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RESUMO

Dissertacao de Mestrado
Programa de Pés-Graduagédo em Ciéncias Odontologicas
Universidade Federal de Santa Maria

EFEITO DO DESGASTE COM INSTRUMENTOS DIAMANTADOS E D A
DEGRADACAO A BAIXAS TEMPERATURAS NO COMPORTAMENTO
MECANICO DE UMA CERAMICA Y-TZP
AUTOR: GABRIEL KALIL ROCHA PEREIRA
ORIENTADOR: LUIZ FELIPE VALANDRO
Data e Local da Defesa: Santa Maria, 05 de agesghil4

Objetivos: (1) Comparar os efeitos do desgaste da ceramicZPY gerados por lixas e
pontas diamantadas (com granula¢des semelhantes)cramorfologia da superficie,
na transformacdo de fase-(tn), na resisténcia a flexdo biaxial e confiabilielad
estrutural (analise dé&/eibull), (2) Avaliar o efeito da LTD nos desfechos citadgima.
Métodos: Trezentos e sessenta discos (15 mm x 1,2 mm) deZP/-Toram
confeccionados segundo as instrugdes da ISO 6&0D8- para ensaios de flexdo em
material ceramico e sinterizados de acordo comeasmendacfes do fabricante,
posteriormente foram divididos em grupos, de acardm dois fatores em estudo:
“tratamento de superficie da ceraniieeéb niveis (sem tratamento, disco de granulacao
120, ponta diamantada de granulacdo super grossa de granulacdo 600, ponta
diamantada extra fina) e “LTD” - 2 niveis (sem angoPara abrasdo com lixas de
diferentes granulacdes foi utilizada uma politemguanto que para a abrasao com as
pontas diamantadas foi utilizado um dispositivo gaeantiu a perpendicularidade da
ponta diamantada a superficie da amostra, padraozas movimentos de abraséo e a
pressdo aplicada. A LTD foi realizada em autoclksoie 134° C a 2 bar por 20 horas.
Resultados:Nossos achados suportam que a LTD embora promoaassento de fase
monoclinica e alteragcbes micromorfolégicas ndo mauperda de propriedades
mecanicas da zircOnia, o desgaste em primeiro mriambém ndo promoveu, mas
quando esta superficie foi submetida aos efeitdsT@y os defeitos introduzidos pelo
desgaste podem ser prejudiciais a resisténcia deriala Sob um ponto de vista
metodolégico o uso de discos diamantados ndo dewvemspregado para simular o
desgaste executado clinicamente com pontas diade@oncluséo: Dessa forma o
desgaste da superficie da zirconia deve ser evitadmando necessario deve ser
realizado com instrumentos de menor granulagao.

Palavras-chave: Instrumentos Odontoldgicos. Protese Dental. Car@mMateriais
Odontoldgicos. Zircdnia parcialmente estabilizadagxido de itrio.



ABSTRACT

Master Course Degree
Post Graduate Program in Dental Science
Federal University of Santa Maria

EFFECT OF GRINDING WITH DIAMOND INSTRUMENTS AND LOW -
TEMPERATURE DEGRADATION ON THE MECHANICAL BEHAVIOR OF A
Y-TZP CERAMIC.

AUTHOR: GABRIEL KALIL ROCHA PEREIRA
ADVISER: LUIZ FELIPE VALANDRO

Defense Place and Date: Santa Maria, 05 August 201

Objectives: (1) Compare the effects of grinding on a Y-TZPaoeic executed by
diamond discs and diamond burs (with similar gizes) in the micromorphology of
surface, phase transformation-(t), flexural strength and structural reliability
(Weibull analysis), (2) evaluate the effect of LTIDw-temperature degradation) in the
outcomes mentioned abowethods: Three hundred and sixty discs (15mm x 1,2 mm)
of Y-TZP were made according to ISO 6872 — 2008 l&ural strength determination
on ceramic materials and sintered according tontla@ufacturer's instructions, than
they were divided into groups according to two daestin study: “surface treatment” - 5
levels (without treatment, extra-fine diamond b@égQO-grit diamond disc, coarse
diamond bur and 120-grit diamond disc) and “LTD” Dfevels (with and without). For
grinding with diamond discs a polishing machine veasployed, while for grinding
with diamond burs a device was employed to asseeperpendicularity between
diamond tip and abrading surface, that way the sifmmamovements and the applied
pressure were standardized. The LTD was induceaa iautoclave at 134°C under 2 bar
for 20 hoursResults: Our findings support that LTD although promotedréase in m-
phase content and micromorphological alterationd dot promoted decrease in
zirconia’'s mechanical properties, grinding at atfimoment did not affected too, but
when ground Y-TZP was submitted to the LTD effedtee defects introduced by
grinding could be detrimental to the material 9st@sice. From a methodological point
of view, diamond discs should not be employed nousate clinical abrasion performed
with diamond burs on Y-TZP ceramidSonclusion: Thus grinding of zirconia should
be avoided and when it was really necessary todls lew grit sizes should be
employed.

Key Words: Dental instruments. Dental prosthesis. Ceramicent®l materials.
Zirconium oxide partially stabilized by yttrium.
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1. INTRODUCAO GERAL

Atualmente, existe no mercado um grande numero isieng|s ceramicos
disponiveis para o uso clinico (Blatz et al. 20B&n et al. 2008). Com o avan¢o dos
procedimentos CAD/CAMdomputer assisted design/computer assisted maghinos
anos 80, foram criadas alternativas aos sistenmasenoionais otimizando os materiais
ceramicos (Kamada et al. 1998). Dentre estes, poslemestacar a zircbnia, cujas
propriedades apresentam boa estabilidade quindcaensional, resisténcia mecanica e
tenacidade, além de modulo de Young na mesma oddgegrandeza das ligas de aco
inoxidavel (Piconi & Maccauro 1999).

As propriedades mecanicas da zircOnia sdo hoje as aftas reportadas entre
todas as ceramicas dentarias. Isto pode permigaliZzacdo de proteses parciais fixas
posteriores e permitir uma redugao substancial spessura da infraestrutura. Estas
capacidades sao altamente atrativas para prétat@ideonde resisténcia e estética sao
proeminentes (Denry & Kelly 2008).

A zirconia € um polimorfo que ocorre em trés forroastalinas: a zircénia pura é
monoclinica (m) a temperatura ambiente até 117@%na desta temperatura, 0s
cristais passam a forma tetragonal (t) e acima 3L, a conformacado cristalina
estavel € a cubica (c). Durante o resfriamentoraastormacdo de fase-im esta
associada a um aumento de volume de aproximadarBete A tensdo gerada por
esta expansao pode originar trincas na estrutucamdanica (Piconi & Maccauro 1999).
Por este motivo, adicionaram-se Oxidos “estabibizes’ a zirconia pura, permitindo
que a conformacao tetragonal se mantenha em tetm@eaanbiente.

