara
eficacia da técnica da dentina umida em etanol (EWBT) no sucessoda
restauracace na resisténciade unido a dentina. Métodos: Foi realizadauma
buscaabrangentesemrestricbesno bancode dadosMEDLINE (via PubMed,
Scopus,Webof ScienceLiteraturalLatino-Americanae do Caribeem Ciéncias
da Saude(LILACS), Biblioteca Brasileirade Odontologia(BBO), Biblioteca
Cochranee Literatura cinzentana Europa (SIGLE), paraidentificar ensaios
clinicos randonizados e estuas laboratoriais. A metanalisefoi realizada
utilizando modelosde efeitos fixos ou aleatériospara os estudosclinicos e
laboratoriais,respectivamenteDados: Apos a remocédode duplicatas,1254
artigosforamidentificados.Apos triagemde titulo e resumg 3 estudosclinicos
e 21 estudoslaboratoriais permaneceramDois estudoslaboratoriaisforam
excluidos, enquanto 19 estudos permanecerampara analise qualitativa.
Nenhumadiferencaentre prétratamentosaguaou EWBT foi observadana
analisedosestudostlinicos. Foi observadaimadiferencasignificativanaforca
deunidofavorecendatécnicaimidapor agua,guandocomparad@omEWBT,
para os estudos laboratoriais Conclusdes:Para estudos clinicos, ndo foi
observadaliferencaentreastécnicasEWBT e agua. Paraestudodaboratoriais,
menorfor¢a de unido a dentinafoi detectadaindependentementdo modode
aplicacdoda EWBT. A associacdaoccom clorexidina ou o uso de adesivos
autocondicionantemesultouem resultadosemelhantesntreos grupos.Paraos
demaisparametrosavaliadosa abordagemimida em dguaapresentoumaiores
resultadosle uniao.

Palavraschave:Dentina.Colagemdentaria.Etanol. Sistemasadesvos. Revisao
sistematica.

*Artigo elaboradale acordocomasnormasdo PeriddicoJournal of Dentistry(Print versionlISSN03005712).
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ABSTRACT

Objectives:A systematigeviewwith metanalysisvasperformedto evaluatethe
effectivenessof ethanolwetbonding technique (EWBT) on the restoration
successand on the bond strengthto dentin. Methods:A comprehensiveearch
wasperformedwithoutrestrictionson MEDLINE (via PubMed),ScopusWebof
ScienceLatin Americanand CaribbeanHealth Scienced.iterature database
(LILACS), Brazilian Library in Dentistry (BBO), CochranelLibrary, and the
Systemfor information on Grey Literature in Europe (SIGLE), to identify
randomizedclinical trials and laboratory studies.Metanalysiswas conducted
using fixed or random effectsmodelsfor the clinical and laboratorial studies,
respectively. Data: After the removal of duplicates, 1254 articles were
identified. After title and abstractscreening3 clinical trials and 21 laboratory
studiesremained.Two laboratorial studieswere further excluded whereasl19
studiesremainedfor qualitative analysis.No differencebetweenpretreatments,
water or EWBT, was observedfor the clinical trials analysis. A significant
differencein the bondstrengthfavoringwaterwetapproachwasobservedvhen
comparedwith the EWBT in laboratorial studies.Conclusions:For clinical
trials, no differencebetweenEWBT and waterwet approacheswvas observed.
For laboratory studies,lower bond strengthto dentinwas detectedyegardless
the EWBTmodeof application. Theassaiation with chlorhexidineor the useof
selftetch adhesivegesultedin similar results betweengroups. For the others
parameters evaluated, the water wet approach presentedgreater bonding
results.

Keywords:Dentin Dentalbonding.Ethanol AdhesivesSystematiceview
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1. Introduction

AdhesiveDentistry has advancedmainly on the strategiesregarding the
adhesivesystemsapplication. The first strategyis basedon the smearlayer
removal, which is referred to as the etchandrinse approach . A second
strategydepend®n modifyingthe smearayer, whichaimsto incorporateit into
the adhesivelayer. This strategyis referred as the seltetch approach. In
addition, other strategyavailable consistson selectiveenameletchingand self
etch on the dentin substrate.This approach may be used with selfetch or
universaladhesivesheingthoselast referredas multi-modé >.

Dental tissues present different amount of organic and inorganic
componentson the enameland dentin substratey fact that influencesthe
adhesionpattern of adhesivesAdditionally, adhesiveinterface still undergoes
degradationovertimeand consequentlyhe resin restorationsmay fail after a
short lifespart. In an attemptto preventthe interface degradationand to
increas the restorationslifespan,additional measuresvere proposed.Someof
the approachesreported in the literature are the addition of chlorhexidine
(CHX) into adhesive§ formulation of experimentaladhesive® use of matrix
metalloproteasg MMPs) inhibitors®, and the ethanol wet bonding technique
(EWBTY®.

Basedon the laboratorial studiesthat evaluatedthe EWBT, it is reported

that this pretreatmenimight extendthe longevityof resiri dentinbonding,once
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theresinmonomeinfiltration is improvedand consequentlya hybrid layer with
betterquality is formed™*2 After EWBT, it is reportedthat the excesf water
from substratas removedanda hydrophobicdentincollagenmatrix is created,
which decreaseshe interfacedegradationt’. Two protocolshavebeenreported
for applying the EWB,; the progressive technique, in which the ethanol
saturation is obtained using increasing concentrations; and the simplified
techniquejn whichthe ethanol100%is appliedwith a singleapplication®.

Few clinical studieshaveevaluatedthe EWBTas a dentin pretreatment”
8 and divergent results were found. Moreover, many laboratory studies
evaluatedthe effectivenessf EWBT on the bond strengthto dentin,and while
not consideringthe heterogeneityf methodssuch asthe modeof applicationof
adhesive¥, associationwith CHX""'*", differentmodeof light polymerizing®, or
cariesaffecteddentin” *°, somestudiesconcludedthere is an improvemenof
bondstrengthafter EWBT.

Basedon available literauture, the effectivenes®f EWBT is unclear. In
addition, clinical decisionmaking proceduresshould be basedon scientific
information, once studiesare continually published on new techniquesand
restorativematerials. EvidencebasedDentistry is an approachto oral health
care requiring the judicious integration of systematiassessmentsf clinically
relevantscientificevidence Systematiceviewsand metanalysisare considered

to bethehighestlevelof evidencesupportingevidencebaseddecisionmaking.
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Theefore, the aim of this study was to determinewhether there are
evidencebased differencesin the successrate of NCCLs restorations after
EWBT and on the bond strengthto dentin.In face of the controversialresults
publishedin the literature, the aim of this systematiaeview with metanalysis
was to answer the following PICO question (population, intervention,
comparisonand outcome): Does the successrate of NCCLs restorationsis
increasedatfter ethanolwetbonding techniquewhen comparedto water wet?
Doesthe bond strengthto dentinis increasedafter EWBT whencomparedto
controlgroup?

2. Material and Methods
ProtocolandRegistration

This studyprotocol wasregisteredat the International ProspectiveRegister
of SystematicReviews(PROSPERO- CRD42018103065and followed the
recommendationsf the PreferredReportingltemsfor Systematidikeviewsand
Meta-AnalysePRISMA)statemenfor report®.
Inclusionand ExclusionCriteria

Theinclusioncriteria were definedaccordingto the researchqueston and
PICO strategy(Patienti teethwith NCCLsor dentinspecimenstnterventioni
restorationsperformedwith EWBT;Comparisori adhesiverotocolswith etch

andrinse or selfetch adhesives; Outcome i retention rate of NCCLs
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restorationsor bond strergth to dentin), taking into accountclinical trials and
laboratory studieshat evaluatedhe EWBT.

Studiesthat assessetboth EWBT simplified or progressivewereincludedin
this review.Clinical trials that evaluatedhe successate of NCCLsrestoratins
were included. Laboratory studieswith different adhesiveprotocols, EWBT,
aging processespresencef hydrophobicprimer and differentmechanicakests
in whichevaluatedhe bondstrengthwith dentinwerealsoincluded.

The inclusion and exclusion criteria were establishedby a consensus
reachedfrom all researcherafter discussiongconsideringthe researchquestion
andtheobjectivesof the study.

Literature searchstrategy

Severelectronicdatabase¢MEDLINE via PubMed,ScopusWebof Science,
Latin Americanand CaribbeanHealth Scienced.iterature databasgLILACS),
Brazilian Library in Dentistry (BBO), CochranelLibrary and the Systemfor
information on Grey Literature in Europe (SIGLE)) were searchedfrom their
inception to May 2019. Appropriate mesh terms were used and the search
strategyadaptedfor eachof the databasesThe structuredsearchstrategyand

dataextractionwereconductedy twoindependenéxaminergFigure 1).



