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RESUMO

EFEITO DA CONCENTRACAO DE AQIDO FLUORIDRICO NA CARG A PARA
FALHA EM FADIGA DE UMA CERAMICA FELDSPATICA CIMENTA DA

AUTORA: Andressa Borin Venturini
ORIENTADOR: Luiz Felipe Valandro

A presente tese é composta por dois artigos demgifque avaliaram a influéncia de
diferentes concentragfes de acido fluoridrico mgacpara falha em fadiga de coroas e discos
de ceramica feldspatica cimentados a um materialoga a dentina (resina epoxi). Para
tanto, oitenta coroas com geometria simplificadaitenta discos de ceramica feldspatica
(Vita Mark 11, Vita Zahnfabrik) foram divididos adoriamente, e a superficie interna de cada
coroa/disco foi tratada de acordo com um dos quatédodos de condicionamento de
superficie (n=20): sem condicionamento/controleRC)I ou condicionamento por 60 s com
diferentes concentracdes de acido fluoridrico: Hk1), 5% (HF5) ou 10% (HF10). A
superficie ceramica tratada recebeu a aplicac@mndagente de unido silano. A superficie de
cimentagdo dos preparos para coroas totais siogudis e dos discos (ambos em resina
epoxi) foram condicionados com acido fluoridric&d por 60 s seguido da aplicacdo de uma
camada de adesivo especifico do sistema de cindntApos os tratamentos de superficie, as
coroas e discos ceramicos foram cimentados adesintaraos respectivos preparos protéticos
e discos de resina epoxi, 0s quais foram submetid@sgas ciclicas em agua pelo método da
escada (500.000 ciclos, 20 Hz). Os dados de cargaf@lha em fadiga foram analisados pela
analise de variancia (ANOVA-1 fator) e testes dé&elu(@=0,05). Para as coroas ceramicas,
as cargas médias para falha em fadiga dos grupBs C#®5,0 + 15,1 N), HF1 (242,5 £ 24,7
N) e HF10 (255,7 + 53,8 N) foram estatisticamemmealhantes (P>0,05), enquanto que a
carga média do grupo HF5 (216,7 £ 22,5 N) foi digativamente inferior. Na condicéo de
discos cimentados, a carga de falha média do gHf® (255,0 £ 23,0 N) também foi
significativamente inferior; o grupo HF1 (301,7 0 N) apresentou valores intermediarios e
os valores mais altos foram alcancados nos grupéd.¢351,7 + 13,4 N) e HF10 (341,7 £
20,6 N). O condicionamento com acido fluoridrico &Xe um efeito deletério nos valores de
carga para falha em fadiga de coroas e discos démumma feldspatica cimentados
adesivamente, visto que o condicionamento com &tidoidrico 10% néao teve influéncia
negativa em ambas as condi¢des testadas (corissos)d

Palavras-chave: Acido Fluoridrico. Carregamento Ciclico. CeramicaldSpatica. Fadiga.
Tratamento de superficie.



ABSTRACT

EFFECT OF HYDROFLUORIC ACID CONCENTRATION ON THE FA TIGUE
FAILURE LOAD OF A CEMENTED FELDSPATHIC CERAMIC

AUTHOR: Andressa Borin Venturini
ADVISOR: Luiz Felipe Valandro

The present thesis is composed by two scientificlas that evaluated the influence of
different hydrofluoric acid concentrations on tlaidue failure loads of feldspathic ceramic
crowns and discs adhesively cemented to a denéilogme material (epoxy resin). Therefore,
eighty crowns with simplified geometry and eighgjdspathic ceramic discs (Vita Mark I,
Vita Zahnfabrik) were randomly allocated, and th&aglio surface of each crown/disc was
treated with one of the four surface conditioningtihhods (n=20): nonetched / control
(CTRL), or etched for 60 s with different hydroflim acid concentrations: 1% (HF1), 5%
(HF5), or 10% (HF10). The treated ceramic surfaeeeived the application of a silane
coupling agent. The cementation surface of singalitomplete crown preparations and discs
(both in epoxy resin) were etched with 10% hydrofia acid for 60 s and received a primer
coating specific to the cementation system. After surface treatments, the ceramic crowns
and discs were adhesively cemented to the respegatosthetic preparations and epoxy resin
discs, which were subjected to cyclic loads in watea staircase approach (500,000 cycles,
20 Hz). Fatigue failure load data were analyzedllway ANOVA and Tukey's testsuf
.05). For the ceramic crowns, mean failure loadgrolups CTRL (245.0 £ 15.1 N), HF1
(242.5 + 24.7 N) and HF10 (255.7 + 53.8 N) werdigtiaally similar (P>.05), while the mean
load of the HF5 group (216.7 + 22.5 N) was siguaifitty lower. In the condition of cemented
discs, mean failure load of the HF5 group (255ZB# N) was also significantly lower; HF1
group (301.7 £ 71.0 N) presented intermediate wlard the highest values were achieved in
CTRL (351.7 + 13.4 N) and HF10 (341.7 £ 20.6 N)ups. Etching with 5% hydrofluoric
acid had a deleterious effect on the fatigue faillmads of adhesively cemented feldspathic
ceramic crowns and discs, while etching with 10%arbffuoric acid had no negative
influence in both tested conditions (crowns ands)is

Keywords: Cyclic Loading. Fatigue. Feldspathic Ceramic. Hyldraric Acid. Surface treatment.
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1 INTRODUCAO

As ceramicas tém ganhado papel de destaque na dhmgat Restauradora por
satisfazerem a crescente exigéncia estética dosenpes (KELLY, 2004), pelo
desenvolvimento de materiais mais confidveis &atho de sistemas CAD/CAM (Computer
Aided Design/Computer Aided Machine). A longevidatdi@ica das restauracdes totalmente
ceramicas € dependente de uma combinacéo de fat@iegomo a durabilidade da unido
adesiva, a confiabilidade mecéanica do materialnce@ (GUESS et al., 2009), e as cargas
ciclicas as quais os materiais sdo submetidos quemduncédo (ZHANG et al., 2006).

Os blocos ceramicos pré-fabricados para usinagem satemas CAD/CAM
(Computer Aided Design/Computer Aided Machiséo confeccionados sob condicdes
industriais padronizadas e reproduziveis, consigtiem um material mais confiavel
estruturalmente e homogéneo devido a menores chaecmcorporacao de defeitos e poros
(GIORDANO, 2006). Dentre os blocos ceramicos dispeis, Vitablocs Mark Il (Vita
Zahnfabrik, BadSackingen, Alemanha) sdo produzidosy uma ceramica de estrutura
feldspética fina, e indicados para confeccdo detdacinlays/onlays coroas anteriores e
posteriores (VITA ZAHNFABRIK, 2012). Embora esseteral apresente uma resisténcia
flexural relativamente baixa de aproximadament®®@, possui elevado modulo de Weibull
(m=23,6) (TINSCHERT et al.,, 2000). Clinicamenteyaas monoliticas de Vita Mark I
apresentam taxas de sobrevivéncia semelhante @assoorm infraestrutura de Vita In Ceram
Spinell em um periodo 2 a 5 anos (BINDL; MORMANNI02). Além disso, essas coroas
(Vita Mark IlI) sao significativamente reforcadasr pmrocedimentos adesivos adequados
(BINDL; LUTHY; MORMANN, 2006).

Nesse sentido, a qualidade da unido estabelecida@ramica e cimento € um fator
que pode afetar a resisténcia a fratura de reg@esaceramicas (BINDL; LUTHY, H.;
MORMANN, 2006). Estudos que compararam cimentacd@@siga e convencional
demonstraram que coroas cimentadas adesivamertdasam cargas mais altas para fratura
(MORMANN et al., 1998; BINDL; LUTHY; MORMANN, 2006)Em um estudo clinico de
sobrevivéncia de coroas ceramicas vitreas (Didta)ament e Socranski (2001) observaram
que as coroas submetidas ao condicionamento apidgiamente a cimentagdo, tiveram
maior probabilidade de sobrevivéncia (75%) quandomparadas aquelas sem
condicionamento (43%), em um periodo superior ans.

O processo adesivo das ceramicas baseadas em(\dilieas) aos cimentos resinosos

parece estar bem estabelecido, visto que a unpdiopdrcionada pelo condicionamento com
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acido fluoridrico (HORN, 1983) e potencializadagoabente de unido silano (BRENTEL et
al., 2007). O condicionamento com &cido fluoridriealizado na superficie interna da peca
ceramica, ataca seletivamente a fase vitrea damumas, expondo oxidos de silica (9iCe
produzindo alteracdes topograficas que contribuara g retencdo micromecanica a materiais
resinosos (PHOENIX; SHEN, 1995; ROULET; DEGRANGE94; THORDRUP et al.,
1999). Esse condicionamento acido modifica a sigerfceramica em fungcdo da
concentracdo de acido fluoridrico utilizado e dmge de condicionamento (ADDISON;
MARQUIS; FLEMING, 2007b). Entretanto, grande pattes tensdes de tracao, responsaveis
pelo inicio da falha em coroas ceramicas, concers&na superficie de cimentagcdo da peca
ceramica, na qual o procedimento de condicionameitio € realizado (KELLY et al., 1990;
THOMPSON et al., 1994; QUINN et al., 2005; MAY &t 2012).

Embora o condicionamento com acido fluoridrico ppseena rugosidade de superficie
necessaria para criar retencdo micromecanica, asstind vitro tém relatado que esse
procedimento poderia enfraguecer o material ce@n{&ADDISON; FLEMING, 2004;
ADDISON; MARQUIS; FLEMING, 2007b; HOOSHMAND; PARVIE KESHVAD, 2008;
VENTURINI et al., 2015b). Em contrapartida, o candhamento com acido fluoridrico ndo
afetou a resisténcia a fratura de ceramicas vitgeamndo um procedimento adesivo foi
empregado apdés o condicionamento da superficie (¥EMI., 1993; PAGNIANO et al.,
2005; POSRITONG, et al., 2013). Além disso, essdoatambém é conhecido como um
produto quimico com efeitos extremamente perigagmsdo a sua toxicidade (OZCAN;
ALLAHBEICKARAGHI; DUNDAR, 2012), o que tem motivad@esquisadores a testar
concentragcdes mais baixas de acido fluoridrico.

Os estudos laboratoriais (YEN et al.,, 1993; ADDISORLEMING, 2004;
PAGNIANO et al., 2005; ADDISON; MARQUIS; FLEMING, @®7b; HOOSHMAND;
PARVIZI; KESHVAD, 2008; POSRITONG, et al., 2013; MEURINI et al., 2015b) que
avaliaram o efeito de diferentes regimes de coodainento (tempo e concentracdo de acido
fluoridrico) na resisténcia flexural de ceramicdiseas utilizaram testes monot6énicos com
espécimes na forma de barras ou discos. Testestdmicus consistem na aplicacao Unica de
carga crescente até a fratura do corpo de provsdoe amplamente utilizados para a
caracterizacdo de materiais e avaliacdo da infla&hevariaveis nas propriedades mecanicas.
Desta forma, os materiais ndo falham devido a uno daimulativo (fadiga), como ocorre
guando os materiais estdo em funcdo (SCHERRER, 08i3). Em contrapartida, os ensaios
de fadiga ciclica sdo testes complementares ac@osnsnonotonicos tradicionais, pois

reproduzem uma condicdo mais proxima ao cendrioicoli (WISKOTT; NICHOLLS;
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BELSER, 1995; MAY et al., 2015). Um dos ensaiosehdss na aplicacdo de carga ciclica é
o0 método da escada (“staircase method” ou “up amdndmethod”) que estabelece a
resisténcia a fadiga do material (valor de tenséajee a falha ocorrera apds um tempo de
vida especifico). Nesse método, um numero de cilpsé-determinado para aplicacdo de
uma carga inicial de magnitude inferior a tensdaxima suportada pelo material e,
dependendo da ocorréncia ou ndo de fratura, a éaaganentada ou diminuida, empregando-
se um incremento fixo nas fases seguintes (COLLINS3).

Portanto, os estudos laboratoriais citados antednte além de utilizarem apenas
ensaios monotdnicos, ndo levaram em consideragéitu@ncia da geometria da restauracéo
na distribuicdo de tensdes, nem o método de cdidedgs corpos-de-prova (KELLY, 1999).
Além disso, os procedimentos de cimentacdo e orwupgentinario (médulo de elasticidade
da dentina) ndo foram considerados na maioria destados. Até o presente momento, nao
h& estudos na literatura que tenham avaliado @éinéia de diferentes concentracdes de &cido
fluoridrico em espécimes de ceramica feldspatinzentados adesivamente e submetidos a
ensaios de fadiga ciclica, cujo contexto de tgstesenta maior relevancia clinica.