Porém, apesar de a zirconia apresentar em sua s@apaxidos que a estabiliza
a temperatura ambiente, ela pode sofrer modificdedfase t(— m) basicamente pela
acado de dois processos: devido a aplicacdo de ¢wgsdo) ou a acdo de baixas
temperaturasldgw-temperature degradatiyr(Kobayashi et al. 1981; Sato & Shimada
1985; Papanagiotou 2006; Chevalier et al. 2007).

A LTD (Low-Temperature degradatiprfoi pela primeira vez reportada por
Kobayashi et al. (1981), que demonstrou que estar@@spontaneamente quando a
zircOnia € exposta a umidade e a baixas tempesafLs® — 400° C) por longo periodo

de tempo. Lughi & Sergo (2010) descreveu este femdndemonstrando que a LTD
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ocorre em amostras de zircOnia pura estabilizacapio menos 2,5 mol%,03, e que
esta transformacg&e-m ocorre inicialmente na superficie da amostra &eepénetra no
corpo do material, o crescimento da area de tramsigfo resulta em introducédo de
falhas, perda de materiagr@ain pullou) e aumento da rugosidade superficial o que
acaba por conduzir a uma diminuicdo da resist&hzienaterial, sendo possivelmente
causada e certamente acelerada pelo vapor de agoidade.

Além da LTD, outros fatores que podem alterar apnedades mecanicas da
zirconia sdo ajustes da superficie de cimentacaa@ed@micas Y-TZP, através de
desgaste e/ou polimento para um melhor assentanuentoeca protética, que sao
geralmente executados pelo dentista ou pelo protéf\boushelib et al. 2009). O
desgaste da superficie apds a sinterizagdo criacamada de tensdo compressiva,
devido a transformacdd—m, porém alguns defeitos superficiais podem ser
introduzidos na superficie do material, quando afymdidade destes defeitos
introduzidos é maior do que a camada compressivaafta, eles podem atuar como
zonas de concentracao de tensdo, o que diminuigaisténcia da peca (Kosmac et al.
1999; Guazzato et al. 2005). Ja quando estes akef&ib menores do que a camada de
tensdo compressiva formada esta transformacao éfidsenpois resulta em um
fechamento parcial das micro-falhagack), aumentando a resisténcia do material a
propagacao de trincas (Kamada et al. 1998).

Kosmac et al. 1999, 2007 e 2008 notou que quandl@sécutados desgastes na
superficie da ceramica Y-TZP com brocas diamantadas foi promovida grande
alteracéo de fage-»m e foi introduzido uma grande quantidade de defeithsaterial,

0 que levou a degradacdo de propriedades mecahistes trabalhos atribuiram esse
fato ao uso de alta rotacéo para o desgaste, egoe ha um aumento significativo da

temperatura na superficie da zircbnia o que podddasencadeado uma transformacéo
reversam - t, 0 que também pode ser atribuido a uma refrigerangdiciente durante

o desgaste, desta forma nao foi promovida a formalg uma camada de tensao
compressiva residual pela transformagaeornte os defeitos introduzidos agiram como
fatores de concentracdo de tenséo levando a freataatréfica do material.

Em termos de reprodutibilidade metodoldgica, odesdixas pode ser mais viavel
em relacdo a pontas diamantadas a medida que petdEm ser usadas em
equipamentos tipo politriz, com o qual é possiagrpnizar as condi¢des de teste. Por
outro lado, o uso de lixas pode nao representandigdo clinica de uso de pontas
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diamantadas para desgaste de superficies de eggiasy como a superficie interna de
infraestruturas de ceramica Y-TZP.

Diante destes aspectos, a analise do comportardargiwconia apds o tratamento
de superficie e o0 efeito da LTD sobre essa sujpeffiomada apos a abraséo parece ser
pertinente, a medida que este procedimento é ceiramente usado na clinica e néo
existe consenso na literatura a cerca da degradasioropriedades mecanicas que este
material pode sofrer quando submetido a estes giroeatos. Além disso, a formacéo
da camada compressiva pode levar a um aumentsidé€reia do material dificultando
a propagacao de trincas, mas pode levar a uma reaseeptibilidade do material a

LTD (Kim et al. 2010), levando o material a fallastréfica a longo prazo.
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2. OBJETIVOS GERAIS

(1) - Investigar e comparar os efeitos promovidos pekgaste feitos com lixas
e pontas diamantadas na superficie, transformagdasé e no comportamento
mecanico de uma ceramica Y-TZP.

(2) - Investigar o efeito da LTDiqw-temperature degradati)ma superficie,
transformacédo de fase e no comportamento mecaeiaoné ceramica antes e

apos o tratamento de superficie (desgaste) Y-TZP.
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Para efeitos de apresentacao esta Dissertacadadst'Efeito
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ceramica Y-TZP” foi formatada dividida em dois artigos

cientificos que serdao submetidos a publicacao.

ARTIGO 1- EFFECT OF GRINDING WITH
DIAMOND-DISC AND —-BUR ON THE MECHANICAL

BEHAVIOR OF Y-TZP CERAMICS
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ABSTRACT

This study compared the effects of grinding on sheface micromorphology,
phase transformation-¢tm), biaxial flexural strength and structural religp (Weibull
analysis) of a Y-TZP (Lava) ceramic using diamoigtsl and -burs. 170 discs (15 x
1.2mm) were produced and divided into 5 groupshauit treatment (Ctrl, as-sintered),
and ground with 4 different systems: extra-fine)(6 Xfine) and coarse diamond-bur
(181um, Coarse), 600-grit (25um, D600) and 120-gjamond-disc (160um, D120).
Grinding with burs was performed using a contral@argandpiece (T2-Revo R170,
Sirona), while for discs (Allied) a Polishing Manki (Ecomet, Buehler) was employed,
both under water-cooling. Micromorphological an&yshowed distinct patterns
generated by grinding with discs and burs, indepehaf grit size. There was no
statistical difference for characteristic streng#tues (MPa) between smaller grit sizes
(D600-1050.08 and Xfird171.33), although they presented higher valuespeoeal
to Ctrl (917.58). For bigger grit sizes, a sigrafit difference was observed (Coarse—
1136.32 > D120-727.47). Weibull Modules were stigadly similar between the tested
groups. Within the limits of this study, from a momorphological point-of-view, the
treatments performed did not generate similar &ffeso from a methodological point-
of-view, diamond-discs should not be employed tousate clinical abrasion performed

with diamond-burs on Y-TZP ceramics.

Index Words: Grinding, Zirconium oxide partially stabilized kygtrium, Mechanical

properties
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1. INTRODUCTION
There are a large number of dental materials amdnie systems currently

available for clinical use (Blatz et al 2003). Witie increasing demand for aesthetics
and the introduction of CAD-CAM technology (compuéssisted design/computer-
assisted machining) in the early 80’s, severalditves have been created to substitute
conventional feldsphatic ceramic systems with gfesrceramic systems with optimized
microstructure (Kamada et al. 1998). Of these nerarics, zirconia-based ceramics
provide the highest mechanical and fatigue progeitPiconi et al. 1999), and therefore
are expected to bear greater loads and last loimgehe oral environment when
compared to the other dental ceramics availablthénmarket. The characteristics of
zirconia make this material one of the best optimnproduce all-ceramic FDPs (fixed
dental prosthesis), as it associates good stremgithh good aesthetics, which are
fundamental requirements in the prosthodonticsl fiBlenry et al. 2008).