Figure 1 - Electronicdatabaseand searchstrategyfor eachdatabae

Pubmed (May 2019 - 2099 articles)

(CCCCC((Tooth Wear[MeSH Terms]) OR Tooth Wear[Title/Abstract]) OR Dental Wear[Title/Abstract]) OR Tooth
Erosion[Title/Abstract]) OR Eroded| Title/Abstract]) OR Dental Erosion[Title/Abstract]) OR NCCL|[Title/Abstract])
OR Class V[Title/Abstract]) OR Non carious cervical lesion*[Title/Abstract]) OR Cervical lesion*[Title/Abstract])
OR Noncarious cervical lesion*[Title/Abstract]) OR Tooth Cervix[MeSH Terms]) OR Cementoenamel
Junction*[Title/Abstract]) OR CEJ[Title/Abstract]))
AND
(CCC((((Dental Cements[MeSH Terms]) OR Dental Cements[Title/Abstract]) OR Dental
Adhesive*[Title/Abstract]) OR Luting Agent*|Title/Abstract]) OR Dental Cement|Title/Abstract]) OR Dentin
Bonding Agents[Title/Abstract]) OR Adhesives|[MeSH Terms]) OR Adhesives[Title/Abstract]) OR
Glue*[Title/Abstract]) OR Dental Bonding[MeSH Terms]) OR Dental Etching[MeSH Terms]) OR Ethanol[MeSH
Terms]) OR Ethanol[Title/Abstract]) OR Ethyl Alcohol[Title/Abstract]) OR Absolute Alcohol[Title/Abstract]) OR
dentin pretreatment[ Title/Abstract])

Scopus (Filter: Dentistry; May 2019 - 1353 articles

(TITLE-ABS-KEY ("Tooth Wear" OR "Dental Wear" OR "Tooth Erosion" OR eroded OR nccl OR "Class V" OR
"Cervical lesions" OR "Noncarious cervical lesions" OR "Tooth Cervix" OR "Cementoenamel Junctions" OR cej))
AND

(TITLE-ABS-KEY ( "Luting Agent" OR "Dental Cement" OR "Dentin Bonding Agents" OR adhesives OR glue OR
"Dental Bonding" OR "Dental Etching" OR ethanol OR "dentin pretreatment"))

Web of Science (May 2019 - 975 articles)
TS=("Luting Agent" OR "Dental Cement" OR "Dentin Bonding Agents" OR adhesives OR glue OR "Dental
Bonding" OR "Dental Etching" OR ethanol OR "dentin pretreatment");

TS=("Tooth Wear" OR "Dental Wear" OR "Tooth Erosion" OR eroded OR nccl OR "Class V" OR "Cervical lesions"
OR "Noncarious cervical lesions" OR "Tooth Cervix" OR "Cementoenamel Junctions" OR cej)
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Lilacs and BBO (May 2019 - 63 articles)

(“Desgaste dos Dentes” OU “Desgaste Dental” OU “Erosdo Dental” OU “Erosdo” OU LCNC OU “Classe V” OU
Lesdo cervical ndo cariosa* OU Lesdo cervical* OU “Colo do Dente” OU Jungio Cemento esmalte* OU JCE) E
(“Cimentos Dentais” OU Adesivo Dental* OU Agente de Cimentacdo™ OU “Cimento Dental” OU “Agentes de
Unido Dentinarios” OU Adesivos OU Cola* OU “Unido Dentaria” OU “Condicionamento Dental” OU Etanol OU
“Alcool Etilico” OU “Alcool Absoluto” QU “pré-tratamento dentinario”);

(“Desgaste de los Dientes™) O “Desgaste Dental” O “Erosion Dental” O “Erosion” O LCNC O “Clase V” O Lesion
cervical no cariosa™ O Lesion cervical®* O “Colo del diente” O Juncion cemento esmalte® O JCE E (“Cementos
Dentales™) O Adhesivo Dental* O Agente de Cimentacion* O “Cemento Dental” O “Agentes de Union Dentales” O
Adhesivos O Cola* O “Union Dental” O “Acondicionamiento dental” O Etanol O “Alcohol Etilico” O “Alcohol
Absoluto” O “pretratamiento dentinario™.

Cochrane Library (May 2019 - 1495 articles)

#1Tooth Cervix; #2 "Cementoenamel Junction*"; #3 CEJ
#4 #1 or #2 or #3
#5 Tooth Wear; #6 "Tooth Wear"; #7 "Dental Wear"; #8 "Tooth Erosion"; #9 "Eroded"; #10 "Dental Erosion"; #11
"NCCL"; #12 "Class V"; #13 "Non carious cervical lesion*"; #14 "Cervical lesion*"; #15 "Noncarious lesions";
#16 #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15
#17 #4 or #16
#18 Dental Cements; #19 "Dental Cements"; #20 "Dental Adhesive®"; #21 "Luting Agent*"; #22 "Orthodontic
Adhesive*"; #23 "Dental Cement"; #24 "Dentin Bonding Agents";
#25 #18 or #19 or #20 or #21 or #22 or #23 or #24
#26 Adhesives; #27 Adhesives; #28 "Glue*";
#29 #26 or #27 or #28
#30 Dental Bonding; #31 Dental Etching; #32 Ethanol; #33 "Ethanol"; #34 "Ethyl Alcohol"; #35 "Absolute
Alcohol"; #36 "dentin pretreatment”;
#37 #32 or #33 or #34 or #35 or #36

#38 #25 or #29 or #30 or #31 or #37
#39 #17 and #38
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StudySelectiorand Data CollectionProcess

Duplicateswere then removedin a two-step procedure.Firstly, a specific
tool from EndNoteto removeduplicateswas used.Due to differencesin the
indexationprocessof articlesin the differentdatabasesnot all duplicateswere
removed. Thus, a second step was performed, the selectedarticles were
alphabeticallyorganizedby title and duplicatescould be identifiedandremoved
manually. Articles were further screenedby title and abstract taking into
accownt the eligibility criteria. Then, full-text from selected articles was
obtained and two reviewers(M.Y.S and E.B.) classified those that met the
inclusion criteria. Relevantinformation about the study design, participants,
interventions,and outcomeswere extractedusing customizedextractionforms
by the authorsindependentlyConcernng aging, data that representedonger
recall for clinical trials or laboratory studiesandno agingwereused.

Assessmendf risk of bias

Risk of bias for clinical trials was evaluatedaccording to the following
parameters: sequencegeneration, allocation, blinding of participants and
personnel blinding of outcomeassessmenincompleteoutcomedata, selective
reportingandotherbias.

For laboratory studiesthe risk of bias was evaluatedaccording to the
following parameters: materials used according to the manufactured s

instructions, samples with similar dimensions, similar pattern on testing
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machine(crossheadspeed) plinding of the operatorof the testingmachine the
presencef a control group.

If the authorsreportedthe parameter,the article receiveda 6 y dos that
parameter;if it wasnot possibleto find the information,the article receivedan
0 u n c laeda any type of bias wasfoundthe article receiveda 0 n Artitles
that properly reported5 to 6 itemswereclassifiedas havinga low risk of bias,
thosethat reported4 or 3 itemswere consideredo havea mediumrisk of bias,
andthosethatreportedl to 2 itemswereclassifiedashavinga high riskof bias.

3. Results
StudySelection

After the databasescreeningand removalof duplicates, 1254 studieswere
identified. After title screening,281 studiesremained,and this numberwas
reducedto 22 (19 laboratorial and 3 clinical) after abstractsanalysis.(Figure

2)



Figure 2 - Flowchart of studyidentification
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Mostincludedstudieswerejudgedas havingan low risk of biasfor clinical

trials (Table 1) and for laboratory studies(Table 2). Most of parametersnot

properly reported receivedan unclear classification.Only one clinical study

receiveda highrisk of biasdueto inconsistencyvith previouslyreporteddata.

Tablel 1 Riskofbiasfor clinical trials included

BLINDING OF
CLINICAL SEQUENCE ALLOCATION PARTICIPANTS BI&)??(%?[S F HE&%%L\EETE SELECTIVE | OTHER
TRIALS GENERATION | ° T AND ASSESSMENT DAT. _\ REPORTING BIAS
PERSONNEL : o
Mortazavi,
2012 ?
Barros 2016

Souza, 2019

Low risk of bias;

Unclear risk of bias; . High risk of bias



Table21 Riskof biasfor laboratorystudiesincluded

STUDIES

MATERIALS USED
ACCORDING TO THE
MANUFACTURER'S
INSTRUCTIONS

SPECIMENS WITH
SIZE
STANDARDIZED

SAMPLE SIZE
CALCULATION

SIMILAR PATTERN
ON TESTING
MACHINE

BLINDING OF THE
OPERATOR OF THE
TESTING MACHINE

CONTROL
GROUP

Aggarwal, 2016

?

Ahn, 2015

?

Duan, 2011

?

?

Ekambaram, 2014

Faria-e-Silva, 2012

=2

Huang, 2011

Kuhn, 2015

Fang Li, 2011

Li. 2016

Nagpal, 2015

Pei. 2012

Sadek, 2010

Sadek. 2010a

ic)

Sadek. 2010b

Sauro, 2011

-3

Simdes, 2014

Souza, 2018

Yang, 2016

Yesilyurt, 2015

. Low risk of bias;

Unclear risk of bias; @) High risk of bias

Theforestplot for all laboratory studiesand eachvariableis representedn

Figure31to 10.