Ainda no sentido da influéncia da geometria daargs;do, alguns estudos (MAY et
al., 2012; ANAMI et al., 2015) validaram ensaiosrc@spécimes em forma de coroas
simplificadas, que dispensam o uso de uma complegomizacdo oclusal para avaliar
desfechos clinicos. Em relacdo a facilidade metmgyicd, Chen et al. (2014) utilizaram uma
metodologia de ensaio simplificada para simulagiicedtauracdes em dentes posteriores, no
qual discos ceramicos sdo cimentados adesivamediscas de um substrato analogo a
dentina obtendo-se uma espessura final de 3,5 ouiatente a espessura média da parede
pulpar a superficie oclusal. Entretanto, compama¢diEbre a eficdcia de simulacdo desse
método simplificado (disco sobre disco proposto@oen) em relacdo ao uso de restauracoes
na forma de coroas cimentadas nédo foram investigada

A fim de prever de maneira mais confiavel o comgoento mecéanico da superficie
ceramica apos os procedimentos de condicionamem &cido fluoridrico e cimentacao,
espécimes na forma de coroas e discos de cerashispética foram submetidos a ensaios de
fadiga ciclica em meio umido. Por consequénciaréat como a distribuicdo de tensdes,
propagacdo de trincas, e a interagcdo da populagaef@itos da ceramica com o cimento
resinoso serdo mais semelhantes a situacdo erdardliaicamente. Portanto, o presente
trabalho visa avaliar, através do método skaifcasé, o impacto do condicionamento com
acido fluoridrico e suas diferentes concentrac@esanga para falha em fadiga de coroas e de

discos de ceramica feldspética cimentados adesitange um material analogo a dentina.
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2 ARTIGO 1 - FATIGUE FAILURE LOAD OF FELDSPATHIC CE RAMIC
CROWNS AFTER HYDROFLUORIC ACID ETCHING AT DIFFERENT
CONCENTRATIONS

Publicado em The Journal of Prosthetic Dentistry’ISSN: 0022-3913, Fator de

impacto = 2.095; Qualis Al. As normas para pubflcagstao descritas no Anexo A.
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Fatigue failure load of feldspathic ceramic crownsfter hydrofluoric acid etching at

different concentrations

ABSTRACT

Statement of problem: Hydrofluoric acid etching modifies the cementatisarface of
ceramic restorations, which is the same surfacerevtiailure is initiated. Information
regarding the influence of hydrofluoric acid etahion the cyclic loads to failure of ceramic
crowns is lackingPurpose: The purpose of this in vitro study was to evaluate influence

of different hydrofluoric acid concentrations onetliatigue failure loads of feldspathic
ceramic crownsMaterials and Methods: Eighty feldspathic ceramic crowns were cemented
with resin cement to identical simplified complet®wn preparations machined in a dentin-
like polymer. The preparations were etched with I@¢drofluoric acid for 60 seconds and
received a primer coating. Before cementation|jriteglio of the ceramic crowns was treated
with 1 of 4 surface conditionings (n=20): noncoraied (control, CTRL), or etched for 60
seconds with different hydrofluoric acid concentmas: 1% (HF1), 5% (HF5), and 10%
(HF10). A silane coupling agent was applied on thisface of all crowns, which were
cemented to the preparations. Each crown was ejiglimaded in water with a G10 epoxy-
glass piston positioned in the center of the oatlaarface. Fatigue failure loads of ceramic
crowns were obtained by the staircase approach B0 000 cycles at 20 Hz. Mean failure
loads were analyzed by 1-way ANOVA and the Tukest {@e=.05). Results: Mean failure
loads of groups CTRL (245.0 +15.1 N), HF1 (242.31#2N), and HF10 (255.7 +53.8 N)
were statistically similar (P>.05), while that dfiet HF5 group (216.7 +22.5 N) was
significantly lower (P<.05)Conclusion: HF5 acid had a negative effect on the fatigue doad
of the tested feldspathic ceramic crowns, while HiFl HF10 acids did not change the

fatigue resistance.
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Clinical Implications

Hydrofluoric acid etching does not have a weakengfigct on resin-bonded feldspathic
ceramic crowns. However, the clinical use of 5%rbfidoric acid for etching this ceramic

should be considered carefully.
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1. INTRODUCTION

The long-term success of ceramic restorations tisrchened by the durability of the
adhesive bond and by the mechanical reliabilitthefceramic materidlCeramic restorations
are constantly subjected to cyclic loads in wetditbons, and the combination of these
factors has been identified as one of the mainesawd crack initiation and subsequent
growth, which may decrease the strength and inerdhe failure of the restorative
materials’?

Vitablocs Mark Il (Vita Zahnfabrik) are fine-struce feldspar ceramic blocks used to
produce inlays, onlays, veneers, and crowns withprder-aided design and computer-aided
manufacturing (CAD-CAM) systems. Industrially prepé ceramic blocks are more
structurally reliable materials for dental applioas, although the machining process may
induce flaws' Vita Mark Il has a relatively low flexural stretgbf 86.3 MPa, but it has a
high Weibull modulus (m=23.6)Clinically, complete crowns of Vita Mark |l showsiilar
survival rates to crowns with Vita In-Ceram Spinetpings over a period of 2 to 5 years.
Furthermore, appropriate bonding procedures camavepnot only the bond strength but also
the fracture strength of CAD-CAM crowfis.

During the bonding procedure, the intaglio surfatéldspathic ceramic restorations
should be etched with hydrofluoric acid to provitte necessary surface alterations and
surface roughness for mechanical interlocKirithese surfaces are further primed with a
silane coupling agent for chemical bonding of teeamic, silane, and resin ceméftThe
experimental evaluation of clinically failed comigeceramic crowns and finite element
analysis results suggests that the majority of lna&tures of single-unit crowns are initiated
from the intaglio of the ceramic (cementation scela where high tensile stresses develop

during cyclic loading®** and where hydrofluoric acid etching is perform&terefore, the
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internal surface characteristics of ceramic croaresbelieved to play a crucial role in their
probability of failure™

Although hydrofluoric acid etching modifies the agtio surface of ceramic
restorations to promote micromechanical interlogkithne impact of this acid on the ceramic
strength remains uncertain. It appears to have akeveng effect on glass cerantit¥®
because of the modification of the resident surféa® population’> with a progressive
increase in this effect as a function of the hylimric acid concentration used for etchiig?
With higher hydrofluoric acid concentrations, thecreased number of defects can be
attributed to newly introduced flaw8 If these flaws reach a critical size, they canppgate
on the internal surface and cause ceramic faillineis, the flaw distribution present in the
material is directly related to the fracture stbngf the ceramié® However, some studies
have reported that hydrofluoric acid in differet¢heng regimens did not negatively impact
the strength of ceramits’?and that unfilled resin or resin cement applicatiad a positive
effect on flexural strength after hydrofluoric aeitthing and silane treatméfi? minimizing
the influence of flaw$® The strengthening effect occurs as a consequehite anteraction
of the resin with the entire surface defect popoitéf and may depend on the behavior of the
resin penetrating the ceramic surfate.

In addition, this acid is also known as a chemw#h extremely hazardous effects
because of its toxicit§® Therefore, potential damage to health has motiveental research
to test low hydrofluoric acid concentratioffs.

The performance of complete ceramic crowns is deted by a complex
combination of factors including the material sedelc thickness, damage introduced,
adhesive/luting system used, tooth substrate (@atientin or foundation restoratfSh and
the fatigue response to complex loadifidn terms of failure prediction, cyclic mechanical

loads applied under wet conditions could simul&te damage accumulation that occurs in
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ceramic restorations in an oral environnigmind can lead to modes of crack initiation and
growth not seen under monotonic lodt$iowever, the authors are unaware of studies that
did not perform monotonic tests to evaluate theafbf hydrofluoric acid etching on the
ceramic surface, which can be less clinically ratévhan fatigue failure tests. Likewise, the
authors are unaware of studies that tested theeinfle of the restoration geometry on stress
distribution or the cementation effects, such asv/fthealing” by resin cement. In addition,
the influence of dentin elastic properties and thanufacturing method of the ceramic
specimens—related to population defects—need &iuoked. Currently, studies that replicated
clinical situations that have assessed the inflaevfchydrofluoric acid etching in different
concentrations on the fatigue failure loads of adiety cemented feldspathic ceramic crowns
are lacking.

Therefore, the purpose of this in vitro study wa®valuate the influence of different
hydrofluoric acid concentrations on the failuredsaf feldspathic ceramic crowns machined
by CAD-CAM systems using wet mechanical cyclic $eJiwo hypotheses were tested: acid
etching would not reduce the fatigue failure loadsomparison with untreated crowns, and

mean failure loads would not be influenced by tiffeiént hydrofluoric acid concentrations.

2. MATERIAL AND METHODS
The design of a simplified complete crown was agdpfrom one previously
developed by Gressler May et®&IThey observed that fractures were initiated frdma t
cementation surface of feldspathic crowns. Furtloeemthe lack of contact damage on the
loaded surface was attributed to the use of seftatpiston made from G10 epoxy glass.
Eighty identical dentin analog prosthetic preparai (preparation height=5.32 mm,
internal angle radii=0.5 mm, axial wall convergert@ degrees, cervical preparation

depth=1.2 mm, and round shoulder radii=0.5 mm) weaehined from 11 mm diameter rods
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of an epoxy-glass cloth (NEMA G10; InternationapB® in a mechanical lathe (Diplomat
3001; Nardini), as seen in Figure 1A. One G10 pmagpman was scanned, and the 3-
dimensional images were processed in CAD softw@EeREC in-Lab 3D, v4.1; Sirona
Dental Systems GmbH) with an occlusal cementatipaces of 60 um and an occlusal
thickness of 1.5 mm.

A CAM machine (CEREC inLab MC XL; Dentsply Sironaas used to mill ceramic
blocks (10x12x15 mm) (Vita Mark Il 4M2C/I112; Vitaaknfabrik) into identical crowns
using diamond rotary instruments and water. Foumninally identical pairs of diamond
instruments, each containing 1 cylindrical (Cylingeinted bur 12S; Dentsply Sirona) and 1
stepped pattern (Step bur 12S; Dentsply Sironaje wsed to generate 80 crowns. Each
rotary instrument set machined the sample sizeefeh group (n=20). The specimen
machining sequence (1 to 20) was recorded for eadividual crown, and they were
randomly assigned according to the same instrumgett using an online tool

(http://www.randomizer.orgy/ After machining, each crown was seated on igpeetive

preparation to evaluate the marginal fit. However,internal adjustment was needed in the
crowns. Nevertheless, their occlusal surface waished with silicon carbide grit (#600),
resulting in a final occlusal thickness of 1.5 H0idm. The preparations were cleaned in an
ultrasonic bath with distilled water for 3 minutesid the crowns were cleaned with isopropyl
alcohol for 5 minutes to remove the polishing rasid

The intaglio surfaces were etched with differentifofluoric acid concentrations, as
summarized inrable 1 for 60 seconds, rinsed with an air-water spray3fd seconds, dried,
and ultrasonically cleaned in distilled water fombnutes. Subsequently, the silane-based
primer (Monobond Plus; Ivoclar Vivadent AG) was kg on the intaglio of all crowns for 1

minute and then air dried.
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The G10 preparations were etched with 10% hydraftuecid for 60 seconds, washed
for 30 seconds, and ultrasonically cleaned for Buteis. Multilink Primer A and B (lvoclar
Vivadent AG) were mixed in a 1:1 ratio, scrubbedlos dies for 30 seconds, and dried until a
thin film was obtained.

One centimeter of resin cement (Multilink Automikjoclar Vivadent AG) was
measured with a ruler, mixed, and applied to thegiio crown surface. The crowns were
seated under a load of 7.5 N. The excess cementanas/ed, and the remaining cement was
light polymerized with 5 exposures of 20 secona$ea

After the cementation procedures, all specimensean inFigure 1B were embedded
in both polyurethane (F16, Fast Cast PolyurethAepn Technologies) and PVC cylinders
to 2 mm below the cervical margin. They were thiemesl in distilled water at 37°C for 7 to
14 days before the staircase load testing was cbedu

Cyclic failure loads were established in an elecmachine (Instron ElectroPuls
E3000; Instron Corp) using the staircase sengitiyitp and down) approach method
described by Collin& Each crown was centrally and perpendicularly ldadeder water
using a 2-mm diameter piston made from G10 epoaggicloth Fig. 2. A sheet of
polyethylene (0.1 mm thick) was placed betweenpibon and the ceramic to reduce contact
stress concentration.

Sinusoidal cyclic loading was applied to ceramiesmens, with amplitudes ranging
from a minimum of 10 N to the maximum tensile loatla frequency of 20 Hz, and for 500
000 cycles. The initial load and the step size waatermined based on the results of the
monotonic tests from the 10% hydrofluoric acid (lBFgroup (n=3; mean monotonic load for
fracture=300 N). A load that was 60% of the meamatonic failure load was assumed as the
initial load (180 N). A step size of 20 N was appliup or down to the next specimen,

according to the examination for subsurface cracinétion by transillumination. If the tested
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specimen failed, the next specimen was cycled@wer load by decreasing 1 step size. If the
specimen survived the 500 000 cycles, the subségpecimen was cycled at a higher load
by increasing 1 step size.

The mean failure load (Lf) and the standard demm(s) were calculated on the basis
of the data of the least frequent event (survivaladure) by using the method described by

Collins >
=ing
L =Ly +d[*Mifp £17] Eq. (1)

s =1,62d [[(E”fziznf - ﬂsz}ﬁ/@ni}z} +0,020] Eq. (2)

g [CreErmm @I Sl 0s

wherelLy is the lowest load level considered in the analykis the step size, amg is the
number of failures or survivals at the given loaddl. In Eq. (2), the negative sign is used if
the least frequent event is a failure; otherwike,gositive sign is used. The lowest load level
considered is designated as i=0, the next levellgsand so om; is the number of failures or
survivals at a given load level.

Topographical analysis was performed by field emissscanning electron
microscopy (FE-SEM) (FEI Inspect F50; FEI) at difiet magnifications. For this analysis, a
machined crown was sectioned into 4 pieces. Eaecepwas treated using different
conditioning methods, and the occlusal surfacesofentation (internal surface) were sputter
coated with a gold-palladium alloy before beingraikeaed.

After the fatigue test, the crowns were analyzedeura light microscope (Stereo
Discovery V20; Carl Zeiss) to determine the regadrcrack origin. Then the failure crowns
were longitudinally sectioned into halves perpeunldic to the track of the radial crack.

Representative specimens from each group werezathlyy FE-SEM.
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Statistical analysis was performed using statisgoftware (IBM SPSS Statistics for
Windows v21; IBM Corp). All load values (failure survival steps) were analyzed by 1-way
ANOVA and the post hoc Tukey tesiH05) because the data presented homogeneity of
variances (P>.05 based on the Levene test) andahatistribution (P>.05 based on the

Shapiro-Wilk test).

3. RESULTS

Significant differences were found among the geo(ANOVA, P<.001). The crowns
etched by 5% hydrofluoric acid (HF5) had a loweraméatigue failure load than that of the
CTRL, 1% hydrofluoric acid (HF1), and HF10 groupsich were statistically similarT@ble
2). The patterns of runouts (survivals) and failuresn the staircase experimental design for
the different groups after 500 000 cycles are shiovig. 3

The FE-SEM analysis revealed that slight topogmeahthanges were promoted by
HF1 compared with the untreated condition (CTRE)( 4). A progressive effect of the
different hydrofluoric acid concentrations was alied on the ceramic microstructure,
indicating that higher concentrations promoteddaiand deeper craters and pits.

The crown failure analysis under a light microscegp@wed that all fatigue cracks
were radial cracks starting from the cemented sarfand there was no Hertzian cone crack.
Representative FE-SEM micrographs of the fractundéases are presented kig. 5 The
irregularities created by acid etching on the cecasnirface were often not filled by resin

cement, especially in the HF5 group.

4. DISCUSSION
The first hypothesis—that the acid etching woultireduce the fatigue failure loads in

comparison with untreated crowns—was partially pax Mean fatigue failure loads were
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significantly lower when ceramic surfaces were etclvith HF5, while the groups CTRL,
HF1, and HF10 were not statistically differemtble 3. The second hypothesis was rejected
because the fatigue failure loads were influenced the distinct hydrofluoric acid
concentrations.

Malament and Socrans®yreported that the intraoral survival rates (Kagiégier) of
glass-ceramic crowns (Dicor) over 16 years werd&drigvhen they were acid etched before
being bonded to the dentin cores, as opposed tbeaing acid etched. Of the luting agents
tested in that study, acid-etched Dicor restoratiomed with composite resin exhibited more
favorable survivor functions than restorations duteith glass ionomer or zinc phosphate
cement® These data highlight the importance of resin-bdnadéhesion and topographical
changes promoted by hydrofluoric acid etching tuiexe better clinical results.