Zirconia is a polymorphic material that has thregstalline forms. Monoclinic
zirconia exists at room temperature and at tempeatup to 1170 °C. Above this
temperature, the crystals become tetragonal andv sho volume decrease of
approximately 4%. Above 2370 °C, zirconia is stabil in the cubic form. After
sintering, a phase transformation from tetragoaahonoclinic (t— m) occurs during
the cooling process and is associated with a volunerease of about 3-4%. The stress
generated by this expansion can generate cradke istructure of the ceramic material
(Piconi et al. 1999). Therefore, stabilizing oxid€a0O, MgO, Cegq Y,0s3) are added to
pure zirconia, keeping the tetragonal form stabl®am temperature.

Phase transformation in yttria stabilized zircomay be triggered by different
stimuli, like stress concentration or low temperesy in the presence of humidity (low

temperature degradation - LTD) (Kobayashi et aB11%ato et al. 1985; Papanagiotou
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2006; Kosmac et al. 2007; Chevalier et al. 200#esS concentration with subsequent
phase transformation will occur to dental Y-TZP t(Mim-stabilized Tetragonal
Zirconia Polycrystal) after adjustment of the Y-TZBmentation surface by grinding
and/or polishing (Aboushelib et al. 2009).

Grinding the Y-TZP surface after sintering creaéesompressive stress layer
due to the+m transformation. However, the same procedure iatsoduces surface
defects. When the depth of the defects introdusepleater than that of the compressive
layer, this might produce higher levels of tensteesses which could increase the
incidence of catastrophic failures (Kosmac et @0& Guazzato et al. 2005; Kosmac et
al. 1999). Nevertheless, when the depth of thedectieis smaller than that of the
compressive stress layer, crack propagation isen@tt and catastrophic failures are
avoided by the surrounding compressive stressgza(fagiotou 2006; Chevalier et al.
2007).

Polishing/grinding with diamond discs or diamond<of different grit-sizes
might also induce surface damage, like deep saateimd subsurface lateral cracks.
These changes are dependent on the grit-size arldatli and speed applied during the
polishing procedure (Kim et al. 2010; Quinn et 2005; Yin et al. 2003; Yin et al.
2006). Greater grit-sizes would create a more Bggmt deleterious impact on the
mechanical behavior of Y-TZP ceram{&m et al. 2010). Inn vitro studies, polishing
with diamond discs is an easier procedure when aoedpwith polishing with diamond
burs, as discs can be attached to polishing maghmwing for standardized test
conditions (i.e. load applied during grinding). Hower, the use of diamond discs may
not represent the clinical situation, since deptalstheses often need to be polished
with diamond burs due to the complex geometry effitked partial denture. Therefore,

comparison of these two grinding methods (discsuseburs) seems to be relevant, as it
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may validate the use of diamond discs to simulhee dffect of diamond burs with
compatible grit-sizes.

The present study aimed to compare the polishimglogrg effects of two
grinding tools with similar grit-sizes, for methddgical purposes. The
micromorphology of the surface, the degree of phasesformation (->m), the biaxial
flexural strength and the structural reliability éwull analysis) were evaluated with
and without grinding procedures. Since the diamadisds and the corresponding burs
have similar grit-sizes, it is expected that thee@k of both grinding tools on the
flexural strength of Y-TZP is similar, and thattimsnents with larger grit-sizes provide
reduced flexural strength when compared to instnismeith smaller grit-size.

2. MATERIALS AND METHODS
2.1 Sample Preparation

Disc-shaped specimens (N=170) were manufacturedrdicg to ISO 6872 —
2008. Pre sintered blocks of Y-TZP (LOT n°1125100522 - Lavarke, 3M ESPE,
Seefeld, Germany) were ground into cylinders u€ig-1200 grit SiC paper (3M, St
Paul, MN, USA) under water cooling. The resultingcania cylinder was then
sectioned using a precision saw machine (ISOMED1BQehler, IL), and slices of 18
mm () x 1.6 mm (thickness) were obtained. To reenthe irregularities inherent to
cutting the disc surfaces were fine ground wi200 grit SiC papeand cleaned in an
ultrasonic bath 440 D — Odontrobras, Ind. E Com. Equip. Méd. OdohfTDA,
Ribeirdo Preto, Brazilusing isopropyl alcohol 78% for 10 min, and thentesed
(Zyrcomat T, Vita Zahnfabrik, Germany) accordingtihe manufacturer (Table 1). The
final dimensions of the discs were 15 mm x 1.2 rigyre 1).

After sintering, the specimens were carefully dSelec those presenting

discrepancies in dimension above the recommendedatdsm (1.20.2 mmn),
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preconized by ISO 6872 — 2008, were discarded. Sdmples (n=30) were divided
according to the surface treatment conditions (fevels), as displayed in Table 2.
2.2 Surface Treatment

Samples from the control group (Ctrl) remained unted after the sintering
process — “as-sintered” samples.
2.2.1 Grinding with Diamond Discs

For abrasion with diamond discs (Dia-Grid Diamonisds, Allied High Tech
Products, Inc. / Rancho Domingues, CA, EUA) of efi#int grit-sizes, samples were
embedded in acrylic resin with the treatment swrfaarallel to the x-axis, to be held for
the polishing machine (EcoMet 250, Buehler, Germafifze surface treatments were
performed on discs under 60 N load for 10 minuae) 300 rpm on the machine base
(clockwise) and 40 rpm on the head (anti-clockwigedler constant water coolingl (
500ml/min)
2.2.2 Grinding with Diamond Burs

Grinding was performed by a single trained operatgth diamond burs
(#3101G — grit size 181 um, and #3101FF — grit @3eum; KG Sorensen, Cotia,
Brazil) coupled to a low-speed motor (Kavo Dentibherach, Germany) associated
with a contra-angle handpiece (T2 REVO R 170 ceatrgle handpiece up to 170.000
rpm, Sirona, Bensheim, Germany) under constant rveai@ing (1 30ml/min), the
diamond bur was replaced after each specimen.
For wear thickness standardization and to ensatethle entire specimen surface

was subjected to bur-grinding, the specimens wereiqusly marked with a permanent
marking pen (Pilot, Sao Paulo, Brazil) and fixedata@evice that assured parallelism

between the specimen and diamond bur, allowing mew only in the horizontal
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direction. The grinding procedure was performed! tiné pen-marking was completely
eliminated.
2.3 Phase analysis by x-ray diffraction