Figure 31 Forestplot for all laboratorystudiesncluded

Experimental Control Standardised Mean

Study Total Mean SD Total Mean sSD Difference SMD 95%—-Cl Weight
Aggarwal, 2016 12 52.00 4.7000 12 41.40 2.8000 = 2.65 [1.50; 3.79] 0.8%
Aggarwal, 2016 12 23,60 2.2000 12 25.40 3.0000 -0.66 [-1.49; 0.17] 0.9%
Ahn, 2015 21 36.60 51000 21 24.70 5.2000 227 [1.48; 3.06] 0.9%
Ahn, 2015 21 19.20 6.1000 21 14.00 2.0000 112 [0.47; 1.78] 0.9%
Ahn, 2015 21 17.60 3.1000 21 11.30 2.3000 226 [1.47; 3.05] 0.9%
Ahn, 2015 21 27.70 5.5000 21 24.20 3.9000 0.72 [0.09 1.35] 0.9%
Ahn, 2015 21 26.70 57000 21 20.20 4.3000 1.26 ; 1.93]  0.9%
Ahn, 2015 21 36.30 4.5000 21 30.80 4.0000 1.27 ; 1.94]  0.9%
Ahn, 2015 21 35.40 4.4000 21 28.10 3.1000 1.62 2; 2.33] 0.9%
Ahn, 2015 21 36.60 51000 21 29.80 3.0000 1.59 89; 2.30] 0.9%
Ahn, 2015 21 17.60 3.1000 21 29.80 3.0000 - -3.92 -2.85] 0.8%
Ahn, 2015 21 19.20 6.1000 21 29.80 3.0000 -2.16 [-2.94; -1.39]  0.9%
Ahn, 2015 21 27.70 55000 21 29.80 3.0000 -0.47 i 0.15] 0.9%
Ahn, 2015 21 26.70 57000 21 29.80 3.0000 -0.67 [-1.29; -0.04]  0.9%
Ahn, 2015 21 36.30 4.5000 21 29.80 3.0000 1.67 [0.96; 2.38] 0.9%
Ahn, 2015 21 3540 4.4000 21 29.80 3.0000 1.46 [0.77; 2.15] 0.9%
Duan, 2011 43 19.81 3.0400 43 1571 2.9100 1.37 [0.89; 1.84] 0.9%
Duan, 2011 43 22.44 33200 43 11.28 3.4000 3.29 [263; 3.95] 0.9%
Duan, 2011 43 19.23 1.8600 43 10.73 2.9800 3.39 [272; 4.06] 0.9%
Ekambaram, 2014a 12 51.78 3.9000 12 25.24 4.1000 6.40 [4.27; B.54] 0.6%
Ekambaram, 2014a 12 40.83 57000 12 51.78 3.9000 — -2.16 [-3.21; -1. 0.8%
Ekambaram, 2014a 12 40.83 5.7000 12 18.27 4.0000 —_=— 4.42 [2.84; 6.01)] 0.7%
Ekambaram, 2014a 12 52,99 4.4000 12 26.64 3.8000 —=— 6.19 [4.11; 8.26] 0.6%
Ekambaram, 2014a 12 50.37 4.1000 12 26.56 1.9000 7.19 [4.83; 9.56] 0.6%
Ekambaram, 2014a 12 33.61 4.2000 12 20.52 3.6000 = 3.23 [1.95 4.51] 0.8%
Ekambaram, 2014a 12 2878 36000 12 3361 4.2000 -1.19 [-2.07; -0.31] 0.9%
Ekambaram, 2014a 12 28.78 3.6000 12 8.03 3.1000 —— 596 [395 7.98] 0.7%
Ekambaram, 2014a 12 33.93 3.3000 12 23.45 4.8000 E 3 2.46 [1.35 3.56] 0.8%
Ekambaram, 2014a 12 31.76 5.2000 12 19.06 3.5000 = 277 [1.59; 3.94 0.8%
Ekambaram, 2014a 12 31.76 5.2000 12 33.93 3.3000 -0.48 [-1.29; 0.33] 0.9%
Ekambaram, 2014a 12 33.61 4.2000 12 51.78 3.9000 —-— —4.33 [-5.89; -2.77] 0.7%
Ekambaram, 2014a 12 28,78 3.6000 12 40.83 5.7000 = -2.44 : 0.8%
Ekambaram, 2014a 12 33.93 3.3000 12 52.99 4.4000 = -4.73 0.7%
Ekambaram, 2014a 12 31.76 5.2000 12 50.37 4.1000 = | -3.84 0.8%
Faria—e-Silva, 2012 5 10.80 4.8000 5 9.10 6.2000 £ 0.28 [-0.97; 1.53] 0.8%
Faria—e—Silva, 2012 5 22,90 5.5000 5 18.80 8.9000 .- 0.50 [-0.77; 1.77] 0.8%
Faria-e-Silva, 2012 5 22.20 7.5000 5 20.30 4.6000 0.28 [-0.97; 1.53] 0.8%
Faria-e-Silva, 2012 5 11.80 5.9000 5 14.30 5.2000 -0.41 [-1.67; 0.85] 0.8%
Faria-e-Silva, 2012 5 22.10 10.8000 5 17.10 6.9000 0.50 [-0.77; 1.77] 0.8%
Faria—e-Silva, 2012 5 13.70 10.7000 5 18.20 7.4000 -0.44 [-1.71; 0.82] 0.8%
Faria—e—Silva, 2012 5 10.80 4.8000 5 22.20 7.5000 —1.64 [-3.18; -0.09] 0.7%
Faria—e-Silva, 2012 5 22.90 5.5000 5 15.00 2.9000 1.62 [0.08; 3.16] 0.7%
Faria-e-Silva, 2012 5 18.40 2.3000 5 13.30 5.4000 1.11 [-0.28; 2.50] 0.8%
Faria—e-Silva, 2012 5 11.80 5.9000 5 14.80 7.8000 -0.39 [-1.65; 0.87] 0.8%
Faria—e—Silva, 2012 5 22.10 10.8000 5 18.20 6.6000 0.41 [-0.85; 1.67] 0.8%
Faria-e-Silva, 2012 5 13.70 10.7000 5 14.50 6.5000 -0.08 [-1.32; 1.16] 0.8%
Huang, 2011 15 32,02 3.8000 15 35.50 3.5500 [-1.68; -0.16] 0.9%
Huang, 2011 15 165.31 20300 15 3550 3.5500 [-8.77; -4.82] 0.7%
Huang, 2011 15 18.10 3.0000 15 35.50 3.5500 3.58] 0.7%
Kuhn, 2015 20 31.50 8.1000 20 25.10 6.5000 [0.20; 1.50] 0.9%
Kuhn, 2015 20 21.00 4.0000 20 31.00 8.0000 [-2.27; -0.83] 0.9%
Fang Li, 2011 8 37.30 8.6000 8 32.40 8.3000 0.55 [-0.46; 1.55] 0.8%
Fang Li, 2011 8 19.30 3.9000 8 37.30 8.6000 -2.55 [-3.96; -1.14]  0.8%
Fang Li, 2011 8 30.20 7.8000 8 27.20 6.8000 0.39 [-0.61; 1.38] 0.8%
Fang Li, 2011 8 17.00 3.9000 8 30.20 7.8000 -2.02 [-3.29; -0.75] 0.8%
Fang Li, 2011 8 31.50 6.9000 8 27.80 6.8000 0.51 [-0.49; 1.51] 0.8%
Fang Li, 2011 8 16.70 3.1000 8 31.50 6.9000 -2.62 [-4.05; -1.18]  0.8%
Li, 2016 3 65.03 4.7800 3 51.79 4.4100 2.30 [-0.44; 5.04] 0.5%
Li, 2016 3 53.44 5.3100 3 41.07 3.9000 212 [-0.48; 4.73] 0.6%
Li. 2016 3 67.27 4.4400 3 52.06 4.2400 + 2.80 [-0.34; 5.95] 0.5%
Li, 2016 3 49.49 4.3400 3 31.28 3.5200 R 3.69 [-0.22; 7.59] 0.4%
Li, 2016 3 32.07 3.4100 3 18.07 3.0500 3.46 [-0.24; 7.17] 0.4%
Li, 2016 3 651.09 4.2200 3 32.06 3.1500 4.09 [-0.17; 8.35] 0.3%
Li, 2016 3 62.80 4.3200 3 49.15 3.9100 2.65 [-0.37; 5.67] 0.5%
Li. 2016 3 50.03 3.5900 3 37.88 3.3500 2.80 [-0.34; 5.94] 0.5%
Li, 2016 3 63.75 4.3300 3 49.19 3.7800 2.87 [-0.33; 6.06] 0.5%
Li, 2016 3 46.68 4.2400 3 29.18 3.0400 3.79 [-0.20; 7.79] 0.4%
Li, 2016 3 29.40 3.2700 3 16.73 3.1200 3.17 [-0.28; 6.63] 0.4%
Li, 2016 3 47.03 4.6200 3 30.72 3.6500 3.13 [-0.29; 6.56] 0.4%
Li. 2016 3 62.93 4.4000 3 49.24 3.6300 272 [-0.36; 579] 0.5%
Li, 2016 3 50.32 4.2500 3 38.11 3.7800 - 2.43 [-0.41; 527] 0.5%
Li, 2016 3 84.62 4.7900 3 50.50 4.1400 i 2.52 [-0.39; 5.44] 0.5%
Li. 2016 3 46.92 3.7200 3 2065 3.5200 3.82 [-0.20; 7.83] 0.4%
Li, 2016 3 30.70 3.4100 3 17.97 2.9900 3.8 [-0.28; 6.63] 0.4%
Li, 2016 3 48.85 4.5900 3 30.85 3.4800 3.54 [-0.23; 7.31] 0.4%
Nagpal, 2015 10 24.57 5.4500 10 21.71 5.5800 050 [-0.40; 1.39] 0.9%
Nagpal, 2015 10 25.31 6.3000 10 12.23  3.4600 2.46 [1.24; 3.69] 0.8%
Nagpal, 2015 10 23.77 5.6300 10 22.74 3.5300 0.21 [-0.67; 1.09] 0.9%
Nagpal, 2015 10 22.96 3.8800 10 13.15 5.1600 2.06 [0.93; 3.19] 0.8%
Pei, 2012 9 19.94 3.4000 9 20.23 1.9700 -0.10 [-1.02; 0.83] 0.8%
Pei, 2012 9 2046 3.4900 9 20.23 1.9700 0.08 [-0.85; 1.00] 0.8%
Pei, 2012 9 21.55 2.4100 9 20.23 1.9700 0.57 [-0.38; 1.52] 0.8%
Pei, 2012 9 22.49 25500 9 20.23 1.9700 0.94 [-0.04; 1.93] 0.8%
Pai, 2012 9 17.56 3.5600 9 228 51000 331 [1.78; 4.84] 0.7%
Pei, 2012 9 19.48 3.4100 9 228 5.1000 3.78 [2.10; 5.45] 0.7%
Pei, 2012 9 21,99 2.2600 9 2.28 6.1000 4.76 [2.77. 6.75] 0.7%
Pei, 2012 9 24.40 3.9300 9 228 5.1000 4.63 [268; 6.57] 0.7%
Sadek, 2010 7 45.80 7.2000 7 44.20 3.5000 0.26 [-0.79; 1.32] 0.8%
Sadek, 2010 7 46.80 5.1000 7 41.30 8.1000 — 0.76 [-0.34; 1.86] 0.8%
Sadek, 2010 7 44.20 7.8000 7 32.60 7.1000 - 1.46 [0.23; 2.68] 0.8%
Sadek, 2010 7 43.60 5.5000 7 30.50 8.0000 - 1.79 [048; 3.09] 0.8%
Sadek, 2010 7 45.80 7.2000 7 42.30 7.4000 = 0.45 [-0.62; 1.51] 0.8%
Sadek, 2010 7 46.80 5.1000 7 42060 5.2000 = 0.76 [-0.34; 1.86] 0.8%
Sadek, 2010 7 44.20 7.8000 7 31.50 4.3000 = 1.89 [055 3.22] 0.8%
Sadek, 2010 7 43.60 5.5000 7 28.80 8.3000 - 1.97 [0.61; 3.32] 0.8%
Sadek, 2010 7 46.80 5.1000 7 45.80 7.2000 0.15 [-0.90; 1.20] 0.8%
Sadek, 2010 7 44.20 7.8000 7 45.80 7.2000 -0.20 [-1.25; 0.85] 0.8%
Sadek, 2010a 5 45.60 5.9000 5 41.20 3.3000 0.83 [-0.49; 2.16] 0.8%
Sadek, 2010a 5 40.00 3.1000 5 41.20 3.3000 -0.34 [-1.59; 0.92] 0.8%
Sadek, 2010a 5 35.50 4.3000 5 41.20 3.3000 -1.34 [-2.80; 0.11] 0.8%
Sadek, 2010a 5 34.60 5.7000 5 41.20 3.3000 -1.28 [-271; 0.15] 0.8%
Sadek, 2010a 52470 4.9000 5 41.20 3.3000 -3.57 [-5.93; -1.21]  0.6%
Sadek, 2010a 5 43.10 3.2000 5 38.30 4.0000 - 1.20 [-0.21; 2.61] 0.8%
Sadek, 2010a 5 38,60 3.2000 5 38.30 4.0000 = 0.07 [-1.17: 1.32] 0.8%
Sadek, 2010a 5 33.70 7.1000 5 38.30 4.0000 - -0.72 [-2.03; 0.58] 0.8%
Sadek, 2010a 5 2590 4.1000 5 38.30 4.0000 —— |} -2.77 [-4.76; -0.78] 0.7%
Sadek, 2010a 5 18.20 4.2000 5 38.30 4.0000 —= |} -4.43 [-7.21; -1.64] 0.5%
Sadek, 2010b 15 43.70 7.4000 15 40.60 2.5000 [-0.18; 1.28] 0.9%
Sadek, 2010b 15 43.70 7.4000 15 6.60 5.7000 [393 7.30] 0.7%
Sadek, 2010b 15 39.80 2.7000 15 43.70 7.4000 [-1.42; 0.06] 0.9%
Sadek, 2010b 15 39.80 2.7000 15 27.50 3.3000 [2.68; 5.26] 0.8%
Sauro, 2011 10 20.20 17.5000 10 4.70 10.8000 [0.07; 1.96] 0.8%
Sauro, 2011 10 25.90 14.1000 10 4.90 7.9000 [0.69; 2.83] 0.8%
Sauro, 2011 10 27.30 17.0000 10 5.90 10.4200 [0.44; 2.46] 0.8%
Sauro, 2011 10 19.10 10.0000 10 10.30 16.1000 [-0.27; 1.53] 0.9%
Simoes, 2014 9 20.86 7.0900 9 28.77 11.0200 [-1.78; 0.16] 0.8%