Nevertheless, hydrofluoric acid can be harmful gadticularly aggressive to soft
tissues® Considering the potential hazards of hydrofluaaid in dental applications, low
concentrations of this acid have been studied tonpte durable bond strengths without
weakening the ceramics. Venturini ét’aested 4 hydrofluoric acid concentrations for gtgh
a feldspathic ceramic (Vita Mark Il), concludingath3%, 5%, and 10% hydrofluoric acid
promoted stable resin adhesion after long-termgagirhile 1% hydrofluoric acid showed a
significant decrease in bond strength after adiegfhocycling. In another stud§they tested
the effect of the same hydrofluoric acid concerdret on the flexural strength and reported
that acid etching has a weakening effect on feltlspaceramic when compared with
untreated ceramic, regardless of its concentratteygardless of these previous monotonic
findings, the mean fatigue failure loads were niecent among the groups CTRL, HF1, and
HF10 in the current study. The explanation for tbasuld be the cementation procedure,
which provides support to the ceramic crown by meet layer. A positive influence of the

resin cement application on the ceramic flexuraergith has been proposed by some
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authors®>?*? The theory of resin strengthening ceramics may ebplained by the
combination of the Poisson constraint and the imeabf a resin interpenetrating layer
sensitive to the elastic modulus of the reésid resin layer that is bonded to the flawed
surface would change the ceramic material to antieraomposite resif?

Etching the cementation surface and bonding witbwaviscosity resin cement can
minimize the influence of flaws at cementation anes*> However, crowns etched with 5%
hydrofluoric acid were significantly less resisténan the other groups tested here. The FE-
SEM fractography imaged-ig. 5 show nonhomogeneous penetration of the resin meme
into the ceramic irregularities created by 5% hf{ldaric acid through the cement voids
present at the interface, mainly in the failuregoriarea. The presence of a large flaw and
cement voids along the internal surface of a gt&samic crown may raise internal stresses,
leading to failuré? Under loading, the stress at the flaw tip in an sgace cannot be
transferred to the resin, thereby increasing thsceqtibility of the ceramic to crack
initiation.*? The resin cement viscosity is also important, asenfluid resin cement could
penetrate irregularities on the intaglio ceramideae.

Previous investigations of clinically failed glassramic crowns revealed that the
majority of failures were initiated from flaws atehsions existing at the cementation surface,
indicating this surface as the location of the kigjttensile stress and/or the largest flaws?>
In the current study, all failures occurred asahdracks from the cementation surface, which
approximate to the clinical failure reports. In aiboh, the use of a flat-end piston made from
G10 epoxy glass and a plastic strip between th@mpiand the crown during the test may
justify the absence of contact damage on the loadeldisal surface.

The load to initiate a radial fracture is influedcBy the crown thickness and the
relative elastic modulus between crown and the sujmy tooth substraté. Hence, the

current study used a crown design with a simplerggnc configuration because an irregular
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geometry makes it difficult to determine the effedt crown thickness. In addition, the

substrate supporting material was an epoxy fill&th woven glass fibers (G10), which has an
elastic modulus similar to that of dentin. Kellya#t’ reported that G10 was not significantly

different from hydrated dentin in terms of blunntact elastic behavior or resin cement bond
strength. They found a small difference (approxetyab%) in fatigue behavior when testing

was performed at 20 Hz versus 2 Hz and concludatftinther tests can be performed at 20
Hz, greatly increasing the rate of data accumulaticherefore, the current fatigue test was
performed at 20 Hz.

Regarding the fatigue test, the staircase approashused to determine the fatigue
strength; it involved subjecting specimens to nlmgmber of cycles at a low load. At least
15 specimens were necessary to evaluate the fastpemgth at the life of intere%t.
Coefficients of variation of approximately 10% wexghieved by Kelly et df with a modest
number of specimens20) in a staircase sensitivity testing. Becausgsolow variability, a
sample size of 20 crowns was used in the presedy st

There are limitations in this in vitro study, andnee clinical conditions were not
simulated. The direction of the load applicatiorsvealy axial, without simulation of lateral
forces and sliding that may occur clinically durimgstication or clenching. Furthermore, the
brief water storage times (7 to 14 days), withargtterm aging, might be insufficient to
damage bond strength. The chemical bond betweamesédnd resin cement might deteriorate
over time because of hydrolysis, and the micromeicaaretention promoted by the minimal
acid etching (HF1) or nonacid etching (CTRL) mayibsufficient to provide stable bond
strength. Therefore, the adhesion in CTRL and HFl tmave been promoted mainly by
chemical bonds, with minimum micromechanical bogdifhus, these findings should be
considered carefully, and future studies shouldssttthe clinical plausibility of using lower

concentrations of hydrofluoric acid.
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5. CONCLUSIONS

Within the limitations of this in vitro study, tHellowing conclusions were drawn:

1. Etching with 5% hydrofluoric acid on the intagkurface of feldspathic ceramic crowns
reduced the fatigue failure loads and thus wouldobeaecommended for the tested ceramic.
2. The mean fatigue failure loads of the feldsgathiowns was not influenced by 1% and

10% hydrofluoric acid, since these etched crowdsndit differ from untreated crowns.
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FIGURES

14

Figure 1. lllustrations of a G10 preparation for crown cena¢gion. A, Sketch lines and
dimensions (in mm) for the axial-symmetric drawioigthe G10 preparation. B, Specimen

after crown cementation.
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Figure 2. Experimental arrangement. Specimen centrally loagigld G10 piston in fatigue

machine.
CTRL - mean fatigue load 245.0 N HF 1% - mean fatigue load 242.5 N
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Figure 3. Pattern of runouts (survival) and failures for egobup (CTRL, HF1, HF5, HF10)
observed during wet mechanical cycling (500 000les)c Arrows indicate load level at
which up-and-down character started. Horizontaédirindicate mean fatigue load, filled

scorers show runout, and empty scorers are failure.
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Figure 4. Representative field emission scanning electrorroagopy micrographs (original
magnification, x3000) of different ceramic surfateatments showing topography pattern
alteration generated by machining procedure andofiydric acid etching. A, CTRL group.

B, HF1 group. C, HF5 group. D, HF10 group.
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ETI i i}

Figure 5. Representative images (original magnification, %5600 fracture surfaces from
crowns subjected to fatigue. A, CTRL group. B, Hiftbup. C, HF5 group. D, HF10 group.
Radial cracks pointing to fracture origin can besetved in cementation surface under tensile

stresses
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TABLES

Table 1.Experimental design.

Group Surface Treatment

CTRL Unconditioned control, only silane
HF1 Etching with gel 1% hydrofluoric acid
HF5 Etching with gel 5% hydrofluoric acid
HF10 Etching with gel 10% hydrofluoric adid

*Experimentally formulated (FGMJCondac Porcelana 5% and 10% (FGM).

Table 2. Mean fatigue failure loads {L and standard deviation (SD) of CAD-CAM

feldspathic crowns from staircase tests.

Group L (N) (= SD)
CTRL 245.0 (+15.1%
HF1 242.5 (+24.7%
HF5 216.7 (+22.53
HF10 255.7 (+53.8)

CAD-CAM, computer-aided design and computer-aideahufecturing. Different superscript letters indicatatistically

significant differences (P<.05).
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The effect of hydrofluoric acid concentration on tle fatigue failure load of adhesively

cemented feldspathic ceramic discs

ABSTRACT

Objectives: This study investigated the influence of hydroflooacid (HF) etching at
different concentrations on the fatigue failure doaf adhesively cemented feldspathic
ceramic discs (Vita Mark Il). Besides, their effect the micromorphology of ceramic surface
was investigated.

Methods: Eighty ceramic discsoE 10 mm; thickness= 1.5 mm) were cemented to epoxy
supporting discs = 10 mm; thickness= 2.0 mm) using different surfamaditioning
methods (n=20): nonetched control (CTRL), or etcHed 60 s with different HF
concentrations: 1% (HF1), 5% (HF5), or 10% (HFXIJ).the ceramic discs received a silane
application (Monobond Plus). The epoxy discs weehed with 10% HF for 60 s and
received a primer coating (Multilink Primer A+B).dRAesively cementation was performed
(Multilink Automix), and the assemblies (ceramisai/epoxy discs) were subjected to cyclic
loads in water by a staircase approach (500,00@£y20 Hz; initial load= 290 N; step size=
30 N). Fatigue failure load data were analyzed gudirway ANOVA andpost-hocTukey’s
tests ¢=.05).

Results: Mean failure load of the HF5 group (255.0 £ 23.0Ws significantly lower; HF1
group (301.7 £ 71.0 N) presented intermediate wlaed the highest values were achieved in
CTRL (351.7 £ 13.4 N) and HF10 (341.7 + 20.6 N)ups. All the failures were radial cracks
starting from the bonding surface

Significance: In terms of fatigue failure load, etching with 1%da5% HF had a deleterious
effect on the fatigue behavior of an adhesively ested feldspathic ceramic, while 10% HF

had no negative influence.
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HIGHLIGHTS

» Hydrofluoric acid (HF) concentration on the fatigadure load was investigated.
* 5% and 1% HF etching for 60 seconds have demoedteatieleterious effect.
. 10% HF had no negative influence and seems the

recommended protocol for etching.
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1. Introduction

Among a wide range of CAD/CAM blocks available taoguce monolithic
restorations, the feldspathic ceramic Vitablocs WMHr (Vita Zanhfabrik, Bad Sackingen,
Germany) is fabricated using fine-structure cerampawders under industrial sintering
process, resulting in good polishing propertiesrel@sed enamel wear, and increased strength
due to a nearly pore free cerarfig. Also, the fracture resistance of the feldspat@@mic
restorations may be improved with appropriate boggiroceduref?]. To achieve successful
bonding, the intaglio surface of these ceramicsiireg micro-mechanical interlocking by
hydrofluoric acid etching, and chemical bondingabsilane coupling agefi,4].

Even though that adhesive approach is a well-knamth recommended method to
increase bond strength to feldspathic ceramicshitpie toxicity of hydrofluoric acid remains
a concern among the clinicians and scientific dtere [5] motivating the investigation of
lower concentrations of hydrofluoric acid and ailegive methodg$6-9]. Besides, previous
studies showed that mechanical strength of glassyde materials may be negatively
influenced by the hydrofluoric acid etching apptoes{10-14]. The alterations of the surface
flaws (defects’ population) as consequence of thehieg time and hydrofluoric acid
concentration[11] could be the predictive factor of ceramic bulkcftaes, mainly if the
surface defects are not entirely filled by resimeat[15]. Thereby, only the flexural strength
of the ceramic etched by hydrofluoric acid may exactly reflect the actual strength of all-
ceramic restoratiofl6] since it will be cemented to the tooth. The resament could
improve the probability of survival of ceramic resitions to a certain extent by healing the
cracks[17,18], which depends on the behavior of the resin patiety the ceramic surface
[19].

From the clinical perspective, ceramic restoratiares constantly subjected to cyclic

loading under wet conditions during chewing funetiavhich should be considered during in
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vitro tests, since these conditions decrease Hutuire load of restorative materials by slow-
crack growth of intrinsic defec{0,21] Studies about clinically failed glass-ceramicvens
reported that the majority of bulk fractures stdriem flaws and stresses at the cementation
surface[22-24]. From that standpoint, it is important to inveateg the influence of the
etching protocols in a bonded ceramic surfacetengit to predict the clinical behavior using
cyclic loading fatigue tests. Furthermore, limitatbrmation is available as to how the use of
different hydrofluoric acid concentrations influescthe fatigue failure load of adhesively
cemented feldspathic ceramic.

Therefore, the current study aimed to evaluateetfext of different hydrofluoric acid
concentrations on the fatigue failure loads of $pkthic ceramic discs adhesively bonded.
Additionally, micro-morphological evaluations ofethceramic surface in response to the
etching protocol and fractographic examinationshef failed specimens were executed. The
hypotheses tested were: (1) acid etching wouldigmite the fatigue failure loads compared
with nonetched ceramic discs, and (2) different rbfldoric acid concentrations would

promote different fatigue failure loads.

2. Materials and methods

The materials used in this investigation are dbsdrinTable 1
2.1 Specimens preparation and cementation procedure

Feldspathic ceramic blocks (VitaBlocks Mark Il f6EREC/inLab, Vita Zahnfabrik,
Bad Sackingen, Germany) were shaped into cylindemg a diamond drill¢= 10 mm;
Diamant Boart, Brussels, Belgium) coupled to a bedcill (SBE 1010 Plus, Metabo;
Nurtingen, Germany) under refrigeration. The cy@irglwere cut under water-cooling (Isomet
1000, Buehler, Lake Bluff, United States), resugjtin 80 discs with an initial thickness of 1.6

mm. The ‘occlusal’ surface of the discs was polisivth 600-grit SiC polish papers (Ecomet
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Polisher, CarbiMet SiC Abrasive Paper grit 600—FR1 Zuehler) until the thickness of 1.5 £
0.1 mm to remove the irregularities of the surfaceontact with the piston. The cementation
surface was kept ‘as-cutting’. Then, the ceramioas were cleaned (isopropyl alcohol; 5
min) in an ultrasonic bath (Vitasonic, Vita Zahmfi#l

The epoxy resin discs were shaped into cylindensgua cylindrical diamond drill
with an internal diameter of 10 mm in the same wwayaforementioned for the ceramic
blocks, from plates with 2.0 mm thickness (Epoxat®|150 x 350 x 2.0 mm; Carbotec
GmbH & Co. KG, Konigs Wusterhausen, Germany). Agified bi-layer setupg25] was
designed simulating the restoration of a postettmth. On this setup, the ceramic disc
represents an occlusal restoration with 10 mm di@mehich is the average surface area of
molars accordindrerrario et al. [26]and the epoxy resin disc simulates dengin {0 mm;
thickness= 2.0 mm). The bonded two-layer discs d&dithal thickness of 3.5 mm, which is
equivalent to the average thickness from upper pap of the tooth to occlusal surface of
the restoratiofi27-29].