Quantitative analysis of phase transformation waslacted (n=2) to determine
the relative amount of m-phase and depth of thesfeemed layer under each condition.
The analysis was performed using an x-ray diffraeter Bruker AXS, D8 Advance,
Karlsruhe, Germany Spectra were collected into the, 2vith a range of 25-35°, at a
step interval of 1 s and step sizeOdd3° The amount of m-phase was calculated using
the method introduced Iyarvie & Nicholson 1972:

L (F11D)p (111
T (111D +(111) 4 +(101)

Xn
Eq. (1)

Where: (-111) and (111y represent the intensity of the monoclinic peaks=£8° and
20=31.2°, respectively) and (1G1)ndicates the intensity of the respective tetraon
peak (B=30°). The volumetric fraction of the m-phase wadcglated according to

Toraya et al. in 1984:

1.311 - Xp,

Fn = 1+0.311- Xy Eq. (2)

The depth of the transformed layer was calculass®t on the amount of the m-
phase, considering that a constant fraction ofngriiad symmetrically transformed to

the m-phase along the surface, as described by &ostral. in 1981:
/senf r1
PZT = (= )[ln( , )]
\ 2u \1 — FM
Eq. (3)

wheref=15° (the angle of reflectiony=0.0642is the absorption coefficient, and FM is

the amount of m-phase obtained using Eqgs. (1) 2nd (

2.4 Micromorphological and surface roughness analys
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For the qualitative and quantitative determinatadnthe micromorphological
pattern generated by grinding, the specimens weaé/zed using a surface roughness
tester (n=30, Mitutoyo SJ-410, Japan) and ScanBlagtron Microscopy (SEM) (n=2,
JSM-6360, JEOL, Japan).

For the roughness analysis, 6 measurements were foacgach specimen (3
following the grinding direction, 3 in the opposdeection) according to the ISO 1997
parameters (Ra — arithmetical mean of the absohatees of peaks and valleys
measured from a medium plane (um) and Rz — aved&iance between the five
highest peaks and 5 major valleys found in thedstath(um)) with a cut-off (n=5}C
0.8mm and\S 2.5um. After that, the arithmetic mean values of allasiwements from
each specimen were obtained.

Prior to the micromorphological analysis, all speens were submitted to the
cleaning protocol in an ultrasonic bath, as descriébove.

2.5 Biaxial flexure test

Samples were subjected to a biaxial flexure stretggt according to ISO 6872-
2008. Disc-shaped specimens were positioned wihttbated surface turned down
(tensile stress) on three support balls (@=3.2nmj were positioned 10 mm apart
from each other in a triangular pattern. The as$embs immersed in water, and a flat
circular tungsten piston (@=1.6mm) was used to\appl increasing load (1mm/min)
until catastrophic failure in a universal testingahine(EMIC DL 2000, Sao Jose dos
Pinhais, Brazil) Before testing, adhesive tape was fixed on tmepression side of the
discs to avoid spreading the fragmef@uinn 2007)and to provide better contact
between the piston and the sam@é¢achtman et al. 1972Flexural strength was

calculated according to ISO 6872008

P(X-Y)

g Eq. (4)

o= —0.2387 -
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wherec is the maximum tensile stress (MPa), P is thd togal at fracture (N), b is the

thickness at the fracture origin (mm), and X andr¥ calculated according to:

x= e () +[42) (2) Eq. (5)

Y =(1+v) [1 +1n (—)2] +(1-v) (—)2 Eq. (6)

wherev is Poisson’s ratio (according Borba et al 2011 €.32), k is the radius of the

support circle® mm), . is the radius of the loaded area (0.8 mm), amslthe radius of
the specimen (7.5 mm).
2.6 Data analyses

Descriptive analysis was carried out to determimamand standard deviations
of the biaxial flexural strength data (Table 3),aRen Correlation between the
roughness data (Ra) and biaxial flexural data ak® performed.

Considering that the failure of ceramic materiaiginates from the most severe
defect, the size and spatial distribution of defegistify the need for a statistical
approach (Weibull 1951; Della Bona 2005). Thus, statistic used to describe the
reliability of the ceramic material was based o& ¥ieibull statistical analysis, which is
a way to describe the variation of the resistafi@esthert et al. 2000; Della Bona et al.
2003), obtaining the Weibull modulus (m) and therelsteristic strengtho{) with a
confidence interval of 95%, determined in adrr In[In 1/(1-FEc)] diagram (according

to ENV 843-5):

1
Inln| —— |=mlno, —ming,

Eq. (7)
where F is the failure probabilityy, is the initial strengthg. is the characteristic

strength and m is the Weibull modulus.
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The characteristic strength is considered to betiemgth at a failure probability
of approximately 63%, and the Weibull modulus isduas a measure of the distribution
of strengths, which expresses the reliability & thaterial.

3. RESULTS

SEM micromorphological analysis showed that grigdimith a diamond bur
(Xfine and Coarse) resulted in similar surface gratt, with scratches parallel to the
direction of grinding tool propagation and a deptbportional to the grit size of the bur
used. The surface treatment carried out with diatrehacs (D600 and D120) showed a
distinct micromorphological pattern, with a smoatiserface, the presence of surface
scratches in all directions and lateral projectiomth a depth also directly related to the
grain size of the disc employed (Figure 2, Table 3)

X-ray diffraction showed that, regardless of thefare treatment used, an
increase in the grit size of the grinding tool sesed the percentage of m-phase content
on the material’s surface. Another important obagon was that, for larger grit sizes,
the use of diamond discs resulted in larger amoahta-phase while, for smaller grit
sizes, grinding with a diamond bur resulted in éargmounts of m-phase (Table 3).

The Weibull analysis of the strength data is shawhable 4. The characteristic
strength values obtained for specimens treatechéygtinding tools with smaller grit
sizes (Xfine and D600) were statistically similadasignificantly higher that what was
obtained for the control group. On the other hdnghere. values were observed for
the Coarse group when compared to D120. In congartie the control group, the
Coarse group obtained &g value that was statistically superior while D12®bwed
values that were statistically lower. In relatianthe reliability (Weibull modulus m
value), neither grinding with diamond burs nor doand discs was able to significantly

reduce the material reliability.
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4. DISCUSSION

The main purpose of this current study was to amalgnd compare the
polishing/grinding effects of two grinding tools thi similar grit-sizes, for
methodological purposes on the mechanical behavioone Y-TZP. The present
findings indicated that grinding with diamond buregardless of grit size, and with
diamond discs of smaller grit sizes, triggers tbeghening mechanism of phase
transformation on zirconia, leading to increasexxdfal strengths. The collected data
also showed that grinding with diamond discs ofaegér grit size resulted in a
degradation of the Y-TZP mechanical properties wte@npared to the control.