Ses, 2014 9 19.28 0.6800 9 19.37 6.7400 [-0.93; 0.91] 0.8%

Ges, 2014 9 19.69 12.0500 9 21.38 7.2700 [-1.09; 0.76] 0.8%

Ges, 2014 9 27.01 17.8600 9 24.43 8.0100 [-0.75; 1.10] 0.8%
Simées, 2014 9 21.22 9.9700 9 17.47 6.6200 [-0.51; 1.36] 0.8%
Simoes, 2014 9 26.86 18.7800 9 19.12 B8.8700 [-0.44; 1.44] 0.8%
Souza, 2018 10 21.20 2.5300 10 19.23  1.5700 [-0.03; 1.83] 0.8%
Souza, 2018 10 22,19 21200 10 17.34 1.1600 [1.43; 4.00] 0.8%
Souza, 2018 10 20.88 1.5900 10 9.83 0.5300 [572;12.14] 0.5%
Souza, 2018 10 22.91 1.9700 10 14.58 1.0300 [3.11; 7.04] 0.7%
Souza, 2018 10 20.88 1.5900 10 21.20 2.5300 [-1.02; 0.73] 0.9%
Souza, 2018 10 22,91 1.9700 10 22.19  2.1200 [-0.56; 1.22] 0.9%
Yang, 2016 10 33.00 7.0000 10 34.00 5.0000 [-1.04; 0.72] 0.9%
Yang, 2016 10 30.00 7.0000 10 25.00 4.0000 [-0.08; 1.76] 0.8%
Yesilyurt, 2015 4 43.52 13.0000 4 34.41 14.0000 [-0.86; 2.03] 0.8%
Yesilyurt, 2015 4 2479 9.0000 4 19.16 8.0000 [-0.87; 2.02] 0.8%
Yesilyurt, 2015 4 41.58 12.0000 4 41.62 9.0000 [-1.39; 1.38] 0.8%
Yesilyurt, 2015 4 24.97 5.0000 4 17.92 7.0000 [-0.54; 2.56] 0.7%
Random effects model 1356 1356 [0.49; 1.11] 100.0%

Heterogensity: 1% = 90%, t? = 2.7255, p < 0.01
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Figure 41 Forestplot for the laboratory studiesgroupedby microtensile

(MTBs)or shearbondstrength(SBS)ests

Experimental Control Standardised Mean
Study Total Mean SD Total Mean sD Difference sSMD 95%—C1 Weight
Aggarwal, 2016 12 52.00 4.7000 12 41.40 2.8000 265 [1.50; 3.79] 0.8%
Aggarwal, 2016 12 23.60 2.2000 12 2540 3.0000 =0.66 [-1.49; 0.17] 0.9%
Ahn, 2015 21 36.60 5.1000 21 24.70 5.2000 3 1.48; 0.9%
Ahn, 2015 21 18.20 6.1000 21 14.00 2.0000 0. 0.9%
Ahn, 2015 21 17.60 3.1000 21 11.30 2.3000 1. 0.9%
Ahn, 2015 21 27.70 5.5000 21 24.20 3.9000 o 0.9%
Ahn, 2015 21 26.70 5.7000 21 20.20 4.3000 0. 0.9%
Ahn, 2015 21 386.30 4.5000 21 30.80 4.0000 0. 0.9%
Ahn, 2015 21 3540 4.4000 21 29.10 3.1000 0 0.9%
Ahn, 2015 21 36.60 51000 21 29.80 3.0000 0. 0.9%
Ahn, 2015 21 17.60 3.1000 21 29.80 3.0000 . 0.8%
Ahn, 2015 21 19.20 6.1000 21 29.80 3.0000 0.9%
Ahn, 2015 21 27.70 5.5000 21 29.80 3.0000 0.9%
Ahn, 2015 21 26,70 57000 21 29.80 3.0000 0.9%
Ahn, 2015 21 38.30 4.5000 21 29.80 3.0000 0.9%
Ahn, 2015 21 3540 4.4000 21 29.80 3.0000 0.9%
Ekambaram, 2014a 12 51.78 3.9000 12 2524 4.1000 0.6%
Ekambaram, 2014a 12 40.83 5.7000 12 51.78 3.9000 0.8%
Ekambaram, 2014a 12 40.83 5.7000 12 18.27 4.0000 0.7%
Ekambaram, 2014a 12 52.99 4.4000 12 26.64 3.8000 0.6%
Ekambaram, 2014a 12 50.37 4.1000 12 26.56 1.9000 0.6%
Ekambaram, 2014a 12 33.81 4.2000 12 2052 3.6000 0.8%
Ekambaram, 2014a 12 28,78 3.6000 12 33.61 4.2000 0.9%
Ekambaram, 2014a 12 28.78 3.6000 12 8.03 3.1000 0.7%
Ekambaram, 2014a 12 33.93 3.3000 12 23.45 4.8000 0.8%
Ekambaram, 2014a 12 31.76 5.2000 12 19.06 3.5000 0.8%
Ekambaram, 2014a 12 31.76 5.2000 12 33.93 3.3000 0.9%
Ekambaram, 2014a 12 33.81 42000 12 51.78 3.9000 0.7%
Ekambaram, 2014a 12 28.78 3.6000 12 40.83 57000 0.8%
Ekambaram, 2014a 12 33.893 3.3000 12 52.99 4.4000 0.7%
Ekambaram, 2014a 12 31.76 5.2000 12 50.37 4.1000 0.8%
Huang, 2011 15 32.02 3.8000 15 35.50 3.5500 0.9%
Huang, 2011 15 15.31  2.0300 15 3550 3.5500 0.7%
Huang, 2011 15 18.10 3.0000 15 35.50 3.5500 0.7%
Kuhn, 2015 20 31.50 B.1000 20 2510 6.5000 0.9%
Kuhn, 2015 20 21.00 4.0000 20 31.00 8.0000 0.9%
Fang Li, 2011 & 37.30 8.6000 8 32.40 8.3000 0.8%
Fang Li, 2011 & 19.30 3.2000 8 37.30 8.6000 0.8%