Prior the cementation procedures, the discs werdoraly assigned into four groups
(n=20) according to the surface conditioning methmxhetched control (CTRL); etched with
gel 1%, 5% and 10% hydrofluoric acid (HF1, HF5, &#id10, respectively). The bonding
surface of each ceramic disc was etched with onehef different hydrofluoric acid
concentrations (1%, 5%, or 10%; FGM, Joinville, Bhafor 60 s, rinsed with an air-water
spray for 30 s, dried, and ultrasonically cleanedistilled water for 5 min, while the discs of
the control group remained nonetched. Subsequethity,silane-based primer (Monobond
Plus, Ivoclar Vivadent, Schaan, Liechtenstein) \applied on the bonding surfaces of all
ceramic discs scrubbing it on the surfaces for aBdsthen kept to react for 45 s (completing

60 s for the entire procedure), followed by 15 siofdrying.
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The epoxy resin surface was etched with 10% hydooit acid for 60 s, washed for
30 s, and ultrasonically cleaned for 5 min. MutiliPrimers A and B (Ilvoclar Vivadent) were
mixed in a 1:1 ratio, scrubbed on the epoxy surface30 s, and dried until a thin film was
obtained. After, the ceramic discs were adhesigelyented to the corresponding epoxy discs
with resin cement (Multilink Automix, Ivoclar Vivaaht). The bonded two-layer discs were
seated under a load of 2.5 N (to generate a simalarent thickness), followed by removal of
excess cement, and light-activation (Radii-cal, SBdyswater, Australia) for five exposures
of 20 s each (one in each direction — 4 positions9®, 180, 270, and top). All the
specimens were stored in distilled water (7 up4aldys; 37#C) until the staircase load tests
were conducted.
2.2 Fatigue failure load tests
The fatigue tests were conducted in an electrichinac(Instron ElectroPuls E3000, Instron
Corp, Norwood, United States) with a piston madenfrepoxy filled with woven glass fibers
(6= 2 mm; NEMA, grade G10; International Paper, HamptJSA), which was positioned in
the center of the ceramic surface (ceramic up,idertalogue material down). A sheet of
polyethylene (0.1 mm thick) was placed betweenpib®on and the ceramic surface to reduce
contact stress concentratif80].

Cyclic failure loads (500,000 cycles at 20 Hz) wapplied by the staircase approach
[31], with amplitudes ranging from a minimum of 10 Nthe maximum load to failure. The
initial load and the step size were determined ¢hasethe results of the monotonic tests from
the 10% hydrofluoric acid (HF10) group (n = 3; meaanotonic load for fracture = 483 N).
A load of ~60% of the mean monotonic failure loaglsvassumed as the initial load (290 N).
A step size of 30 N (~10% of the initial load) wadded or subtracted for the next specimen,
according to the examination of subsurface cradk&ion by transillumination. If the tested

specimen failed, the next specimen was cycledl@avar load by decreasing one step size. If
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the specimen survived to the 500,000 cycles, thsesquent specimen was cycled at a higher
load by increasing one step size. According@tdlins [31], it is considered that the test only
starts after the first inversion of outcome (sualifracture); and also that, at least 15 samples
should be tested to achieve an accurate measuraftenthis inversion.

The mean fatigue failure loadl{] and the standard deviatios) (vere calculated based
on the data of the least frequent event (survivdiadure), using the method described by
Collins [31}

Lif =Lifo +d[EXind i/ E3nd g +1/2]

Eq. (1)

s = 1,62d [[(Enizizni — {EEMJJE}/{EHJ:} + {],029} Eq. (2)

(Zn;Zi%n; — GE:‘m]]‘]/{En -]‘]

If: >0.3

s = 0.53d, if:[(E’ﬂfEi:'ﬂf - (EEIHE}HZ}/(EHJE] = 0.3

wherely is the lowest load level considered in the analysis the step size and is the
number of failures or survivals at the given loaddl. In Eq.(1), the negative sign is used if
the least frequent event is a failure; otherwisegbsitive sign is used. The lowest load level
considered is designated as i = 0, the next lewel=al, etc. nis the number of failures or
survivals at a given load level.
2.3 Fractographic analysis

After the fatigue tests, all fractured specimensenanalyzed under a light microscope
(Stereo Discovery V20; Carl Zeiss, Gottingen, Getywa@o determine the region of crack
origin. Then, the failed discs were longitudinactioned into two halves, perpendicularly to
the direction of the radial crack. Representatipecgémens from each group were analyzed
under scanning electron microscopy (SEM; XL 20, KEimpany, GG Eindhoven, The

Netherlands).
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2.4 Topographic analysis

Topographical analyses were performed by SEM (EV&LH, Zeiss, Oberkochen,
Germany) at different magnifications. The specimensre treated using different
conditioning methods, and then sputter coated witgold-palladium alloy before being
examined. Besides, additional specimens were digbjdo SEM analysis (Vega3, Tescan,
Czech Republic) to verify the bonding interface @hd cement penetration into ceramic
irregularities created by hydrofluoric acid etching
2.5 Data analysis

According toCollins [31], only the data from the least frequent event \&al(teglure or
survival steps) observed on the fatigue tests shbael considered. So, on this sense, the
statistical analysis was performed (IBM SPSS Stesis/21 for Windows; IBM Corp) using

One-way ANOVA and the post hoc Tukey’s test=(05).

3. Results

Significant differences for fatigue failure load egdound among the evaluated groups
(1-way ANOVA, P<.001). On this sense, discs etclyd5% hydrofluoric acid (HF5)
presented the lowest mean value in comparisonetl¢cCthRL, HF1, and HF10 group$dble
2). The pattern of runouts (survivals) and failufesm the staircase fatigue tests for each
group are described Fig. 1

The fractographic analysis under a light microscepewed that all failures were
radial cracks starting from the cemented surfatbeatenter region, and Hertzian cone cracks
were not observed. Representative SEM micrograptisedracture surfaces are presented in
Fig. 2 and also corroborate those assumptions (observéght microscope).

The SEM analysis revealed a progressive effectydfdiluoric acid concentration on

the ceramic microstructure, indicating that higbencentrations promoted larger and deeper
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craters and pitsHg. 3. Fig. 4 shows that the defects (apparently sharper) pramoyeow
hydrofluoric acid concentrations (1% and 5%) weot entirely filled by the resin cement,
while the resin cement penetrated into the irretfida (apparently larger and rounded)

introduced by 10% hydrofluoric acid.

4. Discussion

This in vitro study showed a significant effecttofdrofluoric acid concentration on
the fatigue failure load of feldspathic ceramic @peens. The first hypothesis that acid
etching would influence the fatigue failure loadsnpared with nonetched ceramic discs was
partially accepted, since HF10 and CTRL groupseresl statistically similar fatigue failure
load values Table 3. However, a decrease in the fatigue failure lgatlies was observed
when ceramic surfaces were etched with 5% and ld#ofyoric acid (HF5 < HF1 < HF10).
Thus, these findings corroborate the second hypihe.e., different hydrofluoric acid
concentrations would promote different fatigueueel loads.

Literature supports that hydrofluoric acid etchingchanism is based on a chemical
modification of the ceramic surface, selectivelynozing the glass matrix, increasing the
bonding area (i.e., roughness), and the reactigithe luting agent (i.e., surface free energy)
[32,33] After etching appropriately the cementation stefaf glass ceramics (i.e., producing
surface alterations for micromechanical interloggirand adhesively bonding it to the tooth
substrate using low-viscosity resin cements; it rbayminimized the influence of critical
flaws at this surfacg4]. The ability of the resin cement to interpenettate ceramic surface
defects introduced by etching creates a ceramin-resmposite hybrid layer, which is
responsible for the ceramic strengthening effd&]. Thus, the increase of the fracture

resistance of glass ceramics will be in responssnanhanced stress distribution through this
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assembly, which decreases the risk of stress ctatiem on the aforementioned flaws
[16,18,35]

In the current investigation, the topographic atens promoted by 10% hydrofluoric
acid resulted in no weakening effect in comparisnthe nonetched condition (CTRL), while
a negative impact on the fatigue failure load whseoved for 1% and 5% concentrations.
These findings may be explained by the size angesitd the defects introduced by the
different hydrofluoric acid concentrations. In tB&M images, it is possible to observe a
progressive effect in response to the increase aith @oncentrations (larger and deeper
craters) on the ceramic microstructure, and a tesg®unt of glassy matrix in all etched
surfaces compared with nonetched one. Hence, tgeslairregularities, promoted by 10%
hydrofluoric acid, enabled an adequate penetratiothe resin cement creating a ceramic-
resin composite layer, which resulted in a highaigltie failure load in comparison to the
other hydrofluoric acid concentration&ig. 4). In regards to the low hydrofluoric acid
concentrations (1% and 5%), they probably introdusiearper defects that were not entirely
filled by the resin cement, so in this scenaribypothesizes an ineffective stress distribution
(higher stress concentration around the existingatie and leading to premature fracture
during smaller loads).

Another important factor to be considered is tiyatrofluoric acid etching induces an
increased wettability on the adherent (resin cejnentesponse to an increase in surface area
[32]. Increased wettability is associated with a lowentact angle and greater bonding
potential among substratE36]. Venturini et al.[6] tested the same acids used in this study
with the same ceramic (Vita Mark 1) and observiedt thydrofluoric acid etching decreased
the contact angle in all etched groups (1, 5 arfd)10n which the lowest mean contact angle

value was achieved by 10% hydrofluoric acid. Thessvious findings also corroborate the
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higher filling potential of the cement observed 0% hydrofluoric acid etching in the
current resultsKig. 4).

As aforementioned, acid etching can reduce thessitencentration at existing flaws
tips by changing their shapa7]. However, ceramic discs etched with 5% hydrofl@cid
were significantly less resistant than all the ottested groups. This current finding agrees
with Venturini et al.[15], who evaluated the influence of hydrofluoric ac@hcentration on
the fatigue failure load of feldspathic ceramicvens machined by a CAD/CAM system.
They stated that HF5 acid had a negative effedherfatigue loads of Vita Mark Il ceramic
crowns. In the FE-SEM fractographic images, thegeobed cement voids at the interface
related to the failure origin area. On this scamaifraction of the stress at the flaw tip cannot
be properly transferred to the resin in these avads nonhomogeneous penetration of the
resin cement (air space), increasing the suschtibf the ceramic to crack initiatio[87].
Thus, our results support the clinical implicatmmoposed by this previous study: the clinical
use of 5% hydrofluoric acid (gel) for etching Vikark Il ceramic should be considered
carefully[15].

Also, Venturini et al.,[15] noticed that HF1 produced similar values to HFh@ a
CTRL groups, which is not corroborated by the pnesmdings (HF1 < HF10 and CTRL).
Those differences for fatigue behavior of HF1 gsoupight have been caused by the
topographical differences of the ceramic surfacenfthe sample production: they produced
the ceramic crowns from the CAD/CAM milling, whidbads to a rougher topography in
comparison to the methodology of the present study vitro cutting processing using a
cutting machine. Although the costs of research r@duced with this simplified disc
methodology, the mechanical properties might bamarpreted since machining of partially
or fully sintered CAD/CAM ceramics is deleterious flexural fatigue strengtii38]. The

topography achieved by CAD/CAM milling is also @iféent from the one achieved by in vitro
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laboratorial processing, and that fact could inflcee on the final mechanical property of the
ceramic, so this topographical differences shoudcbnsidered39]. It seems that this
phenomenon could also be an explanation to therdifites between our data and the ones
observed previously by Venturini et dlL5]. From the clinical relevance standpoint, studies
about the effect of the etching protocols and bogdihould consider the simulation of the
surface topography promoted by the miling by CABKN system; otherwise an
overestimation may be expected if the ceramic sarf@d not milled by the CAD-CAM
system.

Regarding the used materials and test setup, teyejupporting material simulates
adequately human hydrated dentin in terms of resment bond strength and blunt contact
elastic behavior as it presents a similar elastclufus (18 MPaj40,41] It is important to
highlight that our study used a simplified bi-layassembly to simulate a monolithic
restoration of a posterior first molar (as desatibg Chen et al[25]). The main advantage
of this assembly is that by controlling the direatiof the load application and creating a
standardized and fully reproducible scenario, wabénthe evaluation of a factor lonely (the
effect of etching protocols). This assumption israborated by our fractography analysis,
which all fractures were radial cracks startingrirthe cemented surface at the center region,
and there was no Hertzian cone crack. Moreoveryusleeof a personalized piston made from
epoxy glass material and a plastic strip may jydtie absence of contact damage on the
loaded surfacg40]. Despite that, this fatigue experiment consista ilaboratorial in vitro
study, which cannot fully represent all intraorabnditions, thus containing inherent
limitations. Some factors including the directiointloe load application such as lateral forces
and sliding, anatomical shapes, and hydrolysif@ichemical adhered interface can influence
the long-term fracture strength of a ceramic redgton on the clinical intraoral environment.

Thus, in vivo researches, to this aim, should exeted in the future.
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In conclusion, taking into account the findings idegd by this current fatigue study
and the previous adhesion outcorfigs|, hydrofluoric acid at 10% concentration remains as
the best surface treatment for feldspathic ceranatzhing with 5% and 1% hydrofluoric acid

had a negative effect on the fatigue failure lobddhesively cemented feldspathic discs.
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Fig. 1 - Pattern of runouts (survival) and failures faclk group (CTRL, HF1, HF5, HF10)

observed during wet mechanical cycling (500,000esyat 20 Hz). Arrows indicate the load

level at which up-and-down characters started. zdoitial lines indicate mean fatigue failure

load, filled scorers show runout, and empty scoseedailure.
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Fig. 2 - Scanning electron microscopy images (originalgnifecation: x100) of fracture
surfaces from discs subjected to fatigue. A, CTRbaug. B, HF1 group. C, HF5 group. D,
HF10 group. Radial cracks pointing to fracture wrigan be observed in cementation surface

under tensile stresses.
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Fig. 3 - Representative SEM micrographs (original magatfon, x1000 and x3000) of
different ceramic surface treatments showing topplgy pattern alteration generated due to

dissolution of the glassy matrix by hydrofluoridgetching.
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Fig. 4 - SEM images (original magnification, x1000 and8@) of bonding interfaces from

tested groups showing cement penetration into deraragularities.
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Table 1 -Materials used in the study with manufacturer @& composition.

Brand name; Manufacturer

Material (Lot Numben) Composition?
VITABLOCS Mark lI;
Fine-particle Vita Zahnfabrik Al,O3 SIO, K0, NgO, CaO, TiQ other
feldspar ceramic (LOT 28650) oxides
Epoxy platte 150x350x2,0 mm;
Epoxy resin plate Carbotec GmbH & Co. KG, Epoxy resin

Dual-cured resin
cement

Primer

Silane

Hydrofluoric acid

Germany

Multilink Automix: Dimethacrylates, HEMA, barium glass filler,
Ivoclar Vivadent AGLiec'htenstein ytterbium trifluoride highly dispersed silica,

(LOT U19980 ) catalysts and stabilizer, pigments
Primer A: water, initiators;
Multilink Primer A and Primer B; Primer B: phosphonic acid acrylate,
Ivoclar Vivadent AGLiechtenstein  hydroxyethyl methacrylate, methacrylate
(LOT U22990) mod. polyacrylic acid, stabiliser
Monobond Plus: Alcohol 'solut'ion of silane methacrylate,'
Ivoclar Vivadent AGLiechtenstein phosphoric acid methacrylate, and sulphide

(LOT U25466) methacrylate

Experimentally formulated 1%
Condac Porcelana 5%
Condac Porcelana 10%

FGM, Brazil
(LOT 030216)

Hydrofluoric acid at 1%, 5%, and 10%,
water, thickener, surfactant, and coloring

®The chemical compositions are described accordiniget manufacturers’ information.