The micromorphological differences created by thfeknt surface treatments
may be explained by the differences observed in ghading tool mechanisms
(diamond discsersusdiamond burs). The Xfine and Coarse groups webgested to a
treatment in which the abrasion process occurrdyl iorone direction (horizontally in
relation the support base movement), generatingllphscratches. On the other hand,
groups D120 and D600 were submitted to a rotatiatahsion movement, with the
support base and head moving in opposite directiolkwise and anti-clockwise,
respectively) in the polishing machine. This typegoinding movement assured a
smoother surface, although it was still possiblendte scratches in all directions and
lateral projections.

It is important to note that after clinical adjustimh of restorations (grinding
procedures) prosthesis of zirconia will be expasea hazardous environment and these
could implicate in an increased susceptibility toffer LTD (low temperature
degradation) (Kim et al. 2010). According Kobayashi et al. 1981, this type of
degradation occurs spontaneously on the Y-TZP sairféhen the material is subjected

to an environment with high humidity and temperatuariations. LTD takes place first
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inside surface grains, where water is incorporatéa the zirconia by filling oxygen
vacancies (Sato et al. 1985; Yoshimura et al. 1%®r¢ading to the rest of the material
surface and increasing the surface roughness. gdteration of the surface with the m-
phase, LTD proceeds into the bulk of the mateNalshimura et al.1987), leading to a
reduction in strength, fracture toughness, anditeons zirconia (Hirano 1992; Kim et
al. 2009; Lughi & Sergo 2010).

Some studies have shown that the transformation fetragonal to monoclinic
is triggered on areas surrounding surface defeetergted by grinding (sides and
corners of the exposed grailiBeville et al. 2006)In these spots, residual tensile stress
concentration occurs (Schmauder & Schubert 1986),tle crystal grain does not
transform at once, since the transformation protalsss place progressively with an
increase in water attack, leading to increasedstfields (Lilley 1990; Deville et al.
2004). This type of phase transformation by nudeaand grain growth mechanisms
(Chevalier et al. 2007) also leads to crack foromatvith a subsequent detachment of
surface grains, increasing surface roughness andtthss concentration zones, which
in turn results in degradation of the mechanicapprties and an increase of areas that
facilitate water access and the occurrence of dartblegradation (Schmauder &
Schubert 1986; Lilley 1990; Deviller et al. 2004;f@th 1921).

X-ray diffraction data showed an increase in thenaotinic phase content as the
granulation of the grinding tool increased, indiogt that the formation of a
compressive layer responsible for the zirconia hemgng mechanism is directly related
to the grain size of the grinding tool, as obserpeeviously (Kosmac et al. 2007,
Kosmac et al. 2008; Guazzato et al. 2005; Kosmat é099; Kim et al. 2010).

As the transformation depth increases towards thi& bf the material in

response to a more aggressive surface treatmesredse in grit size or a deficient
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water-cooling), degradation of the mechanical pridge occurs. This increase in depth
of the t-m transformation is related to the presence ofksrat deep areas that can be
deeper than the compressive stress layer formextcoming the benefits obtained by
the toughening mechanisi@hevalier et al. 2007; Hirano 1992). According@affith
1921, the presence of defects within a materialeses the probability of a critical
defect acting as a stress concentrator, leadirigeaatastrophic failure of a material.
This may explain the decrease in characteristiength observed for D120 (727.47
MPa, with 18.75% of m-phase content and 1.05pumstoamation depth), when
compared to the other groups (Tables 3 and 4).

Roughness data showed that grinding with diamond hlways generated the
highest Ra values. However, this higher roughneksaat negatively affect the material
strength. In fact, grinding with diamond burs résdlin characteristic strength values
that were higher than those obtained for the comgroup (Ctrl), demonstrating that,
especially for zirconia based ceramics, a highuitek strength mean value is not a
function of a more regular surface. This observattso emphasizes the importance of
the t>m transformation as a toughening mechanism in Y-TZP

These current findings did not corroborate thoskagmac et al. in 1999, 2007,
2008, who noticed that grinding with diamond buid ot promote an increase in m-
phase content and created severe defects on tleeiahatirface, leading to degradation
of the mechanical properties. Those authors udadraspeed handpiece for grinding,
which can lead to a temperature increase at th&R®-qurface, consequently triggering
a reverse m- t transformation that works against the transfdromatoughening
mechanism. In the present study, a low-speed haoépvas used, in association with a

torque multiplier, resulting in a less aggressivedjng procedure. It is also important
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to note that the grinding procedure was carriedunater constant and abundant water-
cooling.

The calculated Pearson linear correlation coefiicibetween the current
strength and roughness data indicated that a veakworrelation exists for the D120
and Xfine groups (0 < (r) < 0.3), and a weak catieh is noticed for the Ctrl, D600
and Coarse groups (0.3 < (r) < 0(@®respo 1997). According to Quinn 2007, the
presence of correlation between strength and rasgghis commonly observed as the
absence of correlation, since grinding introducesper cracks in the material (10-20x)
than the existing surface flaws. In some casesdémh of the introduced cracks is
similar to that of the existing surface flaws anierefore, a correlation would be
expected. However, when the introduced cracks aspet than the existing surface
flaws, a stronger correlation is noted between lhoegs and strength.

The hypothesis that larger grit sizes would exh#iteleterious effect was
partially accepted, since larger grit sizes of themond disc (D120) led to lower
characteristic strength values. However, the sapsergation was not true for diamond
burs. Therefore, considering the same grit sizesding with diamond discs is a more
aggressive treatment when compared to treatmehtdsamond burs.

Some studies (De Munck et al. 2013; Studart e2@07) that evaluated the
flexural strength of dental ceramics preferred tove and discuss the 5-10% failure
probability instead of the usual 63.2% level, namtlle characteristic strength of the
Weibull analysis. The 5-10% failure probability &W(Table 4) is considered more
clinically relevant, since it is related to a sakevel of reliability of the material for
clinical use. Literature shows that from the clalipoint of view, maximum masticatory
forces may easily achieve 300-400N and far redasedage chewing forces of approx.

220N in the molar region (Proschel et al. 2002;akal et al. 1999). Assigning those



30

forces to a contact area of 7-8Mmisingle molar tooth) result in an average chewing
pressure of 27-31MPa (Lohbauer et al. 200Bhus, it is noted that all surface
treatments evaluated in the current study resuttecharacteristic strength values and
5% failure probability values significantly highéran the stress levels generated by
clinically relevant forces.

Concerning Weibull modulus (also referred to as thaterial reliability)
literature shows values ranging from 5 to 15 farent dental ceramics (Papanagiotou
2006; Guazzato et al. 2005; Kosmac et al. 1999]aDBbna 2003). In this present
study, m values ranged from 4.3 to 13.5, but no statisttieierence was observed,
demonstrating that none of the surface treatmesmised degradation of the structural
reliability of the material. According to Quinn G& al. 1991 and Quinn JB. et al. 2009,
higher m values correspond to materials with a uniform rdistion of highly
homogeneous flaws with a narrower strength distioby whereas lowem values
indicate non-uniform distribution of highly varia&blcrack lengths (broad strength
distribution). Thus, if one treatment promotes leig values, it could be considered a
good choice for clinical use, even if it has a lowbaracteristic strength, since the
increase in then value represents a more uniform distribution dédes on the material
surface.