8 30.20 7.8000 8 27.20 8.9000 0.8%

8 17.00 3.9000 8 30.20 7.8000 0.8%

8 31.50 6.8000 8 27.80 6.8000 0.8%

8 16.70 3.1000 8 31.50 6.8000 0.8%

3 65.03 4.7800 3 51.79 4.4100 0.5%

3 53.44 5.3100 3 41.07 3.9000 0.6%

3 B7.27 4.4400 3 52,06 4.2400 0.5%

3 49.49 4.3400 3 31.28 3.5200 [ 0.4%

3 32.07 3.4100 3 18.07 3.0500 [0 0.4%

3 51.08 4.2200 3 32,06 3.1500 [ 0.3%

3 62.80 4.3200 3 49.15 3.9100 [ 0.5%

3 50.03 3.5900 3 37.88 3.3500 [-0. 0.5%

3 63.75 4.3300 3 4919 3.7800 [ X 0.5%

3 48.88 4.2400 3 29.18 3.0400 [-0. B 0.4%

3 29.40 3.2700 3 16.73 3.1200 317 [-0.28; 6.63] 0.4%

3 47.03  4.6200 3 30.72 3.6500 3.13 [-0.29; 6.586] 0.4%

3 62.93 4.4000 3 49.24 3.6300 2.72 [-0.36; 5.79] 0.5%

3 50.32  4.2500 3 38.11  3.7800 i 2.43 [-0.41; 5.27] 0.5%

3 64.62 4.7900 3 50.50 4.1400 H-=— 2.52 [-0.39; 5.44] 0.5%

3 48.92 3.7200 3 29.85 3.5200 3.82 (-0.20; 7.83] 0.4%

3 30.70 3.4100 3 17.97 2.9900 3.18 [-0.28; 6.83] 0.4%
Li, 2016 3 48.85 4.5900 3 30.85 3.4800 3.54 [-0.23; 7.31 0.4%
Sadek, 2010 7 45.80 7.2000 7 44.20 3.5000 = 0.26 [-0.79; 1.32] 0.8%
Sadek, 2010 7 46.80 5.1000 7 41.30 8.1000 0.76 [-0.34; 1.86] 0.8%
Sadek, 2010 7 44.20 7.8000 7 32.60 7.1000 ; 2.68] 0.8%
Sadek, 2010 7 43.80 5.5000 7 30.50 8.0000 . 3.09 0.8%
Sadek, 2010 7 45.80 7.2000 7 42.30 7.4000 ; 1.81 0.8%
Sadek, 2010 7 46.80 5.1000 7 42.60 5.2000 . 1.88] 0.8%
Sadek, 2010 7 44.20 7.8000 7 31.50 4.3000  3.22) 0.8%
Sadek, 2010 7 43.60 5.5000 7 28.80 8.3000 ; 3.32] 0.8%
Sadek, 2010 7 46.80 5.1000 7 45.80 7.2000 ;. 1.20] 0.8%
Sadek, 2010 7 44.20 7.8000 7 45.80 7.2000 . 0.85 0.8%
Sadek, 2010a 5 4560 5.9000 5 41.20 3.3000 ; 2.18] 0.8%
Sadek, 2010a 5 40.00 3.1000 5 41.20 3.3000 ; 0.92] 0.8%
Sadek, 2010a 5 35.50 4.3000 5 41.20 3.3000 ;011 0.8%
Sadek, 2010a 5 34.60 5.7000 5 41.20 3.3000 ; 0.15) 0.8%
Sadek, 2010a 5 24.70 4.9000 5 41.20 3.3000 1.21 0.6%
Sadek, 2010a 5 4310 3.2000 5 38.30 4.0000 2.861 0.8%
Sadek, 2010a 5 38.80 3.2000 5 38.30 4.0000 1 1.32) 0.8%
Sadek, 2010a 5 33.70 7.1000 5 38.30 4.0000 0.58] 0.8%
Sadek, 2010a 5 25.80 4.1000 5 38.30  4.0000 0.78] 0.7%
Sadek, 2010a 5 18.20 4.2000 5 38.30 4.0000 1.64] 0.5%
Sadek, 2010b 15 43.70 7.4000 15 40.60 2.5000 1.28] 0.9%
Sadek, 2010b 15 43,70 7.4000 15 5.60 5.7000 ; 7.30] 0.7%
Sadek, 2010b 15 39.80 2.7000 15 43.70 7.4000 0.08] 0.9%
Sadek, 2010b 15 39.80 2.7000 15 27.50 3.3000 ; 5.26] 0.8%
Sauro, 2011 10 20.20 17.5000 10 4.70 10.9000 . 1.98] 0.8%
Sauro, 2011 10 25.90 14.1000 10 4.90 7.9000 2.83] 0.8%
Sauro, 2011 10 27.30 17.0000 10 5.90 10.4200 5 2.46] 0.8%
Sauro, 2011 10 19.10 10.0000 10 10.30 16.1000 [ i 1.53] 0.9%
Simoes, 2014 9 20.86 7.0900 9 28,77 11.0200 =0.81 [=1.78, 0.18] 0.8%
Simées, 2014 9 18.28 8.6800 9 19.37 57400 ] -0.01 [-0.93; 0.91 0.8%
Simées, 2014 9 18.69 12.0500 9 21.38 7.2700 = -0.16 [-1.09, 0.78] 0.8%
Simoes, 2014 9 27.01 17.8600 9 24.43 8.0100 4 0.18 [-0.75; 1.10] 0.8%
Sim&es, 2014 9 21.22 9.9700 9 17.47 6.6200 = 0.42 [-0.51; 1.36] 0.8%
Simses, 2014 9 26.86 18.7800 9 19.12 8.8700 0.50 [~0.44; 1.44] 0.8%
Souza, 2018 10 21.20 2.5300 10 19.23 1.5700 0.90 [-0.03; 1.83] 0.8%
Souza, 2018 10 2219 21200 10 17.34 1.1800 2.72 [1.43; 4.00] 0.8%
Souza, 2018 10 20.88 15900 10 9.83 0.5300 8.93 [5.72; 12.14] 0.5%
Souza, 2018 10 22.91 1.9700 10 14.58 1.0300 508 [3.11; 7.04] 0.7%
Souza, 2018 10 20.88 1.5000 10 21.20 2.5300 ~0.15 [-1.02; 0.73] 0.9%
Souza, 2018 10 22,91 1.9700 10 22.19 2.1200 0.34 [-0.55; 1.22] 0.9%
Yang, 2016 10 33.00 7.0000 10 34.00 5.0000 =0.16 [=1.04; 0.72] 0.9%
Yang, 2016 10 30.00 7.0000 10 25.00 4.0000 0.84 [-0.08; 1.78] 0.8%
Yesilyurt, 2015 4 43,52 13.0000 4 34.41 14.0000 0.598 [-0.86; 2.03] 0.8%
Yesilyurt, 2015 4 24.79 9.0000 4 18.16 8.0000 0.57 (-0.87; 2.02] 0.8%
Yesilyurt, 2015 4 41.58 12.0000 4 41.62 9.0000 -0.00 [-1.39; 1.38] 0.8%
Yesilyurt, 2015 4 24.97 5.0000 4 17.92 7.0000 1.01 [-0.54; 2.56] 0.7%
Duan, 2011 43 19.81 3.0400 43 1571 2.9100 0.9%
Duan, 2011 43 22.44 33200 43 11.28 3.4000 0.9%
Duan, 2011 43 19.23 1.8600 43 10.73 2.9800 0.9%
Faria—e-Silva, 2012 5 10.80 4.8000 5 9.10 8.2000 0.8%
Faria—e—Silva, 2012 5 22.80 5.5000 5 18.80 8.9000 0.8%
Faria—e-Silva, 2012 5 22.20 7.5000 5 20.30 4.6000 0.8%

5 11.80 5.9000 5 14.30 5.2000 0.8%

5 22.10 10.8000 5 17.10 6.9000 0.8%

5 13.70 10.7000 5 18.20 7.4000 0.8%

5 10.80 4.8000 5 2220 7.5000 0.7%

5 22.80 5.5000 5 15.00 2.9000 0.7%
Faria—e—Silva, 2012 5 18.40 2.3000 5 13.30 5.4000 0.8%
Faria—e-Silva, 2012 5 11.80 5.9000 5 14.80 7.8000 0.8%
Faria—e—Silva, 2012 5 22.10 10.8000 5 18.20 5.6000 0.8%
Faria—e—Silva, 2012 5 13.70 10.7000 5 14.50 6.5000 0.8%
Nagpal, 2015 10 2457 5.4500 10 21.71  5.5800 0.9%
Nagpal, 2015 10 25.31 6.3000 10 12.23  3.4800 0.8%
Nagpal, 2015 10 23.77 56300 10 2274 3.5300 0.9%
Nagpal, 2015 10 22.96 3.8800 10 13.15 5.1600 0.8%
Pei, 2012 9 19.94 3.4000 9 20.23 1.9700 0.8%
Pei, 2012 9 20.46 3.4900 9 20.23 1.9700 0.8%
Pei, 2012 9 21.85 2.4100 9 20.23 1.9700 0.8%
Pei, 2012 9 22.49 25500 9 20.23 1.9700 0.8%
Pei, 2012 9 17.56 3.5600 9 228 51000 0.7%
Pei, 2012 9 19.48 3.4100 9 2.28 5.1000 0.7%
Pei, 2012 9 21.99 2.2600 9 2.28 51000 0.7%
Pei, 2012 9 24.40 3.9300 9 2.28 5.1000 0.7%
Random effects model 1356 1356 0.80 [0.49; 1.11] 100.0%