Table 2 - Mean fatigue failure loads {Land standard deviation (SD) of tested groups from

staircase tests.

Group L (N) (£ SD)
CTRL 351.7 (+ 13.4)
HF1 301.7 (+ 71.09
HF5 255.0 (+ 23.0)
HF10 341.7 (+ 20.6)

Different letters indicate statistically signifidadifferences (P<.05).
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4 DISCUSSAO

A unido entre a estrutura dental e as restauragéesnicas indiretas € um fator
imprescindivel para o sucesso e longevidade daauragsfes ceramicas (MALAMENT;
SOCRANSKY; 2001). Embora o condicionamento com@didoridrico seja necessario para
promover o embricamento micro mecanico com o0s mageresinosos e a estrutura dental,
pouco se sabe sobre os efeitos que as irregulasdathdas por esse acido podem provocar
nas propriedades mecanicas das ceramicas submatidajas ciclicas em ambiente oral
umido. O condicionamento acido deveria, a0 mesnmmpde criar uma topografia de
superficie suficientemente irregular para uma uidequada com o0 cimento resinoso sem
causar o enfraquecimento da estrutura ceramicde destido, o uso de concentra¢cdes mais
baixas de acido fluoridrico tem sido consideradhtgmente ao fato desse acido ser perigoso e
particularmente agressivo aos tecidos devido a atxicidade (OZCAN;
ALLAHBEICKARAGHI; DUNDAR, 2012).

Considerando que o tratamento de superficie codw dicioridrico pode criar zonas de
fragilidade nas restauracdes ceramicas, as guasukénetidas a cargas ciclicas em ambiente
oral, uma trinca podera iniciar e propagar-se afeatura catastrofica do material. Nesse
sentido, os ensaios de fadiga tém se colocado comacalternativa aos testes monotonicos de
resisténcia flexural, pois se aproximam mais dalid@de clinica que o0s materiais
restauradores sao submetidos.

Assim, a realizagdo dos dois artigos que compddm tese foi impulsionada pela
necessidade de prever de maneira mais confiavelmpartamento mecanico a fadiga da
superficie ceramica apés os procedimentos de dondimento com acido fluoridrico e
cimentacdo. Diante disso, objetivou-se avaliar fauéncia de diferentes concentragfes de
acido fluoridrico no condicionamento de espécimescdramica feldspatica na forma de
discos e de coroas usinadas pelo sistema CAD/CABM, qoais foram cimentados
adesivamente a um material analogo a dentina, metidns a cargas ciclicas na presenca de
agua.

A partir da evidéncia de que o condicionamento éaido fluoridrico tem um efeito
de enfraquecimento na resisténcia de ceramicasasit{ADDISON; FLEMING, 2004;
ADDISON; MARQUIS; FLEMING, 2007b; HOOSHMAND; PARVIE KESHVAD, 2008;
ZOGHEIB, 2011; VENTURINI et al., 2015b), uma dagpdteses testadas foi de que o
condicionamento acido influenciaria negativamenge cargas para falha em fadiga em
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comparacdo aos espécimes cerdmicos ndo condicendfiuretanto, as coroas né&o
condicionadas (CTRL) e as coroas condicionadas &cdo fluoridrico 1% e 10% (HF1 e
HF10) apresentaram valores de carga para falhaadigaf estatisticamente similares, assim
como os discos ndo condicionados e os discos dondaos com HF10. A explicacdo para
esses achados pode estar no procedimento de cgéentediante a capacidade do cimento
resinoso em penetrar nos defeitos da superfici@miea e criar uma camada hibrida
ceramica-resina, que € responsavel pelo efeitefdeco ceramico (ADDISON; MARQUIS;
FLEMING, 2007a). InvestigacOes prévias ja haviadataelo uma influéncia positiva da
aplicacdo de cimento resinoso na resisténcia f&xde ceradmicas vitreas (ADDISON;
MARQUIS; FLEMING, 2007a; POSRITONG et al., 2013)lék disso, o potencial de
penetracdo do cimento resinoso esta diretamenteiade a uma maior molhabilidade do
aderente, menor angulo de contato e maior poterd®alligacdo entre os substratos
(AMARAL et al., 2011). Logo, a justificativa paraaequada e homogénea penetracéo do
cimento resinoso nas irregularidades da superféggamica condicionada com acido
fluoridrico 10% deve-se ao maior tamanho e fornaatedondado das irregularidades criadas
pelo HF10 juntamente ao fato desse acido ter aped® um menor angulo de contato
comparado as outras concentracdes em estudo PusMTURINI et al., 2015a).

Em relagdo a influéncia das diferentes concentsag@eécido fluoridrico, as cargas
médias para falha em fadiga foram significativamemtferiores quando as superficies
ceramicas foram condicionadas com acido fluoridige (HF5) tanto nas coroas como nos
discos testados. As imagens realizadas em micrmsetgironico de varredura mostram que
0 cimento resinoso nao conseguiu penetrar compéetEM nas irregularidades mais
pontiagudas criadas pelo acido fluoridrico 5%, seoBiservados vazios de cimento na
interface relacionados a area de origem da falbas®&lcenario, a presenca de falhas e vazios
de cimento ao longo da superficie de cimentacdoctam que as tensdes internas se
concentrem nessa regido e ndo possam ser disktuigara 0 conjunto
ceramica/cimento/dente (ANUSAVICE; HOJJATIE, 199@)que aumenta a suscetibilidade
da ceramica ao inicio da trinca e, consequentemkave a falha prematura durante cargas
baixas.

Como mencionado anteriormente, as coroas cerantieadicionadas com A&cido
fluoridrico 1% apresentaram cargas para falha edigda similares as coroas néo
condicionadas e as condicionadas com acido fluooidi0% (HF1 = CTRL e HF10),
diferentemente ao observado nos discos tratadosacooncentracdo de 1% (HF1 < CTRL e

HF10). Uma explicacdo plausivel para a difereng@aeeo comportamento de fadiga das
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coroas e discos condicionados com HF1 é a topagdafisuperficie ceramica decorrente do
processo de usinagem das coroas pelo sistema CAD/@&vio ao condicionamento. A
usinagem dos blocos ceramicos leva a uma topogrefis rugosa comparada a metodologia
do segundo artigo, no qual os discos foram apes@samnados em uma maquina de corte.
Embora os custos da pesquisa sejam reduzidos cameodologia de disco simplificada e
0s resultados sejam praticamente os mesmos entestados (HF5 < CTRL e HF10), as
diferencas topograficas devem ser consideradas gis¢ a usinagem de blocos ceramicos
para CAD/CAM parcialmente ou totalmente sinterizadéeta negativamente a resisténcia a
fadiga flexural (FRAGA et al., 2017). Assim, sugseeque estudos futuros sobre o efeito de
diferentes protocolos de condicionamento simulgwopagrafia de superficie promovida pela
usinagem por meio do sistema CAD/CAM.

De acordo com a fractografia das coroas e disstades, todas as falhas ocorreram
como trincas radiais a partir da superficie de obago, o que se aproxima dos estudos que
avaliaram coroas ceramicas que falharam clinicaen@ELLY et al., 1990; THOMPSON et
al., 1994), visto que € nesta superficie que seesdram grande parte das tensdes de tracao
responsaveis pelo inicio da falha (KELLY, 1999).eAthis, 0 uso de um pistdo de resina
epoxi com fibra de vidro e de uma tira plasticaemt pistdo e o espécime durante o teste
pode justificar a auséncia de danos de contataperfécie ceramica (KELLY et al., 2010).

Os estudosn vitro que compdem esta tese ndo simularam completartutds as
condicOes clinicas, e, desta maneira, contém Ipiés inerentes. Nesse sentido, 0os espécimes
testados receberam aplicacdo de cargas ciclicasape sentido axial, sendo que as forcas
laterais e de deslizamento, que ocorrem clinicaenehirante a mastigacdo, ndo foram
simuladas. Além disso, o tempo de armazenamento 1Z dias) pode ter sido insuficiente
para promover a hidrélise da interface quimica terfierir na durabilidade da resisténcia
adesiva da restauracdo ceramica. Desta maneiragtesaco micromecanica minima
promovida pelo condicionamento com acido fluoridrit%, ou apenas a unido quimica
decorrente da aplicacdo do silano na ceramica oadi@onada, pode ter sido insuficiente
para uma resisténcia de unido estavel ao longo etlopd. Assim, ensaios clinicos
randomizados e investigacfes adicionais devem @etuzidos para confirmar os achados

destes estudos clinicamente.
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5 CONCLUSAO

A partir dos dois artigos apresentados nesta tesele-se concluir que o
condicionamento com &cido fluoridrico a 5% redwsicargas para falha em fadiga tanto das
coroas como dos discos de ceramica feldspaticantamies adesivamente e, portanto, 0 uso
clinico da concentracdo de 5% do acido investigdele ser considerado cuidadosamente
para o condicionamento dessa ceramica. Assim, case Inos achados desta tese e da
necessidade de adesdo micromecéanica entre osasafsto condicionamento com acido
fluoridrico a 10% é o tratamento de superficie ne@adado para a ceramica testada visto que

nao apresentou efeito deletério nas cargas pdnra ¢éah fadiga em ambos os estudos.
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ANEXO A — NORMAS PARA PUBLICACAO NO PERIODICO THE JOURNAL OF
PROSTHETIC DENTISTRY

Article Types

Articles are classified as one of the followingsearch/clinical science article, clinical report,
technique article, systematic review, or tip froor ceaders. Required sections for each type dflarti
are listed in the order in which they should bespréed.

Research and Education/Clinical Research

The research report should be no longer than 1@el®le-spaced, typed pages and be accompanied
by no more than 12 high-quality illustrations. A¢dhe use of outline form (numbered and/or bulleted
sentences or paragraphs). The text should be mrittecomplete sentences and paragraph form.
Abstract (approximately 400 words): Create a structured rabstwith the following subsections:
Statement of Problem, Purpose, Material and MethRdsults, and Conclusions. The abstract should
contain enough detail to describe the experimetgsign and variables. Sample size, controls, method
of measurement, standardization, examiner reltgbiind statistical method used with associated
level of significance should be described in thedvial and Methods section. Actual values should be
provided in the Results section.

Clinical Implications:In 2-4 sentences, describe the impact of the steslylts on clinical practice.

Introduction: Explain the problem completely and accurately. Sanwe relevant literature, and
identify any bias in previous studies. Clearly astélhe objective of the study and the research
hypothesis at the end of the Introduction. Pleade that, for a thorough review of the literaturest

(if not all references) should first be cited i tintroduction and/or Material and Methods section.

Material and Methodsin the initial paragraph, provide an overview o€ texperiment. Provide
complete manufacturing information for all produats instruments used, either in parentheses or in
a table. Describe what was measured, how it wasuned, and the units of measure. List criteria for
gquantitative judgment. Describe the experimentaigieand variables, including defined criteria to
control variables, standardization of testing, @lmon of specimens/subjects to groups (specify
method of randomization), total sample size, cdsfroalibration of examiners, and reliability of
instruments and examiners. State how sample sizes determined (such as with power analysis).
Avoid the use of group numbers to indicate grolipstead, use codes or abbreviations that will more
clearly indicate the characteristics of the groapd will therefore be more meaningful for the reade
Statistical tests and associated significance $egbbuld be described at the end of this section.

Results:Report the results accurately and briefly, in thee order as the testing was described in the
Material and Methods section. For extensive ligjrmgresent data in tabular or graphic form to help
the reader. For a 1-way ANOVA report of, F d@dalues in the appropriate location in the text. For
all other ANOVAs, per guidelines, provide the ANOWAble(s). Describe the most significant
findings and trends. Text, tables, and figures khaoat repeat each other. Results noted as signific
must be validated by actual data and P values.

DiscussionDiscuss the results of the study in relation tohipothesis and to relevant literature. The
Discussion section should begin by stating whetitemot the data support rejecting the stated null
hypothesis. If the results do not agree with osltedies and/or with accepted opinions, state haiv an
why the results differ. Agreement with other stsdshould also be stated. Identify the limitatiohs o

the present study and suggest areas for futurandse

Conclusions:Concisely list conclusions that may be drawn fréma tesearch; do not simply restate
the results. The conclusions must be pertinenhéodbjectives and justified by the data. In most
situations, the conclusions are true for only tbpytation of the experiment. All statements repbrte

as conclusions should be accompanied by statisticdl/ses.
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ReferencesSee Reference Guidelines and Sample References page
Tables:See Table Guidelines.

lllustrations See Figure Submission and Sample Figures page.

Clinical Report

The clinical report describes the author's methodsneeting a patient treatment challenge. It sthoul
be no longer than 4 to 5 double-spaced, pages aratdompanied by no more than 8 high-quality
illustrations. In some situations, the Editor map@ve the publication of additional figures if yhe
contribute significantly to the manuscript.

Abstract: Provide a short, nonstructured, 1-paragraph alstinat briefly summarizes the problem
encountered and treatment administered.

Introduction: Summarize literature relevant to the problem entared. Include references to standard
treatments and protocols. Please note that mosiotifall, references should first be cited in the
Introduction and/or Clinical Report section.

Clinical Report: Describe the patient, the problem with which he/phesented, and any relevant
medical or dental background. Describe the vartoestment options and the reasons for selection of
the chosen treatment. Fully describe the treatmerdered, the length of the follow-up period, and
any improvements noted as a result of treatmeris Jdction should be written in past tense and in
paragraph form.

Discussion:Comment on the advantages and disadvantages ohtisen treatment and describe any
contraindications for it. If the text will only brepetitive of previous sections, omit the Discussio

SummaryBriefly summarize the patient treatment.
ReferencesSee Reference Guidelines and Sample References page
lllustrations See Figure Submission and Sample Figures page.

Dental Technique

The dental technique article presents, in a stegtéy format, a unique procedure helpful to dental
professionals. It should be no longer than 4 tabte-spaced, typed pages and be accompanied by
no more than 8 high-quality illustrations. In sosi@ations, the Editor may approve the publicatbn
additional figures if they contribute significantly the manuscript.

Abstract:Provide a short, nonstructured, 1-paragraph akgtracbriefly summarizes the technique.