One limitation of this current study was that nadiof fatigue was simulated
with the tested specimens. Additionally, low-tengtere degradation was not
investigated as a function of the surface treatrpenformed. Therefore, future studies
should be carried out to subject zirconia to LT agclic loading to better understand
how these distinct micromorphologic patterns widhbve under these detrimental
conditions, since aging methods could accentuatelifferences observed in the present

study.
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5. CONCLUSIONS

Under the conditions of the present investigatgmmding of a Y-TZP ceramic
with small grit-size tools did not degrade the nastbal properties of the material.
From a methodological point of view, diamond disi®ould not be employed to
simulate clinical abrasion performed with diamondsbon Y-TZP ceramics. From a
micromorphological point of view, the treatmentgfpamed did not generate similar
effects.
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FIGURES

B C D

Figure 1. A) Pre sintered blocks as provided by manufact(8st Espe, USA); B) Device used to standardize the sf the cylinder in 18 mm, attached to the
ends of the block; C) Round ground of the blocKsSBmples after section of the cylinder (left) afteér sintering (right).
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Coarse group

D120 group

Figure 2 —Micrographics obtained trough Scanning Electronrivicopy of tested groups (100x, 1000x, 2000x afids@f magnification)
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TABLES
Table 1 — Sintering cycle of Y-TZP (Lava, 3M ESPEEUA).
Ceramic Initial Heating rate Holding Holding time
temperature temperature
LAVA 40 °C 17 °C/min 1530 °C 120 min
Table 2 — Experimental Design
Group N Surface treatment Material (manufacturer)
As-sintered
Ctrl 34 (without treatment, control) T
Diamond disc 120
D120 34 o _ o . . :
(average grit size 160 pm) Dia-Grid Diamond Discs (Allied High Tech
Diamond disc 600 Products, Inc. / Rancho Domingues, CA, EUA)
D600 34 o
(average grit size 25 um)
Coarse Diamond Bur #3101G
Coarse 34 o
(average grit size 181 pum) . .
) _ KG Sorensen, Cotia, Brazil
, Extra-fine Diamond Bur #3101FF
Xfine 34

(average grit size 25 um)
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Table 3 — X-ray Difractometry analysis (% of monodhic Phase, Depth of Transformed Layer), Roughnesanalysis (Parameters Ra and
Rz), descriptive statistical analysis (Mean and Stadard Deviation) and Pearson linear correlation andysis (coefficient of linear
correlation) between roughness (Ra) and mean stretig

Groups Monoclinic Phase  Depth of transformed Roughness Ra Roughness Rz Mean (o¢) Standard Coefficient of linear
(%) layer (um) (um) (um) (MPa) Deviation (MPa) correlation —r (Ra X ¢
CTRL 0.00 0.00 0.67 4.43 865.90 126.10 -0.34 (p=0.07)
XFINE 9.00 0.48 0.86 5.55 1085.80 179.70 -0.07 (p=0.7)
D600 7.16 0.38 0.09 0.68 1001.30 108.60 0.35 (p=0.06)
COARSE 12.78 0.69 1.41 8.43 1076.80 134.90 -0.51 (p=0.003)
D120 18.75 1.05 0.36 2.82 691.10 86.60 -0.17 (p=0.37)




Table 4 — Characteristic Strength 6.), Weibull modulus (m) and respective
Confidence Intervals (Cl - 95%).

41

Groups 6. Cl (95%) m Cl (95%) 60.:
CTRL 917.58 870.86 —965.40 8.3 5.83-10.70 642.26
XFINE 1171.383  1091.39 — 1254.6¢ 6.15 4.31-791 722.88
D600 1050.08  1007.42 — 1093.2¢ 10.5 7.34—-13.48 791.13
COARSE 1136.32 1083.58 —1190.07 9.15 6.41-11.76 821.44
D120 727.47 695.52 —759.95 9.69 6.78 — 12.45 535.36

*same letters correspond to statistical similarity
*different letters correspond to statistical difference
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ABSTRACT

This study evaluated the effects of low-temperatiggradation (LTD) on the surface
topography, phase transformation, biaxial flexsteéngth and structural reliability of a
Y-TZP ceramic after grinding. Disc-shaped specimease manufactured and divided
according to two factors'surface treatment” without treatment (as-sintered, Citrl),
grinding with extra-fine diamond bur (25um; Xfinajd coarse diamond bur (181um;
Coarse),and “LTD” (absence or presencé}rinding was performed using a contra-
angle handpiece under water-cooling. LTD was sitedlan an autoclave at 134°C,
under 2 bar, over a period of 20 $urface topographgnalysis showed an increase in
roughness based on surface treatment grit-sizerg€o4fine>Ctrl) and that LTD
promoted different effects on roughness (Ctrl LT CXfine LTD<Xfine and Coarse
LTD>Coarse). Grinding and LTD promoted an increas¢he amount of m-phase,
although different susceptibilities to degradatiasere observed. Weibull analysis
showed an increase in characteristic strength afterding (Coarse=Xfine>Ctrl);
however, distinct effects were observed for LTDriKGEtrl LTD; Xfine=Xfine LTD
and Coarse>Coarse LTD). Weibull moduli were staédly similar. Within the limits
of this current study, both LTD and grinding showwdnot be detrimental to the
mechanical properties of zirconia. However, wherthbfactors are associated, the
defects introduced by grinding may be detrimerddhe resistance of the material.
Index Words: Grinding, Low temperature degradation, Zirconiuxide partially

stabilized by yttrium, Mechanical properties, Stunal reliability.
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INTRODUCTION

Due to the current high aesthetic requirementsadiepts and the continuous
search for materials with appropriate mechanicalperties, numerous studies have
been performed on metal-free ceramic restoratidinese restorations combine the
aesthetic properties of veneering porcelain witk thigh strength of an Yttrium-
stabilized Tetragonal Zirconia Polycrystal (Y-TZRirastructuré.

Y-TZP stands out among other restorative matedaésto its high chemical and
dimensional stability and superior mechanical progg. Due to the poor metastability
of zirconia crystals, yttria (3% mol) is added wre zirconia to stabilize the tetragonal
phase at room temperatéireonsequently, the volume expansion (around 3% )tékets
place when crystals transform from the tetragonahbnoclinic phasé$is prevented.
Thet—m phasdransformation will eventually happen after apptylocal stress™’ and
in the presence of wafet®® which is known as aging or low-temperature degtiad
(LTD)™.