Heterageneity: 17 = 90%, 1% = 2,7255, p < 0.01
Residual heterogeneity: 1% = 90%, p < 0.01 -10
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Figure 51 Forestplot for the laboratory studiesgroupedby mode of

applicationof EWBT
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Figure 6 i Forestplot for the laboratory studiesgroupedby mode of

applicationof adhesivesystem

Experimental Control Standardised Mean
Study Total Mean SD Total Mean sD Difference sSMD 95%-Cl Weight
Aggarwal, 2016 12 52.00 47000 12 41.40 2.8000 —_— 2.65 [1.50; 3.79] 0.8%
Aggarwal, 2016 i2 23.60 22000 12 2540 3.0000 L] -0.66 [-1.49; 0.17] 0.9%
Ahn, 2015 21 36.60 51000 21 24.70 5.2000 2.27 [1.48; 3.06] 0.9%
Ekambaram, 2014a 12 51.78 39000 12 2624 4.1000 —_— 6.40 [4.27; 8.54] 0.6%
Ekambaram, 2014a 12 40,83 57000 12 51.78 3.9000 e -2.16 [-3.21; -1 0.8%
Ekambaram, 2014a 12 40.83 57000 12 18.27 4.0000 = 4.42 [2.84 0.7%
Ekambaram, 2014a 12 52,99 44000 12 26.64 3.8000 —-— B8.19 [4.11; 0.6%
Ekambaram, 2014a 12 50.37 4.1000 12 26.56 1.9000 - 7.19 [4.83; 0.6%
Ekambaram, 2014a i2 33.61 4.2000 12 20.52 3.6000 - 3.23 [1.95 0.8%
Ekambaram, 2014a 12 28,78 36000 12 33.61 4.2000 = -1.19 [-2.07; 0.9%
Ekambaram, 2014a 12 2878 36000 12 803 3.1000 e 5.96 [3.95 0.7%
Ekambaram, 2014a 12 33.93 3.3000 12 23.45 4.8000 - 246 [1. 0.8%
Ekambaram, 2014a 12 31.76 52000 12 19.06 3.5000 = 277 | 0.8%
Ekambaram, 2014a 12 31.76 52000 12 33.93 3.3000 ~0.48 [-1. 0.9%
Ekambaram, 2014a 12 33.61 42000 12 51.78 3.9000 — -4.33 [-5. 0.7%
Ekambaram, 2014a i2 28,786 36000 12 40.83 5.7000 - ~2.44 [-3. 0.8%
Ekambaram, 2014a 12 33.93 33000 12 52.99 4.4000 --— -4.73 [-6. . 0.7%
Ekambaram, 2014a 12 31.76 52000 12 50.37 4.1000 —_— -3.84 [-5.27; -2.41]  0.8%
20 31.50 81000 20 2510 6.5000 0.85 [ . 0.9%

20 21.00 4.0000 20 31.00 8.0000 | -1.55 [-2.27; —0.83]  0.9%

9 19,94 3.4000 9 2023 1.9700 [ ] -0.10 [~ 0.8%

9 20.46 3.4900 9 2023 1.9700 = 0.08 [ 0.8%

9 21.55 24100 9 2023 1.9700 3 0.57 [~ 0.8%

9 22.49 25500 9 2023 1.9700 - 0.94 [ 0.8%

9 17.56 3.5600 9 228 51000 a3 [ 0.7%

9 19.48 3.4100 9 228 51000 aze [ 0.7%

9 21.99 22600 9 228 5.1000 476 [ 0.7%

9 24.40 3.9300 9 228 51000 483 [ 0.7%

7 45.80 7.2000 7 44.20 3.5000 0.26 [ 0.8%

7 46.80 5.1000 7 41.30 8.1000 0.76 [~ 0.8%

7 44.20 7.8000 7 32.60 7.1000 1.46 [ 0.8%

7 4360 55000 7 30.50 8.0000 179 [ 0.8%

5 45.60 59000 5 41.20 3.3000 0.83 [ 0.8%

5 40.00 3.1000 5 41.20 3.3000 -0.34 [~ 0.8%

5 35.50 4.3000 5 41.20  3.3000 ~1.34 [~ 0.8%

5 34.60 57000 5 41.20 3.3000 -1.28 [- 0.8%

5 24.70 4.9000 5 41.20 3.3000 -3.57 [-5.9 0.6%

5 4310 3.2000 5 38.30 4.0000 1.20 [~ 0.8%

5 38.60 3.2000 5 3830 4.0000 0.07 [~ 0.8%

5 33.70 7.1000 5 38.30  4.0000 -0.72 |- 0.8%

5 25.90 4.1000 5 38.30 4.0000 -2.77 [-4 0.7%

5 18.20 4.2000 5 3830 4.0000 ~4.43 [-7. 0.5%

15 43.70 7.4000 15 40.60 2.5000 0.55 [ 0.9%

15 43,70 74000 15 560 57000 | — 5.61 [ 0.7%

15 39.80 27000 15 43.70 7.4000 -0.68 [- 0.9%

15 39,80 27000 15 27.50 3.3000 |i == aa7 [ 0.8%

9 20.86 7.0900 9 28.77 11.0200 = -0.81 |- 0.8%

. 9 19.28 9.6800 9 19.37 5.7400 E -0.01 [~ 0.8%
Simoes, 2014 9 19.69 12.0500 9 21.38 7.2700 = 018 [~ 0.8%
Simées, 2014 9 27.01 17.8600 9 24.43 8.0100 — 018 [ 0.8%
Simoes, 2014 9 21.22 99700 9 17.47 6.6200 - 0.42 [ 0.8%
Simoes, 2014 9 26.86 18.7800 9 19.12 8.8700 - 0.50 [ 0.8%
Ahn, 2015 21 19.20 61000 21 14.00 2.0000 : 112 [o 0.9%
Ahn, 2015 21 17.60 31000 21 11.30 2.3000 226 [1 0.9%
Ahn, 2015 21 27.70 55000 21 24.20 3.9000 - 072 [0 0.9%
21 26,70 57000 21 2020 4.3000 = 1.26 [0 0.9%

21 36.30 4.5000 21 30.80 4.0000 1.27 [0 0.9%

21 3540 4.4000 21 29.10 3.1000 E 162 [0 0.9%

21 36.60 51000 21 29.80 3.0000 1.59 [0 0.9%

21 17.60 3.1000 21 29.80 3.0000 = -3.92 [-4. 0.8%

21 19.20 61000 21 29.80 3.0000 ~2.186 [-2 0.9%

21 27.70 5.5000 21 29.80 3.0000 -0.47 [- 0.9%

21 26,70 57000 21 29.80 3.0000 -0.67 [-1. 0.9%

21 36.30 4.5000 21 29.80 3.0000 . 1.67 [O. 0.9%

21 3540 4.4000 21 29.80 3.0000 - 1.48 [0 0.9%

43 19.81 3.0400 43 1571 2.9100 137 [0 0.9%

43 22.44 33200 43 11.28 3.4000 i 329 [2. 0.9%

43 19.23  1.8600 43 10.73 2.9800 339 [2 0.9%

5 10.80 4.8000 5 910 6.2000 0.28 [-0. 0.8%

Faria—e-Silva, 2012 5 22.90 55000 5 18.80 8.9000 0.50 [-0. 0.8%
Faria—e—Silva, 2012 5 22.20 7.5000 5 2030 4.6000 0.28 [-0. 0.8%
Faria—e—Silva, 2012 5 11.80 59000 5 1430 5.2000 041 [-1 0.8%
itva, 5 22.10 10.8000 5 17.10 6.9000 0.50 [-0 0.8%
Faria—e—Silva, 2012 5 13.70 10.7000 5 18.20 7.4000 Q.44 [-1. 0.8%
Faria—e—Silva, 2012 5 10.80 4.8000 5 2220 7.5000 ~1.64 [-3 0.7%
5 22.90 55000 5 15.00 2.9000 162 [0 0.7%