Introduction Summarize relevant literature. Include referentmestandard methods and protocols.
Please note that most, if not all, references shbitdt be cited in the Introduction and/or Techrdq
section.

Technique:n a numbered, step-by-step format, describe emghaf the technique. The text should
be written in command rather than descriptive f@tBurvey the diagnostic cast” rather than “The
diagnostic cast is surveyed.”) Include citationstfe accompanying illustrations.

Discussion:Comment on the advantages and disadvantages t#dhieique, indicate the situations to
which it may be applied, and describe any contraattns for its use. Avoid excessive claims of
effectiveness. If the text will only be repetitigéprevious sections, omit the Discussion.

SummaryBriefly summarize the technique presented andhitsf @dvantages.
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ReferencesSee Reference Guidelines and Sample References page
lllustrations See Figure Submission and Sample Figures page.

Systematic Review

The author is advised to develop a systematic weiriethe Cochrane style and format. Tyaurnal
has transitioned away from literature reviews tetematic reviews. For more information on
systematic reviews, please see www.cochrane.org.eXample of a Journal systematic review:
Torabinejad M, Anderson P, Bader J, Brown LJ, ChdnGoodacre CJ, Kattadiyil MT, Kutsenko D,
Lozada J, Patel R, Petersen F, Puterman |, White GNcomes of root canal treatment and
restoration, implant-supported single crowns, fixpdrtial dentures, and extraction without
replacement: a systematic review. JProsthet Debit;28:285-311.

The systematic review consists of:
An Abstract using a structured format (StatemerRroblem, Purpose, Material and Methods, Results,
Conclusions).

Text of the review consisting of an introductiora¢kground and objective), methods (selection
criteria, search methods, data collection and dabalysis), results (description of studies,

methodological quality, and results of analyse®g¢ubsion, authors’ conclusions, acknowledgments,
and conflicts of interest. References should be magewed and follow JPD format.

Tables and figures, if necessary, showing chaiatitar of the included studies, specification of th
interventions that were compared, the results efititluded studies, a log of the studies that were
excluded, and additional tables and figures relet@the review.

Tips From Our Readers

Tips are brief reports on helpful or timesavinggaadures. They should be limited to 2 authors, no
longer than 250 words, and include no more thaigl quality illustrations. Describe the procedure i

a numbered, step-by-step format; write the textdmmand rather than descriptive or passive form
(“Survey the diagnostic cast” rather than “The diagjic cast is surveyed”).

Contact Information

The Journal of Prosthetic Dentistry

Editorial Office

The Journal of Prosthetic Dentistry

The Dental College of Georgia at Augusta University
1120 15th St., GC3094

Augusta, GA 30912-1255

Phone: (706) 721-4558

E-mail: JPD@augusta.edu
Website:http://www.prosdent.org

Online submissiorttp://www.ees.elsevier.com/jpd/

Submission Guidelines

Thank you for your interest in writing an articler The Journal of Prosthetic Dentistrin publishing,
as in dentistry, precise procedures are esseltial: attention to and compliance with the following
policies will help ensure the timely processing/ofir submission.

Length of Manuscripts

Manuscript length depends on manuscript type. Inegd, research and clinical science articles
should not exceed 10 to 12 double-spaced, typedspéexcluding references, legends, and tables).
Clinical Reports and Technique articles shouldexateed 4 to 5 pages, and Tips articles should not
exceed 1 to 2 pages. The length of systematicwaswviaries.

Number of Authors



71

The number of authors is limited to 4; the inclusaf more than 4nust be justifiedn the letter of
submission. (Each author’s contribution must biedig Otherwise, contributing authors in exces4 of
will be listed in the Acknowledgments. There catydre one corresponding author.

General Formatting All submissions must be submitted via the EESesysh Microsoft Word with
an 8.5x11 inch page size.

The following specifications should also be follave

e Times Roman, 12 pt

* Double-spaced

* Left-justified

* No space between paragraphs

« 1-inch margins on all sides

« Half-inch paragraph indents

» Headers/Footers should be clear of page numberther information

« Headings are upper case bold, and subheads pe€/lopver case bold. No italics are used.

» References should not be automatically numbetednote or other reference-generating programs
should be turned off.

* Set the Language feature in MS Word to EnglisB)(WAlso change the language to English (US) in
the style named Balloon Text.

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

Declaration of interest

All authors must disclose any financial and persoelationships with other people or organizations
that could inappropriately influence (bias) theiortu Examples of potential conflicts of interest
include employment, consultancies, stock ownerstipnoraria, paid expert testimony, patent
applications/registrations, and grants or othediiug. If there are no conflicts of interest theegsde
state this: 'Conflicts of interest: none'. Moreommation.

Submission declaration and verification

Submission of an article implies that the work diksxd has not been published previously (except in
the form of an abstract or as part of a publisteetule or academic thesis or as an electronic iptepr
see 'Multiple, redundant or concurrent publicatsettion of our ethics policy for more informatipn)
that it is not under consideration for publicatielsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsilluthorities where the work was carried out, and
that, if accepted, it will not be published elsevehen the same form, in English or in any other
language, including electronically without the wait consent of the copyright-holder. To verify
originality, your article may be checked by thegorality detection service CrossCheck.

Changes to authorship

Authors are expected to consider carefully the distl order of authorbefore submitting their
manuscript and provide the definitive list of auth@at the time of the original submission. Any
addition, deletion or rearrangement of author namélse authorship list should be made doéfore
the manuscript has been accepted and only if apdrtsy the journal Editor. To request such a
change, the Editor must receive the following fritmacorresponding author. (a) the reason for the
change in author list and (b) written confirmati@amail, letter) from all authors that they agreighw
the addition, removal or rearrangement. In the adsaddition or removal of authors, this includes
confirmation from the author being added or remov@dly in exceptional circumstances will the
Editor consider the addition, deletion or rearranget of authorsafter the manuscript has been
accepted. While the Editor considers the requesiligation of the manuscript will be suspended. If
the manuscript has already been published in dneoidsue, any requests approved by the Editor will
result in a corrigendum.
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Copyright

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

Subscribers may reproduce tables of contents papedists of articles including abstracts for intd
circulation within their institutions. Permissioffi the Publisher is required for resale or distridoit
outside the institution and for all other derivatiworks, including compilations and translatioris. |
excerpts from other copyrighted works are includkd,author(s) must obtain written permission from
the copyright owners and credit the source(s) éndtticle. Elsevier has preprinted forms for use by
authors in these cases.

For open access articles: Upon acceptance of aclearauthors will be asked to complete an
'‘Exclusive License Agreement' (more informatiorgrrRitted third party reuse of open access articles
is determined by the author's choice of user lieens

Author rights

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

Elsevier supports responsible sharing

Find out how you can share your research publigih&tsevier journals.

Role of the funding source

You are requested to identify who provided finahsigpport for the conduct of the research and/or
preparation of the article and to briefly describe role of the sponsor(s), if any, in study design
the collection, analysis and interpretation of datathe writing of the report; and in the decisimn
submit the article for publication. If the fundisgurce(s) had no such involvement then this shioeild
stated.

Funding body agreements and policies

Elsevier has established a number of agreemenitsfwiding bodies which allow authors to comply
with their funder's open access policies. Someifightodies will reimburse the author for the Open
Access Publication Fee. Details of existing agredgmare available online.

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, creatgacts, abstracts, and other revised versions,
adaptations or derivative works of or from an #tisuch as a translation), include in a collective

work (such as an anthology), text or data minedttele, even for commercial purposes, as long as
they credit the author(s), do not represent theaws endorsing their adaptation of the artiahel, @

not modify the article in such a way as to daméageauthor's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDe(®€ BY-NC-ND)

For non-commercial purposes, lets others distribatd copy the article, and to include in a coliexti
work (such as an anthology), as long as they cteditauthor(s) and provided they do not alter or
modify the article.

The open access fee for this journdUBD 2500 excluding taxes. Learn more about Elsevier'simyic
policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety fiemdint ways and Elsevier has a number of green
open access options available. We recommend auieersour green open access page for further
information. Authors can also self-archive theirnmscripts immediately and enable public access
from their institution's repository after an eml@aggeriod. This is the version that has been acdepte
for publication and which typically includes autkincorporated changes suggested during
submission, peer review and in editor-author conmipations. Embargo period: For subscription
articles, an appropriate amount of time is needegbiirnals to deliver value to subscribing custmme
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before an article becomes freely available to thigip. This is the embargo period and it begingrro
the date the article is formally published onlinets final and fully citable form. Find out more.

Language (usage and editing services)

Please write your text in good American Englishthfus who feel their English language manuscript
may require editing to eliminate possible gramnadtimr spelling errors and to conform to correct
scientific English may wish to use the English Laage Editing service available from Elsevier's
WebShop http://webshop.elsevier.com/languageeditimg visit our customer support site
http://support.elsevier.com for more information.

Informed consent and patient details

Studies on patients or volunteers require ethigansittee approval and informed consent, which
should be documented in the paper. Appropriateerias permissions and releases must be obtained
where an author wishes to include case detailshar @ersonal information or images of patients and
any other individuals in an Elsevier publicationritfén consents must be retained by the author and
copies of the consents or evidence that such ctsmbame been obtained must be provided to Elsevier
on request. For more information, please reviewBlsevier Policy on the Use of Images or Personal
Information of Patients or other Individuals. Urdggu have written permission from the patient (or,
where applicable, the next of kin), the person&itkeof any patient included in any part of théche

and in any supplementary materials (including lalstrations and videos) must be removed before
submission.

Submission

Our online submission system guides you stepwismitiin the process of entering your article details
and uploading your files. The system converts yauicle files to a single PDF file used in the

peerreview process. Editable files (e.g., Word, el are required to typeset your article for final

publication. All correspondence, including notiicam of the Editor's decision and requests for
revision, is sent by email.

Submit your article
Please submit your article via http://www.ees.dksecom/jpd/.

Use of word processing software

It is important that the file be saved in the natiermat of the MS Word program. The text should be
in single-column format. Keep the layout of thettag simple as possible. Most formatting codes will
be removed and replaced on processing the artitlparticular, do not use the word processor's
options to justify text or to hyphenate words. Heee do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if youwsmiag a table grid, use only one grid for each
individual table and not a grid for each row. If giad is used, use tabs, not spaces, to align awum
The electronic text should be prepared in a way génilar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier: htipuiv.elsevier.com/guidepublication). Note that
source files of figures, tables and text graphigshe required whether or not you embed your fegur

in the text. See also the section on Electronivak.

To avoid unnecessary errors you are strongly adviseuse the 'spell-check’ and ‘grammar-check’
functions of your word processor.

Embedded math equations

If you are submitting an article prepared with Meoft Word containing embedded math equations
then please read this related support information
(http://support.elsevier.com/app/answers/detailli@02/).

Essential title page information
« Title.Concise and informative. Titles are often used niforimation-retrieval systems. Avoid
abbreviations and formulae. Trade names shoulthenatsed in the title.
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» Author names and affiliationgwuthor's names should be complete first and lastesa Where the
family name may be ambiguous (e.g., a double naphedse indicate this clearly. Present the
authors' current title and affiliation, includiniget city and state/country of that affiliation. tf i
is private practice, indicate the city and stateftoy of the practice. Indicate all affiliations
with a lower-case superscript letter immediatelgrathe author's name and in front of the
appropriate affiliation.

» Corresponding authorClearly indicate who will handle correspondencealattages of refereeing
and publication, also post-publication. Ensure thilabne numbers (with country and area
code) are provided in addition to the e-mail adslt@sd the complete postal address. Contact
details must be kept up to date by the correspgralithor.

Title page format

e Title: Capitalize only the first letter of therdt word. Do not use any special formatting.
Abbreviations or trade names should not be useieTnames should not be used in the title.

« Authors: Directly under the title, type the nana@sl academic degrees of the authors.

e Under the authors’ names, provide the title, d@pent and institutional names, city/state and
country (unless in the U.S.) of each author. Ifessary, provide the English translation of the
institution. If the author is in private practigadicate where with city/state/country. Link nansesl
affiliations with a superscript letter (a,b,c,d).

» Presentation/support information and titles: déearch was presented before an organized group,
indicate name of the organization and location dai@ of the meeting. If work was supported by a
grant or any other kind of funding, supply the naofighe supporting organization and the grant
number.

 Corresponding author: List the mailing addressitess telephone, and e-mail address of the author
who will receive correspondence.

« Acknowledgments: Indicate special thanks to pesswr organizations involved with the manuscript.

» See Sample Title page.

Formatting of funding sources
List funding sources in this standard way to fé&ié compliance to funder's requirements:

Funding: This work was supported by the Nationatitotes of Health [grant numbers xxxx, yyyyl;
the

Bill & Melinda Gates Foundation, Seattle, WA [gramimber zzzz]; and the United States Institutes of
Peace [grant number aaaa].

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

If no funding has been provided for the researtdgge include the following sentence:

This research did not receive any specific graminffunding agencies in the public, commercial, or
notfor-profit sectors.

Units
Follow internationally accepted rules and converdiouse the international system of units (SI). If
other units are mentioned, please give their edgmtan Sl.

Math formulae

Please submit math equations as editable text andsnimages. Present simple formulae in line with
normal text where possible and use the solidusgéfead of a horizontal line for small fractional
terms, e.g., X/Y. In principle, variables are to fresented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively aquations that have to be displayed
separately from the text (if referred to explicittythe text).
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Embedded math equations
If you are submitting an article prepared with Mieoft Word containing embedded math equations
then please read this (related support information)

Artwork

Figure Submission

JPD takes pride in publishing only the highest quaty figures in its journal. All incoming figures
must pass a thorough examination in Photoshop beferthe review process can begin. With more
than 1,000 manuscripts submitted yearly, the manusipts with few to no submission errors
move through the system quickly. Figures that do nomeet the guidelines will be sent back to
the author for correction and moved to the bottom 6 the queue, creating a delay in the
publishing process.

File Format
All figures should be submitted as TIF files or Btes only.

Image File Specifications

Figure dimensions must be 5.75 x 3.85 inches.

Figures should be size-matched (the same physgl gnless the image type prohibits size matching
to other figures within the manuscript, as in tlasec of panoramic or periapical radiographs, SEM
images, or graphs and screen shots. Do not “lahelfaces of the figures with letters or numbers to
indicate the order in which the figures should awpesuch labels will be inserted during the
publication process. Do not add wide borders toeiase size.

Resolution

The figures should be of professional quality anghhresolution. The following are resolution
requirements:

e Color and black-and-white photographs should leated and saved at 300 dots per inch (dpi).
* Note: A 5.75 x 3.85-inch image at a resolutior300 dpi will be approximately 6 megabytes. A
figure of less than 300 dpi must not be increasdifically to 300 dpi; the resulting quality and
resolution will be poor.