Although current CAD/CAM ¢omputer-aided design and manufacturing)
systems result in ceramic prosthetic crowns withygod marginal and internal fit,
clinicians may need to adjust the intaglio surfat&’-TZP frameworks by grinding to
achieve the best outcome possible in terms of crasaptatioft. Grinding the Y-TZP
surface introduces different types of damage, bkeatches and cracks of various
depths, which penetrate towards the bulk of theeriedt 23

The t—m transformation, associated with localized expansion, results in
compressive stresses at an existing crack, whiehmtecacts tensile stresses in this
regiorf. This phenomenon is called transformation toughgnand limits crack

propagation. If the existing tensile stress at ¢heck tip surpasses the compression
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stresses generated by transformation toughenirigstoaphic crack propagation may
still occuf”.

The current literature shows that grinding the YPTgurface with a diamond bur
will trigger transformation toughening, while algdroducing important flaws on the
ceramic surface. The balance between the tensdessaround these defects and the
compression stress generated by phase transformatibdetermine whether or not
cracks propagate, leading to catastrophic fdiiti& Another important aspect is that
grinding with diamond burs can lead to a tempeetacrease at the Y-TZP surface,
consequently triggering a revense- t transformation that works against transformation
toughening ™.

Kobayashi K, et al. 1981 observed that, when Y-TZP is submitted to an
environment with high humidity and temperaturesMaein 150-400°C, it spontaneously
suffers a degradation process known as low-temperaiegradation (LTD). LTD
initially occurs at superficial grains, where waieincorporated into zirconia grains by
filling oxygen vacancies, and later spreads to sheface, thus increasing surface
roughnes$". After the surface is saturated withphase, LTD proceeds into the bulk
materiat’, leading to a reduction in the strength, fractimeghness, and density of Y-
TZP product&'®*°

Since phase transformation of Y-TZP crystals taplese in the presence of
water or steam, steam autoclave treatments atasedetemperatures (120-140°C) have
been used to effectively induce LTEP?%%122 According to Kim et al. 2009a LTD
simulation method using steam autoclave displaystrain-induced transformation
(t—m) that can induce positive or negative effects anrttechanical properties of Y-
TZP ceramics, depending on the applied temperatndethe amount of resulting-

phase.
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The current literature shows that both LB°and surface treatmefifs’ on
zirconia can influence the mechanical strengthoAishen LTD occurs after Y-TZP
surface alterations, different final amountsvephase are detected on the surface of the
cerami@?% However, the influence of surface alteration aisged with LTD on the
mechanical strength of Y-TZP has not been explored.

Therefore, the aim of this present study was testigate the effects of grinding
using diamond burs with different grit sizes on timechanical behavior, surface
topography and phase transformation of a Y-TZPro&rawith and without LTD. The
following hypotheses were tested: (1) aged surfaresrelatively rougher than non-
aged surfaces; (2) grinding associated with LTDd$e# an increase in m-phase
content; (3) grinding associated with LTD leadsatoalteration in the Y-TZP flexural
strength.

MATERIALS AND METHODS
Sample Preparation

Disc-shaped specimens (N=204) were manufacturedr@iog to ISO 6872-
2008“. Pre-sintered blocks of Y-TZR.QT n°1125100522 Lava Frame, 3M ESPE,
Seefeld, Germanywere shaped into a cylinder usi6g0-1200 grit SiC paper (3M, St
Paul, MN, USA)under water cooling, than sectioned using a pm@tisaw (ISOMET
1000, Buehler, IL) in 18 mm diameter slices thatrav&.6 mm thick. To remove
irregularities inherent with specimen preparatithe surfaces were fine ground with
1200 grit SIC papeand cleaned in an ultrasonic bafl440 D — Odontrobras, Ind. E
Com. Equip. Méd. Odonto. LTDA, Ribeirdo Preto, Bhamsing 78% isopropy! alcohol
10 min. The specimens were sintered (Zyrcomat Tta \Aahnfabrik, Germany)
according to the manufacturer’s instructions (1%30d%olding time: 120min), obtaining

discs with final dimensions of approximately 15 mrh.2 mnf.
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After sintering, the specimens were carefully deléc Specimens presenting
discrepancies in length above the standard vamigtlo2 + 0.2 mmnm) were discarded.
Then, samples (n = 34) were divided according ® ghrface treatment conditions
(three levels) and LTD (two levels) as displayedatble 1.

Surface Treatment

Samples from the control group (Ctrl) remained unted after the sintering
process — “as-sintered” samples.
Grinding

Grinding was performed by a single trained operateing diamond burs
(#3101G — grit size 181 pum, and #3101FF — grit @3eum; KG Sorensen, Cotia,
Brasil) in a slow-speed motor (Kavo Dental, BibéraGermany) associated with a
contra-angle handpiece (T2 REVO R170 contra-angledpiece up to 170,000rpm,
Sirona, Bensheim, Germany) under constant watdrirgp(130ml/min). Each diamond
bur was replaced after each specimen.

For standardization of the wear thickness and tarantee that the entire
specimen surface was submitted to the surfaceniezdt the specimens were marked
with a permanent marking pen (Pilot, S&o PauloziBrand were fixed to a device to
assure parallelism between the specimen and diarondwhich allowed movement
only in the horizontal direction. Then, the gringliprocedure was performed until the
marking was completely eliminated. This proceduandardized the wear thickness
and improved the reproducibility of the grindingdtment, although this strong control
of the direction of treatment is not available idliaical typical setting.

Low Temperature Degradation — LTD
Low Temperature Degradation was simulated in aocave (Sercon HS1-0300

n°1560389/1) at 134°C, under 2 bar, over a peri@bio.
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Phase analysis

Quantitative analysis of phase transformation waslacted (n=2) to determine
the relative amount ah-phase and depth of the transformed layer unddr eaadition.
The analysis was performed using an x-ray diffnaetter Bruker AXS, D8 Advance,
Karlsruhe, Germany Spectra were collected in thé tange of 25-35° at a step interval
of 1 s and step size 6£03% The amount ofmn-phase was calculated using the method
developed byzarvie & Nicholson 1972

_ (m11D) (111
T (111 +(111) 5 +(101)p

Xu
Eq. (1)

Where: (-111) and (111y represent the intensity of the monoclinic peaks=£8° and
20=31.2°, respectively) and (1G1)ndicates the intensity of the respective tetragon
peak (#=30°). The volumetric fraction of the m-phase wadcglated according to
Toraya et al. 1982:

_ 1311-Xy
M 140311 Xy

Ea) (

The depth of the transformed layer was calculatethe basis of the amount of
the m-phase, considering that a constant fraction ofingrahad symmetrically

transformed tan-phase along the surface, as described by Kosnaic81%:

pzr = (357 [ (=) Eq. (3)

where0=15° (the angle of reflectiony=0.0642is the absorption coefficient, and FM is

the amount of m-phase obtained using Egs. (1) 2nd (
Surface topography and roughness analysis
For the qualitative and quantitative determinatminthe surface topography

pattern generated by grinding, the specimens weadyzed in a surface roughness
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tester (n = 30, Mitutoyo SJ-410, Japao) and ScanBlactron Microscope (SEM) (n =
2, JSM-6360, JEOL, Japan).