5 18.40 23000 5 13.30 5.4000 1.11 [0 0.8%

5 11.80 5.9000 5 14.80 7.8000 -0.39 [-1 0.8%

5 22.10 10.8000 5 18.20  5.6000 0.41 [-0 0.8%

5 13.70 10.7000 5 14.50 6.5000 -o.08 [-1 ] 0.8%

15 32.02 3.8000 15 3550 3.5500 -0.92 [-1. ] 0.9%

15 15.31 20300 15 3550 3.5500 ~6.79 [-8. ] 0.7%

Huang, 2011 15 1810 3.0000 15 3550 3.5500 -5.15 [-6. ] 07%
Fang Li, 2011 8 37.30 8.6000 8 52,40 8.3000 0.55 [-0.46 ] 0.8%
Fang Li. 2011 & 19.30 3.9000 8 37.30 8.6000 -2.55 [-3.96; ] 0.8%
Fang Li, 2011 & 30.20 7.8000 8 27.20 6.9000 0.39 [-0.61; 1.38]  0.8%
Fang Li, 2011 8 17.00 3.9000 8 30.20 7.8000 -2.02 [-3.29, —0.75] 0.8%
Fang Li, 2011 & 31.50 6.9000 8 27.80 6.8000 0.51 [-0.49; 1.51 0.8%
Fang Li, 2011 & 16.70 3.1000 8 31.50 6.9000 -2.62 [-4.05, -1.18]  0.8%
Li, 2016 3 65.03 4.7800 3 51.79 4.4100 2.30 [-0.44; 5.04] 0.5%
Li, 2016 3 53.44 53100 3 41.07  3.9000 212 [-0.48; 4.73] 0.6%
Li. 2016 3 67.27 4.4400 3 52.06 4.2400 2.80 [-0.34; 5.95] 0.5%
Li, 2018 3 49.49 43400 3 31.28 3.5200 3.89 [-0.22; 7.59] 0.4%
Li. 2016 3 32.07 3.4100 3 18.07 3.0500 3.46 [-0.24; 7.17] 0.4%
Li, 2016 3 51.09 4.2200 3 32.06 3.1500 4.09 [-0.17; 8.35] 0.3%
Li. 2016 3 62.80 4.3200 3 4915 3.9100 He=— 2.65 [-0.37; 5.67] 0.5%
Li, 2018 3 50.03 3.5900 3 37.88 3.3500 2.80 [-0.34; 5.94] 0.5%
Li, 2016 3 63.75 4.3300 3 4919 3.7800 2.87 [-0.33; 6.06] 0.5%
Li. 2016 3 46.68 4.2400 3 2918 3.0400 3.79 [-0.20; 7.79] 0.4%
Li, 2018 3 2940 32700 3 16,73 3.1200 - 37 [~0.28; 6.63] 0.4%
Li, 2016 3 47.03 4.6200 3 3072 3.6500 313 [-0.29; 6.56] 04%
Li, 2016 3 62.93 4.4000 3 49.24  3.6300 2.72 [-0.36; 5.79] 0.5%
Li. 2016 3 50.32 4.2500 3 38.11 3.7800 He=— 2.43 [-0.41; 5.27] 0.5%
Li, 2018 3 64.62 4.7900 3 50.50 4.1400 e 262 [-0.39; 5.44] 0.5%
Li, 2016 3 46.92 3.7200 3 29.65 3.5200 3.82 [-0.20; 7.83] 0.4%
Li, 2016 3 30.70 3.4100 3 17.97 2.9900 3.18 [-0.28; 6.63] 0.4%
Li, 2018 3 48.85 4.5900 3 30,85 3.4800 3.54 [-0.23; 7.31] 0.4%
Nagpal, 2015 10 24.57 54500 10 21.71 5.5800 0.50 [-0.40; 1.39] 0.9%
Nagpal, 2015 10 25,31 63000 10 1223 3.4600 2.46 [1.24; 3.69] 0.8%
Nagpal, 2015 10 23.77 56300 10 22.74 3.5300 0.21 [-0.67: 1.09] 0.9%
Nagpal, 2015 10 22,96 3.8800 10 13.15 5.1600 2.06 [0.93; 319] 08%
Sadek, 2010 7 45.80 7.2000 7 42,30 7.4000 0.45 [-0.62; 1.51] 0.8%
Sadek, 2010 7 46.80 5.1000 7 42.60 5.2000 0.76 [-0.34; 1.86] 0.8%
Sadek, 2010 7 44.20 7.8000 7 31,50 4.3000 1.89 [0.55; 3.22] 0.8%
Sadek, 2010 7 43.60 55000 7 28.80 8.3000 1.97 [0.61; 3.32] 0.8%
Sadek, 2010 7 46.80 5.1000 7 4580 7.2000 0.15 [-0.90; 1.20] 0.8%
Sadek, 2010 7 44.20 7.8000 7 45.80 7.2000 -0.20 [-1.25: 0.85] 0.8%
Sauro, 2011 10 20,20 17.5000 10 4.70 10.9000 1.02 [0.07; 1.96] 0.8%
Sauro, 2011 10 25.90 14.1000 10 4.90 7.9000 1.76 [0.69; 2.83] 0.8%
Saure, 2011 10 27.30 17.0000 10 5.90 10.4200 1.45 [0.44; 2.46] 0.8%
Sauro, 2011 10 19,10 10,0000 10 10.30 16.1000 0.63 [-0.27; 1.53] 0.9%
Souza, 2018 10 21.20 2.5300 10 19.23 1.5700 0.90 [-0.03; 1.83] 0.8%
Souza, 2018 10 20,88 1.5900 10 9.83 0.5300 8.93 [5.72;12.14]  0.5%
Souza, 2018 10 20.88 1.5900 10 21.20 2.5300 -0.15 [-1.02: 0.73] 0.9%
Yang, 2016 10 33.00 7.0000 10 34.00 5.0000 016 [-1.04; 0.72] 0.9%
Yang, 2016 10 30,00 7.0000 10 25.00 4.0000 0.84 [-0.08; 1.76] 0.8%
Yesilyurt, 2015 4 43.52 13.0000 4 34.41 14.0000 0.59 [-0.86; 2.03] 0.8%
Yesilyurt, 2015 4 2479 9.0000 4 1916 8.0000 0.57 [-0.87; 2.02] 0.8%
Yesilyurt, 2015 4 41.58 12.0000 4 41.62 9.0000 -0.00 [-1.39; 1.38] 0.8%
Yesilyurt, 2015 4 24.97 50000 4 17.92  7.0000 1.01 [-0.54; 2.56] 0.7%
Souza, 2018 10 2219 21200 10 17.34 1.1600 2,72 [1.43; 4.00] 0.8%
Souza, 2018 10 22.91 1.9700 10 14.58 1.0300 5.08 [3.11; 7.04] 0.7%
Souza, 2018 10 22,91 19700 10 2219 21200 0.34 [-0.55; 1.22] 0.9%
Random effects model_1356 1356 0.80 [0.49; 1.11] 100.0%

Heterogensity: 1 = 80%, t¥ = 2.7255, p < 0.01
Residual heterogeneity: 12 = 90%, p < 0.01 -10 -5 o 5 10
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Figure 71 Forestplot for thelaboratory studiesgroupedby the presence

or not of agingprocesson bondstrength

Experimental Centrol Standardised Mean
Study Total Mean SD Total Mean sD Difference sSMD 95%—Cl Weight
Aggarwal, 2016 12 52.00 4.7000 12 41.40 2.8000 265 [1.50; 3.79) 0.8%
Aggarwal, 2016 12 23.60 2.2000 12 2540 3.0000 —0.66 [-1.49; 0.17] 0.9%
Ahn, 2015 21 3660 51000 21 24.70 5.2000 2.2 1.48; 3.06] 0.9%
Ahn, 2015 21 19.20 6.1000 21 14.00 2.0000 1.12 [0.47; 1.78] 0.9%
Ahn, 2015 21 17.60 3.1000 21 11.30 2.3000 226 [1.47; 3.05] 0.9%
Ahn, 2015 21 27.70 5.5000 21 2420 3.9000 0.72 0.09; 1.35] 0.9%
Ahn, 2015 21 26.70 5.7000 21 20.20 4.3000 1.26 0.60; 1.93] 0.9%
Ahn, 2015 21 36.30 4.5000 21 30.80 4.0000 1.27 0.80; 1.94] 0.9%
Ahn, 2015 21 3540 4.4000 21 29.10 3.1000 | 162 [092; 2.33] 0.9%
Ahn, 2015 21 3660 51000 21 29.80 3.0000 1.58 [0.89; 2.30] 0.9%
Ahn, 2015 21 1760 3.1000 21 29.80 3.0000 - | -3.92 [-4.89; -2.85] 08%
Ahn, 2015 21 19.20 6.1000 21 29.80 3.0000 i —2.16 [-2.94; -1.39] 0.9%
Ahn, 2015 21 27.70 5.5000 21 29.80 3.0000 -0.47 [-1.08; 0.15]) 0.9%
Ahn, 2015 21 26.70 5.7000 21 29.80 3.0000 —0.67 [-1.29; -0.04] 0.9%
Ahn, 2015 21 36.30 4.5000 21 20.80 3.0000 | 1.67 [0.96; 2.38] 0.9%
Ahn, 2015 21 3540 4.4000 21 20.80 3.0000 = 1.46 [0.77; 2.15] 0.9%
Duan, 2011 43 19.81 3.0400 43 1571 29100 1.37 [0.89; 1.84] 0.9%
Duan, 2011 43 22.44 3.3200 43 11.28 3.4000 3 3.29 2.63; 3.95)] 0.9%
Duan, 2011 43 19.23 1.8600 43 10.73 2.9800 H 3.39 2.72; 4.08) 0.9%
Ekambaram, 2014a 12 51.78 3.9000 12 2524 41000 H —— 6.40 4.27; 8.54) 0.6%
Ekambaram, 2014a 12 5299 4.4000 12 26.64 3.8000 o —E— 619 [4.11; 8.26] 06%
Ekambaram, 2014a 12 3361 4.2000 12 20.52 3.6000 = 323 [195; 451] 08%
Ekambaram, 2014a 12 3393 3.3000 12 2345 4.8000 - 246 [135; 356] 08%
Faria—e-Silva, 2012 5 10.80 4.8000 5 910 6.2000 0.28 [(-0.897; 1.53) 0.8%
Faria—e-Silva, 2012 5 2290 5.5000 5 18.80 8.9000 0.50 [-0.77; 1.77) 0.8%
Fari. 2012 5 2220 7.5000 5 2030 4.6000 0.8%
, 2012 5 11.80 5.9000 5 14.30 5.2000 0.8%

. 2012 5 22.10 10.8000 5 17.10 6.9000 0.8%

. 2012 5 13.70 10.7000 5 18.20 7.4000 0.8%
Faria—e—Silva, 2012 5 10.80 4.8000 5 22,20 7.5000 0.7%
Faria—e-Silva, 2012 5 2290 5.5000 5 1500 2.9000 0.7%
Fari , 2012 5 1840 2.3000 5 13.30 5.4000 0.8%
, 2012 5 11.80 59000 5 14.80 7.8000 0.8%