* Line art or combination artwork (an illustrationntaining both line art and photograph) should be
created and saved at a minimum of 600dpi.

« Clarity, contrast, and quality should be uniformang the parts of a multipart figure and among all
of the figures within a manuscript.

e A uniform background of nontextured, medium blimdd be provided for color figures when
possible.

Text within Images

If text is to appear within the figure, labeled amdabeled versions of the figures must be provided
Text appearing within the labeled versions of tigares should be iArial font and a minimum of

10 pt. The text should be sized for readability if thgufie is reduced for production in the Journal.
Lettering should be in proportion to the drawinggmh, or photograph. A consistent font size should
be used throughout each figure, and for all figuRlsase note: Titles and captions should not appea
within the figure file, but should be provided letmanuscript text (see Figure Legends).

If a key to an illustration requires artwork (sardanes, dots, unusual symbols), the key should be
incorporated into the drawing instead of includedhie typed legend. All symbols should be done
professionally, be visible against the backgroward] be of legible proportion should the illustratio
be reduced for publication.

All microscopic photographs must have a measurermantand unit of measurement on the image.

Color Figures

Generally, a maximum of 8 figures will be acceptedclinical report and dental technique articles,
and 2 figures will be accepted for tips from ouaider articles. However, the Editor may approve the
publication of additional figures if they contrileut significantly to the manuscript.
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Clinical figures should be color balanced. Color ages should be in CMYK
(Cyan/Magenta/Yellow/Black) color format as opposeRGB (Red/Green/Blue) color format.

Graphs/Screen Captures

Graphs should be numbered as figures, and thioffibar graphs should be distinctive and solid; no
shading or patterns. Thick, solid lines should beduand bold, solid lettering. Arial font is preéat.
Place lettering on white background is preferredréverse type (white lettering on a dark
background).Line drawing should be a minimum of 890 Screen Captures should be a minimum of
300 dpi and as close to 5.75 and 3.85 as possible.

Composites

Composites are multiple images within one Figule dind, as a rule, are not accepted. They will be
sent back to the author to replace them with eangtyé sent separately as, Fig. 1A, Fig. 1B, Fig. 1C,
etc. Each figure part must meet JPD GuidelinesmgSoomposite figures are more effective when
submitted as one file. These files will be reviewsst case.) Contact the editorial office for more
information about specific composites.

Figure Legends

The figure legends should appear within the texhefmanuscript on a separate page after Tables and
should appear under the heading FIGURES. Jourylal itquires that the articles (a, an, and the) are
omitted from the figure legends. If an illustratistaken from previously published material, the
legend must give full credit to the source (seerffsions).

File Naming

Each figure file must be numbered according t@dsition in the text (Figure 1, Figure 2, and s on
with Arabic numerals. The electronic image filesstbe named so that the figure number and format
can be easily identified. For example, a Figure TlFF format should be named fig. 1.tif. Multipart
figures must be clearly identifiable by the filenmss: Fig. 1A, Fig. 1B, Fig. 1C, Fig. 1-unlabeled.F
1-labeled, etc.

Callouts

In the article, clearly reference each Figure aabld by including its number in parentheses at the
end of the appropriate sentence before closingtpation. For example: The sutures were removed
after 3 weeks (Fig. 4). Or: are illustrated in Teal

TheJournalreserves the right to standardize the format gblggaand tables.

Authors are obligated to disclose whether illugtrzg have been modified in any way.

Thumbnails

Place thumbnails (reduced size versions) of yoguiréis in Figures section below each appropriate
legend.

Thumbnails refers to placing a small (compressedl ¢opy of your figure into the FIGURES section
of the manuscript after each appropriate legendsidaller than 2" x 1.5" and approximately 72dpi.
The goal is to give the editors/reviewers somethingeview but we want to keep the dimensions and
the file size small for easy access. These smaljan are called thumbnails.

Figures Quick Checklist

« All files are saved as TIFFs or JPEGs (only).

* Figure size: 5.75" x 3.85" (radiographs, SEMS, saeten captures may vary but they must all be
size matched).

* Figures are 300 dpi; line or combo line/photosifations are minimum 600 dpi.

 For text in figures use Ariel font.

 Label the Figure files according to their sequandée text.

* Provide figure legends in the manuscript Figuctisa.
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* Place thumbnails (small versions of figure filggm@x. 2" x 1.5") in Figure section below each
legend.
» Submit composite figure parts as separate files.

A detailed guide to electronic artwork is available our website: You are urged to visit this site;
some excerpts from the detailed information aboiduré preparation are given here.
http://www.elsevier.com/artworkinstructions.

Please make sure that artwork files are TIFFs aitid thve correct resolution. If, together with your
accepted article, you submit usable color figuhesitElsevier will ensure, at no additional chatbet
these figures will appear in color online (e.g.je8ceDirect and other sites) in addition to color
reproduction in print. For further information ohet preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

lllustration services

Elsevier's WebShop ( http://webshop.elsevier.cdustilationservices) offers lllustration Services to
authors preparing to submit a manuscript but corezeabout the quality of the images accompanying
their article. Elsevier's expert illustrators canduce scientific, technical, and medical-style ges

as well as a full range of charts, tables, and ligapmage 'polishing' is also available, where our
illustrators take your image(s) and improve thera fwofessional standard. Please visit the website
find out more.

Electronic Artwork

General points

« Make sure you use uniform lettering and sizing.

« Embed the used fonts if the application provithes option.

* Use the font Ariel or Helvetica in your illustias.

* Number the illustration files according to the@quence in the text.

« Use a logical naming convention for your artwéids.

* Provide figure legends in the Figure section.

« Size the illustrations close to the desired disn@ms of the published version.
« Submit each illustration as a separate file.

A  detailed guide on electronic artwork is availableon our  website:
http://www.elsevier.com/artworkinstructiongou are urged to visit this site; some excerpts fro
the detailed information are given here.

Formats

If your electronic artwork is created in a Micras@fffice application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document farmat

Regardless of the application used other than MaftoOffice, when your electronic artwork is

finalized, please 'Save as' or convert the imageme of the following formats (note the resolution
requirements for line drawings, halftones, and/liatone combinations given below):

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

TIFF (or JPEG): Bitmapped (pure black & white p®dine drawings, keep to a minimum of 600 dpi.
TIFF (or JPEG): Combinations bitmapped line/hatf@qcolor or grayscale), keep to a minimum of
600 dpi.

Please do not:

« Supply files that are optimized for screen usg.(&IF, PNG, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

« Supply files that are too low in resolution? oradler than 5.75 x 3.85-inch.;

« Submit graphics that are disproportionately Idagehe content.

Color artwork
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Please make sure that artwork files are in an aabkpformat (TIFF or JPEG) and with the correct
size and resolution. If, together with your accdpéaticle, you submit usable color figures then
Elsevier will ensure, at no additional charge, ttiese figures will appear in color online (e.g.,
ScienceDirect and other sites) in addition to coémroduction in print. For further information tre
preparation of electronic artwork, please see Mipw.elsevier.com/artworkinstructions.

lllustration services

Elsevier's WebShop offers lllustration Servicesatgthors preparing to submit a manuscript but
concerned about the quality of the images accompagrkeir article. Elsevier's expert illustratoemnc
produce scientific, technical and medical-style gem as well as a full range of charts, tables and
graphs. Image 'polishing' is also available, wiaeneillustrators take your image(s) and improvenithe
to a professional standard. Please visit the websitind out more.

Figure captions

Ensure that each illustration has a caption. Suppptions separately, not attached to the figure. A
caption should comprise a brief titleot on the figure itself) and a description of thesthation. Keep
text in the illustrations themselves to a minimuat explain all symbols and abbreviations used. See
Sample Figures page.

Tables

« Tables should be self-explanatory and should supght, not duplicate the text.

* Provide all tables at the end of the manuscrifgrahe reference list and before the Figures. &her
should be only one table per page. Omit internakbatal and vertical rules (lines). Omit any shredi

or color.

* Do not list tables in parts (Table Ia, Ib, etExch should have its own number. Number the tables
the order in which they are mentioned in the t&sble 1., Table 2, etc).

» Supply a concise legend that describes the coofetie table. Create descriptive column and row
headings. Within columns, align data such thatrdatipoints may be traced in a straight line. Use
decimal points (periods), not commas, to mark [Hamzest the integer (eg, 3.5 rather than 3,5).

« In a line beneath the table, define any abbrevnatused in the table.

« If a table (or any data within it) was publisheéyously, give full credit to the original sourzea
footnote to the table. If necessary, obtain perimist reprint from the author/publisher.

« The tables should be submitted in Microsoft Wdfrd. table has been prepared in Excel, it should be
imported into the manuscript.

References

Citation in text

Please ensure that every reference cited in thestekso present in the reference list (and veesa).
Any references cited in the abstract must be giirerfull. Unpublished results and personal
communications are not permitted in the refererstedut may be mentioned in the text. Citatioraof
reference as 'in press' implies that the item le@s laccepted for publication.

Reference links

Increased discoverability of research and highityupker review are ensured by online links to the
sources cited. In order to allow us to create litkabstracting and indexing services, such as8;op
CrossRef and PubMed, please ensure that data pobindthe references are correct. Please note that
incorrect surnames, journal/book titles, publicatigear and pagination may prevent link creation.
When copying references, please be careful as rtiey already contain errors. Use of the DOI is
encouraged.

A DOI can be used to cite and link to electronitickes where an article is in-press and full caati
details are not yet known, but the article is alsl# online. A DOI is guaranteed never to change, s
you can use it as a permanent link to any eleatrarticle. An example of a citation using DOI faor a
article not yet in an issue is: VanDecar J.C., BiBM., James D.E., Ambeh W.B., Franke M. (2003).
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Aseismic continuation of the Lesser Antilles slabnéath northeastern Venezuela. Journal of
Geophysical Research, https://doi.org/10.1029/2B0Q0884. Please note the format of such citations
should be in the same style as all other refereincém paper.

Data references

This journal encourages you to cite underlyingedevant datasets in your manuscript by citing them
in your text and including a data reference in yReference List. Data references should include the
following elements: author name(s), dataset tithga repository, version (where available), yead, a
global persistent identifier. Add [dataset] immeelip before the reference so we can properly ifienti

it as a data reference. The [dataset] identifidlrneit appear in your published article.

Acceptable references and their placement

* Most, if not all, references should first be citedthe Introduction and/or Material and Methods
section. Only those references that have beenqurslyi cited or that relate directly to the outcoroés
the present study may be cited in the Discussion.

« Only peer-reviewed, published material may bedcés a reference. Manuscripts in preparation,
manuscripts submitted for consideration, and uriphietl theses are not acceptable references.

* Abstracts are considered unpublished observatindsare not allowed as references unless followup
studies were completed and published in peer-readgaurnals.

» References to foreign language publications shbaldéept to a minimum (no more than Bhey

are permitted only when the original article has beenranslated into English. The translated title
should be cited and the original language notdatackets at the end of the citation.

» Textbook references should be kept to a minimwneatbooks often reflect the opinions of their
authors and/or editors. The most recent editiortextbooks should be used. Evidence-based journal
citations are preferred.

Reference formatting

» References must be identified in the body of ttiela with superscript Arabic numerals. At the end
of a sentence, the reference number tdtisrthe period.

« The complete reference list, double-spaced antluimerical order, should follow the Conclusions
section but start on a separate page. Only refesecited in the text should appear in the reference
list.

» Reference formatting should conformMtancouver styleas set forth in “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals” (Antern Med 1997;126:36-47).

» References should be manually numbered.

« List up to six authors. If there are seven or mafter the sixth author's name, add et al.

* Abbreviate journal names per tlgumulative Index Medicus A complete list of standard
abbreviations is available through the PubMed websi
http://www.ncbi.nim.nih.gov/nimcatalog/journals.

« Format for journal articles: Supply the last naragd initials of all authors; the title of the ah;
the journal name; and the year, volume, and pageats of publication. Do not use italics, bold, or
underlining for any part of the reference. Put agueafter the initials of the last author, afteet
article title, and at the end of the reference. &@sémicolon after the year of publication and larco
after the volumelssue numbers are not used in Vancouver style

e Ex: Jones ER, Smith IM, Doe JQ. Uses of acrylgirrel Prosthet Dent 1985;53:120-9.

* Book References: The most current edition mustited. Supply the names and initials of all
authors/editors, the title of the book, the citypoblication, the publisher, the year of publicatiand
the inclusive page numbers consulted. Do not wdest bold, or underlining for any part of the
reference.

» Ex: Zarb GA, Carlsson GE, Bolender CL. Boucher@sthodontic treatment for edentulous patients.
11th ed. St. Louis: Moshy; 1997. p. 112-23.

References should not be submitted in Endnote or loér reference-generating software. Endnote
formatting cannot be edited by the Editorial Office or reviewers, and must be suppressed or
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removed from the manuscript prior to submission. No should references be automatically
numbered. Please number manually.

See Sample Manuscript.

Approved Abbreviations for Journals

Because thdournal of Prosthetic Dentistrig published not only in print but also online,faars must
use the standard PubMed abbreviations for jourthes t If alternate or no abbreviations are uskd, t
references will not be linked in the online publica. A complete list of standard abbreviations is
available through the PubMed website: http://wwWindm.nih.gov/nimcatalog/journals.

Video

Elsevier accepts video material and animation ssrpse to support and enhance your scientific
research. Authors who have video or animation fitet they wish to submit with their article are
strongly encouraged to include links to these wuitthie body of the article. This can be done in the
same way as a figure or table by referring to fidew or animation content and noting in the body te
where it should be placed. All submitted files diddae properly labeled so that they directly relate
the video file's content. In order to ensure thatiryvideo or animation material is directly usable,
please provide the files in one of our recommerfdedormats with a preferred maximum size of 150
MB. Video and animation files supplied will be pigbled online in the electronic version of your
article in Elsevier Web products, including Scidbect. Please supply 'stills' with your files: you
can choose any frame from the video or animatiomake a separate image. These will be used
instead of standard icons and will personalize lihk to your video data. For more detailed
instructions please visit our video instruction @agNote: since video and animation cannot be
embedded in the print version of the journal, pdepovide text for both the electronic and the tprin
version for the portions of the article that refethis content.

Supplementary material

Supplementary material such as applications, imagek sound clips, can be published with your

article to enhance it. Submitted supplementarystane published exactly as they are received (Excel
or PowerPoint files will appear as such onlinegaBke submit your material together with the article

and supply a concise, descriptive caption for eagplementary file. If you wish to make changes to

supplementary material during any stage of the gg®cplease make sure to provide an updated file.
Do not annotate any corrections on a previous erré?lease switch off the "Track Changes' option in

Microsoft Office files as these will appear in {ablished version.