, 2012 5 22.10 10.8000 5 1820 56000 0.8%

va, 2012 5 13.70 10.7000 5 14.50 65000 0.8%

15 32,02 3.8000 15 3550 3.5500 0.9%

15 1531 2.0300 15 3550 3.5500 - 0.7%

15 18.10 3.0000 15 3550 3.5500 —-— 0.7%

20 31.50 8.1000 20 2510 6.5000 0.9%

20 21.00 4.0000 20 31.00 8.0000 0.9%

37.30 8.6000 8 32.40 8.3000 0.8%

3 8 3020 7.8000 8 27.20 6.8000 0.8%

Fang Li, 2011 8 31.50 6.9000 8 27.80 6.8000 0.8%
Li, 2016 3 65.03 4.7800 3 51.79 4.4100 0.5%
Li, 2016 3 5344 5.3100 3 41.07 3.9000 0.6%
Li, 2016 3 67.27 4.4400 3 52.06 4.2400 0.5%
Li. 2016 3 62.80 4.3200 3 49.15 3.9100 0.5%
Li. 2016 3 50.03 3.5900 3 37.88 3.3500 0.5%
Li, 2016 3 B83.75 4.3300 3 4919 3.7800 d 0.5%
Li, 2016 3 6293 44000 3 4924 3.8300 0.5%
Li, 2018 3 50.32 4.2500 3 3811 3.7800 - : 0.5%
Li, 2016 3 64.62 4.7900 3 50.50 4.1400 ce— 252 [-0.39; 544] 0.5%
Nagpal, 2015 10 2457 54500 10 21.71 55800 = 0.50 [-0.40; 1.39] 0.9%
Nagpal, 2015 10 23.77 56300 10 22.74 3.5300 = 0.21 [-0.67; 1.08] 0.8%
Pel, 2012 9 19894 3.4000 9 2023 1.9700 = =0.10 [-1.02; 0.83] 0.8%
Pei, 2012 9 2046 3.4900 9 2023 1.9700 - 0.08 [-0.85; 1.00] 0.8%
Pei 9 21.55 2.4100 9 2023 1.9700 - 0.57 [-0.38; 1.52] 0.8%
Pei 9 2249 2.5500 9 2023 1.9700 0.94 [-0.04; 1.93] 0.8%
Pei 9 17.56 3.5600 9 228 5.1000 3.31 [1.78; 4.84] 0.7%
Pei, 9 19.48 3.4100 9 228 51000 3.78 [2.10; 545] 0.7%
Pei, 9 2199 22600 9 228 5.1000 476 [2.77. 8.75] 0.7%
Pei, 9 2440 3.9300 9 228 5.1000 4863 [268; 6857 0.7%
Sadek, 2010 7 45.80 7.2000 7 4420 3.5000 0.26 [-0.79; 1.32] 0.8%
Sadek, 2010 7 46.80 5.1000 7 41.30 8.1000 0.76 [-0.34; 1.86] 0.8%
Sadek, 2010 7 45.80 7.2000 7 42.30 7.4000 0.45 [-0.62; 1.51] 0.8%
Sadek, 2010 7 46.80 5.1000 7 4260 5.2000 0.76 [-0.34; 1.86] 0.8%
Sadek, 2010 7 46.80 5.1000 7 4580 7.2000 0.15 [-0.90; 1.20] 0.8%
Sadek, 2010a 5 4560 5.9000 5 41.20 3.3000 0.83 [-0.49; 2.16] 0.8%
Sadek, 2010a 5 40.00 3.1000 5 41.20 3.2000 -0.34 [-1.59; 0.92] 0.8%
Sadek, 2010a 5 35.50 4.3000 5 41.20 3.3000 —1.34 [-2.80; 0.11 0.8%
Sadek, 2010a 5 34.60 5.7000 5 41.20 3.3000 —1.28 [-2.71: 0.15] 0.8%
Sadek, 2010a 5 24.70 4.9000 5 41.20 3.3000 —3.57 [-5.93; -1.21 0.6%
Sadek, 2010b 15 43.70 7.4000 15 4060 2.5000 . 0.56 [-0.18; 1.28] 0.9%
Sadek, 2010b 15 4370 7.4000 15 580 S5.7000 i —- 5.61 [3.93; 7.30] 0.7%
Sauro, 2011 10 2020 17.5000 10 4.70 10.9000 1.02 [0.07; 1.96] 0.8%
Sauro, 2011 10 2590 14.1000 10 4.90 7.8000 1.76 [0.69; 2.83] 0.8%
Sauro, 2011 10 27.30 17.0000 10 5.90 10.4200 145 [0.44; 2.46] 0.8%
Sauro, 2011 10 19.10 10.0000 10 10.30 16.1000 == 0.63 [-0.27; 1.53] 0.9%
Simaes, 2014 9 20.86 7.0900 8 28.77 11.0200 | -0.81 [-1.78; 0.16]) 0.8%
Souza, 2018 10 21.20 2.5300 10 19.23  1.5700 0.90 [-0.03; 1.83] 0.8%
Souza, 2018 10 22,19 21200 10 17.34 1.1600 | - 272 [1.43; 4.00] 0.8%
Yang, 2016 10 33.00 7.0000 10 34.00 5.0000 » —0.16 [-1.04; 0.72] 0.9%
Yang, 2016 10 30,00 7.0000 10 25.00 4.0000 = 0.84 [-0.08; 1.76] 0.8%
Yesilyurt, 2015 4 43.52 13.0000 4 34.41 14.0000 - 0.59 [-0.86; 2.03] 0.8%
Yesilyurt, 2015 4 41.58 12.0000 4 41.62 9.0000 .- =0.00 [-1.39; 1.38] 0.8%
Ekambaram, 2014a 12 4083 57000 12 51.78 3.8000 —_— 0.8%
Ekambaram, 2014a 12 40.83 5.7000 12 18.27 4.0000 —- 0.7%
Ekambaram, 2014a 12 50.37 4.1000 12 26.56 1.9000 —— 0.6%
Ekambaram, 2014a 12 2878 3.6000 12 33.61 4.2000 = 0.9%
Ekambaram, 2014a 12 2878 3.6000 12 8.03 3.1000 —-— 0.7%
Ekambaram, 2014a 12 31.76 52000 12 19.06 3.5000 = 0.8%
Ekambaram, 2014a 12 31.76 52000 12 33.93 3.3000 0.9%
Ekambaram, 2014a 12 3361 4.2000 12 51.78 3.9000 - 0.7%
Ekambaram, 2014a 12 2878 3.8000 12 4083 S5.7000 - 0.8%
Ekambaram, 2014a 12 3393 3.3000 12 52.99 4.4000 —- 0.7%
Ekambaram, 2014a 12 3176 52000 12 50.37 4.1000 — 0.8%
Fang Li, 2011 8 19.30 3.8000 8 37.30 B8.6000 —_ 0.8%
Fang Li, 2011 8 17.00 3.9000 8 30.20 7.8000 — 0.8%
Fang Li, 2011 8 16.70 3.1000 8 31.50 6.89000 = 0.8%
Li, 2016 3 4949 4.3400 3 31.28 3.5200 0.4%
Li, 2016 3 32,07 3.4100 3 18.07 3.0500 0.4%
Li, 2016 3 51.09 4.2200 3 32,06 3.1500 0.3%
Li. 2016 3 46.68 4.2400 3 29.18 3.0400 0.4%
Li. 2016 3 2940 3.2700 3 16.73 3.1200 0.4%
Li, 2016 3 47.03 4.8200 3 3072 3.8500 0.4%
Li, 2016 3 4692 3.7200 3 2085 3.5200 0.4%
Li, 2018 3 30,70 3.4100 3 17.97 29900 X 0.4%
Li, 2016 3 48.85 4.5800 3 30.85 3.4800 3.54 [-0.23; 7.31] 0.4%
Nagpal, 2015 10 2531 63000 10 1223 3.46800 —_ 246 [1.24; 369] 0.8%
Nagpal, 2015 10 2296 38800 10 13.15 51600 — 0.8%
Sadek, 2010 7 4420 7.8000 7 3260 7.1000 Racn 0.8%
Sadek, 2010 7 43.60 5.5000 7 30.50 8.0000 - 0.8%
Sadek, 2010 7 4420 7.8000 7 31.50 4.2000 - 0.8%
Sadek, 2010 7 4360 55000 7 28.80 83000 —_— 0.8%
Sadek, 2010 7 4420 7.8000 7 4580 7.2000 = 0.8%
Sadek, 2010a 5 4310 3.2000 5 38.30 4.0000 0.8%
Sadek, 2010a 5 3860 3.2000 5 38.30 4.0000 - 0.8%
Sadek, 2010a 5 33.70 7.1000 5 3830 4.0000 - 0.8%
Sadek, 2010a 5 2590 4.1000 5 3830 4.0000 0.7%
Sadek, 2010a 5 18.20 4.2000 5 38.30 4.0000 0.5%
Sadek, 2010b 15 39.80 2.7000 15 43.70 7.4000 0.9%
Sadek, 2010b 15 39.80 2.7000 15 27.50 3.3000 0.8%
Simobes, 2014 9 19.28 9.6800 9 1937 5.7400 0.8%
Simbes, 2014 9 19.69 12.0500 9 2138 7.2700 0.8%
9 27.01 17.8800 9 2443 8.0100 0.8%

9 2122 9.9700 9 17.47 6.6200 0.8%

9 26.86 18.7800 9 19.12 8.8700 0.8%

10 2088 1.5800 10 9.83 0.5300 0.5%

10 2291 1.9700 10 14.58 1.0300 0.7%

10 20.88 1.5900 10 21.20 2.5300 0.9%

10 2291 1.9700 10 22.19 2.1200 0.9%

Yasilyurt, 2015 4 2479 9.0000 4 1916 8.0000 0.8%
Yesilyurt, 2015 4 2497 5.0000 4 17.92 7.0000 0.7%

Random effects model 1356 1358
Heterogeneity: 12 = 80%, 1% = 2 7265, p < 0.01
Residual heterogeneity: |1© = 80%, p < 0.01

0.80 [0.49; 1.11] 100.0%
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Figure 8 1 Forestplot for the laboratory studiesgroupedby the useor

not of CHX aspre-treatmentassociatedo EWBT







