AudioSlides

The journal encourages authors to create an AudesSlpresentation with their published article.
AudioSlides are brief, webinar-style presentatidhat are shown next to the online article on
ScienceDirect. This gives authors the opporturdtgiummarize their research in their own words and
to help readers understand what the paper is abtare information and examples are available.
Authors of this journal will automatically receiven invitation e-mail to create an AudioSlides
presentation after acceptance of their paper.

Submission Checklist

The following list will be useful during the finghecking of an article before sending it to therjal
for review. Please consult this Guide for Authamsflirther details of any itenkEnsure the following
itemsare present:

One author has been designated as the correspandimgr with contact details:
» Email address

* Full postal address

* Phone number

All necessary files have been uploaded, and cothaifollowing:
« All figure thumbnails and legends
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« All tables (including title, description, footrest)
« Justification letter for more than 4 authors

« Patient photo permission

¢ IRB statements

Further considerations:

» Manuscript has been 'spell-checked' and 'granuimecked’

* References are in the correct format for thisnau

* All references mentioned in the Reference listated in the text, and vice versa

» There are call-outs for each figure in the text

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

For any further information please visit our custonsupport site at http://support.elsevier.com.
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ANEXO B — NORMAS PARA PUBLICACAO NO PERIODICO DENTAL
MATERIALS

GUIDE FOR AUTHORS

Authors are requested to submit their original nsanipt and figures via the online submission and
editorial system for Dental Materials. Using thidioe system, authors may submit manuscripts and
track their progress through the system to pubtinatReviewers can download manuscripts and
submit their opinions to the editor. Editors cannage the whole submission/review/revise/publish
process. Please register at: http://ees.elseviefdemma.

Dental Materials now only accepts online submission

The Artwork Quality Control Tool is now available tisers of the online submission system. To help
authors submit high-quality artwork early in theqgess, this tool checks the submitted artwork and
other file types against the artwork requirementflireed in the Artwork Instructions to Authors
onhttp://www.elsevier.com/artworkinstructions. Thetwork Quality Control Tool automatically
checks all artwork files when they are first upleddEach figureffile is checked only once, so feirth
along in the process only new uploaded files wlichecked.

Manuscripts

The journal is principally for publication of Orimgal Research Reports, which should preferably
investigate a defined hypothesis. Maximum lengjbwnal pages (approximately 20 double-spaced
typescript pages) including illustrations and table

Systematic Reviews will however be considered.nditeg authors should communicate with the
Editor beforehand, by email, outlining the proposedpe of the review. Maximum length 10 journal
pages (approximately 33 double-spaced typescrggg)ancluding figures and tables. Three copies of
the manuscript should be submitted: each accomgdmyiex set of illustrations. The requirements for
submission are in accordance with the "Uniform Rexpents for Manuscripts Submitted to
Biomedical Journals”, Annals of Internal Medicid®97,126, 36-47. All manuscripts must be written
in American English. Authors are urged to writecasicisely as possible. The Editor and Publisher
reserve the right to make minimal literary correct for the sake of clarity. Authors for whom
English is not the first language should have thenuscripts read by colleagues fluent in English.
extensive English corrections are needed, authag be charged for the cost of editing. For
additional reference, consult issues of Dental Kt published after January 1999or the Council of
Biology Editors Style Manual (1995 ed.).

All manuscripts should be accompanied by a lettdramsmittal, signed by each author, and stating
that the manuscript is not concurrently under abgrsition for publication in another journal, thiit a
of the named authors were involved in the workileguto the publication of the paper, and thatfzd t
named authors have read the paper before it isitednfor publication. Always keep a backup copy
of the electronic file for reference and safety.nMscripts not conforming to the journal style viid
returned. In addition, manuscripts, which are naitten in fluent English, will be rejected
automatically without refereeing.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbersections. Subsections should be numberedl.1
(then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstmmctat included in section numbering). Use this neirinig

also for internal cross-referencing: do not jusereo 'the text'. Any subsection may be given iafbr
heading. Each heading should appear on its ownaegdane.

Introduction

This must be presented in a structured format, raoyethe following subjects, although actual
subheadings should not be included:

« succinct statements of the issue in question;

« the essence of existing knowledge and understgrmiirtinent to the issue (reference);



83

 the aims and objectives of the research beingrtep relating the research to dentistry, where not
obvious.

Materials and methods

« describe the procedures and analytical techniques

« only cite references to published methods.

* include at least general composition detailslasidh numbers for all materials.
* identify names and sources of all commercial pobsle.g.

"The composite (Silar, 3M Co., St. Paul, MN, USA)..

"... an Au-Pd alloy (Estheticor Opal, Cendres etavg, Switzerland)."

* specify statistical significance test methods.

Results

« refer to appropriate tables and figures.

« refrain from subjective comments.

« make no reference to previous literature.
* report statistical findings.

Discussion

 explain and interpret data.

» state implications of the results, relate to coasifon.
« indicate limitations of findings.

* relate to other relevant research.

Conclusion (if included)
« must NOT repeat Results or Discussion
* must concisely state inference, significances@mrsequences

Appendices

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

Essential title page information

» Title. Concise and informative. Titles are oftesed in information-retrieval systems. Avoid
abbreviations and formulae where possible.

» Author names and affiliations. Please clearlyigate the given name(s) and family name(s) of each
author and check that all names are accuratelfesbétresent the authors' affiliation addressefeh
the actual work was done) below the names. Indiglhtfiliations with a lower case superscriptéet
immediately after the author's name and in frorthefappropriate address.

Provide the full postal address of each affiliatiocluding the country name and, if available ethe
mail address of each author.

 Corresponding author. Clearly indicate who wiinklle correspondence at all stages of refereeing
and publication, also post-publication. Ensuré tha e-mail address is given and that contactildeta
are kept up to date by the corresponding author.

« Present/permanent address. If an author has nginee the work described in the article was done,
or was visiting at the time, a 'Present addressP@manent address') may be indicated as a figotno
to that author's name. The address at which tHeomaictually did the work must be retained as the
main, affiliation address. Superscript Arabic nuateare used for such footnotes.

Abstract (structured format)

*» 250 words or less.

« subheadings should appear in the text of theradishas follows: Objectives, Methods, Results,
Significance. (For Systematic Reviews: Objecti@ata, Sources, Study selection, Conclusions). The
Results section may incorporate small tabulatidrdata, normally 3 rows maximum.
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Keywords
Up to 10 keywords should be supplied e.g. dentaérizd, composite resin, adhesion.

Abbreviations

Define abbreviations that are not standard inftbid in a footnote to be placed on the first paféhe
article. Such abbreviations that are unavoidabldhéabstract must be defined at their first mentio
there, as well as in the footnote. Ensure consigtehabbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate sectiomeagnd of the article before the references and do
not, therefore, include them on the title pageadsotnote to the title or otherwise. List heresiho
individuals who provided help during the researelg ( providing language help, writing assistarrce o
proof reading the article, etc.).

Units
Follow internationally accepted rules and convergiouse the international system of units (SI). If
other units are mentioned, please give their edgmtan Sl.

Math formulae

Please submit math equations as editable text andsnimages. Present simple formulae in line with
normal text where possible and use the soliduingfead of a horizontal line for small fractional
terms, e.g., X/Y. In principle, variables are to fresented in italics. Powers of e are often more
conveniently denoted by exp. Number consecutively aquations that have to be displayed
separately from the text (if referred to explicittythe text).

Embedded math equations

If you are submitting an article prepared with Meoft Word containing embedded math equations
then please read this related support information
(http://support.elsevier.com/app/answers/detaillid02/).

Footnotes

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

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizingair original artwork.

« Embed the used fonts if the application provithes option.

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

* Number the illustrations according to their seteein the text.

« Use a logical naming convention for your artwéids.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired disn@ms of the published version.

« Submit each illustration as a separate file.

A detailed guide on electronic artwork is availableon our  website:
http://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerptarftbe detailed information are given here.

Formats
If your electronic artwork is created in a Micros6fffice application (Word, PowerPoint, Excel) then
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please supply ‘as is' in the native document fariRagardless of the application used other than
Microsoft Office, when your electronic artwork isdlized, please 'Save as' or convert the images to
one of the following formats (note the resolutieguirements for line drawings, halftones, and
line/halftone combinations given below):

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

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

TIFF (or JPEG): Bitmapped (pure black & white psjeline drawings, keep to a minimum of 1000
dpi.

TIFF (or JPEG): Combinations bitmapped line/halfeqcolor or gray scale), keep to a minimum of
500 dpi. Please do not:

* Supply files that are optimized for screen usg.(&IF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

« Supply files that are too low in resolution;

» Submit graphics that are disproportionately l&ayehe content.

Color artwork

Please make sure that artwork files are in an aabkpformat (TIFF (or JPEG), EPS (or PDF), or MS
Office files) and with the correct resolution. tibgether with your accepted article, you submitilesa
color figures then Elsevier will ensure, at no ¢éiddial charge, that these figures will appear iloico
online (e.g., Science Direct and other sites) mlgas of whether or not these illustrations are
reproduced in color in the printed version. Fotocareproduction in print, you will receive
information regarding the costs from Elsevier afieceipt of your accepted article. Please indicate
your preference for color: in print or online onliyor further information on the preparation of
electronic artwork, please see http://www.elsew@n/artworkinstructions.

Please note: Because of technical complications dha arise by converting color figures to 'gray
scale' (for the printed version should you not fgptcolor in print) please submit in addition usabl
black and white versions of all the color illustoars.

Captions to tables and figures

« list together on a separate page.

* should be complete and understandable aparttfertext.

« include key for symbols or abbreviations use#igures.

« individual teeth should be identified using tHel Ewo-digit system.

Tables

Please submit tables as editable text and notagesn Tables can be placed either next to thearelev
text in the article, or on separate page(s) aetite Number tables consecutively in accordance with
their appearance in the text and place any taliesnmelow the table body. Be sparing in the use of
tables and ensure that the data presented in thenotdduplicate results described elsewhere in the
article. Please avoid using vertical rules.

References

Must now be given according to the following nurnesystem:

Cite references in text in numerical order. Useasgbrackets: in-line, not superscript e.g. [23]. A
references must be listed at the end of the pdpeble-spaced, without indents. For example: 1.
Moulin P, Picard B and Degrange M. Water resistaiagesin-bonded joints with time related to alloy
surface treatments. J Dent, 1999; 27:79-87. 2.0frdyF, Bayne SC, Sturdevant JR and Wilder AD.
Comparison of direct and indirect methods for arialy wear of posterior composite restorations.
Dent Mater, 1989; 5:157-160. Avoid referencing edugt if possible. If unavoidable, reference as
follows: 3. Demarest VA and Greener EH .Storage uticahd interaction parameters of experimental
dental composites. J Dent Res, 1996; 67:221, ANstr868.

Citation in text
Please ensure that every reference cited in thestekso present in the reference list (and veesa).
Any references cited in the abstract must be giwerfull. Unpublished results and personal
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communications are not recommended in the referistcdut may be mentioned in the text. If these
references are included in the reference list tteyuld follow the standard reference style of the
journal and should include a substitution of thélmation date with either 'Unpublished results' or
'Personal communication'. Citation of a refereredrapress' implies that the item has been acdepte
for publication.

Reference links

Increased discoverability of research and highityjupker review are ensured by online links to the
sources cited. In order to allow us to create litmkabstracting and indexing services, such as\&gop
CrossRef and PubMed, please ensure that data prbindhe references are correct. Please note that
incorrect surnames, journal/book titles, publicatigear and pagination may prevent link creation.
When copying references, please be careful as rtiay already contain errors. Use of the DOI is
encouraged.

Web references

As a minimum, the full URL should be given and ttsde when the reference was last accessed. Any
further information, if known (DOI, author namesates, reference to a source publication, etc.),

should also be given. Web references can be |stpdrately (e.g., after the reference list) under a
different heading if desired, or can be includethim reference list.

References in a special issue
Please ensure that the words 'this issue' are addad/ references in the list (and any citationthie
text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have a standard templatéladla in key reference management packages.
This covers packages using the Citation Style Laggu such as Mendeley
(http://www.mendeley.com/features/reference-manjageand  also  others like  EndNote
(http://www.endnote.com/support/enstyles.asp) and efelRnce Manager
(http://refman.com/support/rmstyles.asp). Usinggghs to word processing packages which are
available from the above sites, authors only needefect the appropriate journal template when
preparing their article and the list of referenaesl citations to these will be formatted accordimg
the journal style as described in this Guide. Trec@ss of including templates in these packages is
constantly ongoing. If the journal you are lookiiog does not have a template available yet, please
see the list of sample references and citationsiged in this Guide to help you format these
according to the journal style. If you manage ymgearch with Mendeley Desktop, you can easily
install the reference style for this journal bycking the link below: http://open.mendeley.com/use-
citation-style/dental-materials. When preparing rymanuscript, you will then be able to select this
style using the Mendeley plugins for Microsoft WandLibreOffice. For more information about the
Citation Style Language, visit http://citationstylerg.

Reference style

Text: Indicate references by number(s) in squaaekats in line with the text. The actual authons ca
be referred to, but the reference number(s) mustya be given. Example: '..... as demonstrated.[3,6
Barnaby and Jones [8] obtained a different resultist: Number the references (numbers in square
brackets) in the list in the order in which theypeaar in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.AJ. Hanraads, R.A. Lupfbme art of writing a scientific article, J. Sci.
Commun.163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of 8fyfourth ed., Longman, New York, 2000.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an &lmac version of your article, in: B.S. Jones,
R.Z.
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Smith (Eds.), Introduction to the Electronic AgePEblishing Inc., New York, 2009, pp. 281-304.
Journal abbreviations source

Journal names should be abbreviated accordingethist of Title Word Abbreviations:
http://www.issn.org/services/online-services/acdesthe-ltwa/.

Submission checklist

The following list will be useful during the finahecking of an article prior to sending it to tbernal
for review. Please consult this Guide for Autharsftirther details of any item.

Ensure that the following items are present:

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

* E-mail address

* Full postal address

All necessary files have been uploaded, and cantain

* Keywords

« All figure captions

« All tables (including title, description, footrest)

Further considerations

» Manuscript has been 'spell-checked' and 'granuinecked’

» References are in the correct format for thisrhal

« All references mentioned in the Reference list@ted in the text, and vice versa

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

Printed version of figures (if applicable) in colmrblack-and-white

« Indicate clearly whether or not color or blacldamhite in print is required.

» For reproduction in black-and-white, please sypplack-and-white versions of the figures for
printing purposes.

For any further information please visit our cuséorsupport site at http://support.elsevier.com.