For surface roughness analysis, 6 measurementsmamte for each specimen
(3 along the grinding direction, 3 in the oppogteection) according to the 1ISO 1997
parameters (Ra - arithmetical mean of the absoWaiees of peaks and valleys
measured from a medium plane (um) and Rz - avedigfance between the five
highest peaks and 5 major valleys found in thedstech(um)) with a cut-off (n = 5),C
0.8 mm and\S 2.5um. After that, arithmetic mean values of all measuents from
each specimen were obtained.

Prior to the surface topography analysis, all speas were submitted to the
cleaning protocol in an ultrasonic bath as desdrimeviously.
Biaxial flexure test

Samples (n = 30) were subjected to a biaxial flexatrength test according to
ISO 6872, Disc-shaped specimens were positioned with thated surface facing
down (tensile stress) on three support balls (22=n38m) which were positioned 10 mm
apart from each other in a triangular position. @&ksembly was immersed in water, and
a flat circular tungsten piston (@ = 1.6 mm) wasduso apply an increasing load (1
mm/min) until catastrophic failure using a univérssting machindEMIC DL 2000,
Sao Jose dos Pinhais, Brazilpefore testing, adhesive tape was fixed on the
compression side of the discs to avoid spreadiegrdigments and to provide better
contact between the piston and sarfipl€lexural strength was calculated according
to*%:

P(Xx-Y)
b2

g=—0.2387 -

Eqg. (4)
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whereo is the maximum tensile stress (MPa), P is thd togal to fracture (N), b is the
thickness at fracture origin (mm), and X and Y eakculated according to:
T2 2 (1—v)] (72 2
X=00+v)n (g) + [—2 ](g)
Eq. (5)

2

2
Y=(»1+v) [1 +In(:—;) ]—I—(l —v)(%)
Eq. (6)
where Vv is Poisson’s ratio (according Borba et al 201% = 0.32),  is the radius of
the support circl&{mm), i is the radius of the loaded area(0.8 mm), agnsl the radius
of the specimen(7.5 mm).
Data analyses
Descriptive analysis was carried out to determireamand standard deviations of
the biaxial flexural strength data (Table 2). Pear€orrelation between the roughness
data (Ra) and biaxial flexural data was also peréat. Two-way ANOVA and post-hoc
Tukey's t test of the roughness data (Ra and Re®} werformed considering 2 factors
(surface treatment and aging — LTD) and the intema®f both factors.

Considering that the failure on ceramic materiaigioates from the most severe
defect, the size and spatial distribution of defegistify the need for a statistical
approacf’. Thus, the statistic used to describe the reltghilf the ceramic material
was based on the Weibull statistical analysis, Wisca way to describe the variation of
the resistance® obtaining the Weibull modulusnj and the characteristic strength)(

with a confidence interval of 95%, determined idiagram (according to ENV 843-5):

1
Inin| —— |=mlng,-ming,

Eq. (V)
where F is the failure probability, the initial strengthg. the characteristic strength

and m is the Weibull modulushe characteristic strength is considered to be the
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strength at a failure probability of approximatéB32o, and the Weibull modulus is used
as a measure of the distribution of strengths,esging the reliability of the material.
Failure analysis

Fractography examination was performed using at ligicroscope (Stereo
Discovery V20; Carl Zeiss, Sao Paulo, Brazil) anchr$hing Electron Microscope

(JSM-6360, JEOL, Japan) on a representative pdinecspecimens.

RESULTS

SEM micrographs show that grinding with diamondsb{Xfine and Coarse) created
the same surface pattern, regardless of grit-gith, the presence of parallel scratches
following the direction of bur movement, while LTddd not cause a relevant alteration
of this pattern (Figure 1, Table 2).

Roughness data (Ra and Rz) indicated that thereamamcrease in roughness
(p<0.05) as a function of the bur grit sizeble 3. Aging (LTD) significantly affected
the roughness of all groups. While the roughnesshef Ctrl and Xfine groups
significantly decreased after LTD, the roughnedsaesincreased for the Coarse group
(Table 2).

X-ray diffraction showed that the greater bur gres yielded a greater amount of
m-phase detected on the materials surface. Thisysisahlso showed that aging
increased the monoclinic content for all groupfhalgh in distinct intensities, as the
Xfine LTD group and the Coarse LTD group presemdscer m-phase content (15.75%
and 28.75%, respectively) and transformation def@87 pum and 1.72 um,
respectively) when compared to the Ctrl (53.33% 38r&6 pum), although the same

aging protocol was performed (20 hours, 134°C,r2 ba
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Weibull statistical analysis shown a significantregase in characteristic strength
after submitting the specimens to the grinding pdace (Xfine=Coarse>Ctrl). LTD
promoted distinct effects on all groups, while @&irl it presented statistically higheg
values after aging, lowaert. values were observed for Coarbaf were still statistically
similar to the Ctrl without LTD (Coarse>Coarse LTO#). For the Xfine groups, LTD
did not promote any statistical changesitvalues. Regarding the reliabilityn(value),
neither grinding nor LTD were able to reduce theiMvik modulus of the Y-TZP tested
(Table 2 and Figure 2).

Figure 3 shows 6 representative fracture surfaites) the Coarse, Ctrl and Citrl
LTD groups. In all cases, the initial defect isatlg observed on the tensile surface of
the material (Figure 3), probably generated dupngcessing of the sample (Ctrl and
Ctrl LTD groups) or due to the scratches createdytiyding (Coarse group) (Quinn
2007Y".

DISCUSSION

The main purpose of this current study was to amalye effect of LTD on the
surface topography and mechanical strength of aZkP-€eramic after grinding with
diamond burs. The present study showed that grgniditially triggered transformation
toughening on the Y-TZP surface, leading to higheralues, and that LTD promoted
distinct effects on the mechanical behavior varyaregordingly to the surface pattern
generated by the grinding procedure. It is impdrtamote that, although a high rate of
t—m transformation was observed in all groups, dedraglaof the mechanical
properties were observed only for the Coarse LT@ugr which could indicate that a
high rate of m-phase content is not the only imgodrtaspect for predicting the
mechanical behavior of the material, while othgreass like topography and roughness

should be taken into consideration.
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Several studies have been performed to understenéftects of exposing the Y-
TZP ceramic to low temperatures in the presencewater over long time
period§"?%#1?223 These studies showed that these procedures itfecent amounts
of t—m phase transformation on the zirconia surface,féwt of them evaluated the
mechanical strength of the ceramic after LTD, ansstmmportantly, the interaction
between this phenomenon with the surfaces that grexend with diamond burs used in
dental office$%.

According to Chevalier et al. 208% the amount ofn-phase is strongly dependent
on the temperature and dwell time: a higher tentpezaand longer dwell time tend to
produce a higher transformation rste*® Transformation rate could also be related to
grain size: larger tetragonal grain size typicaihpvide for lower phase stabilfy*

M ceramic exhibited a large grain size, as alreagponted® thus, there is a

Lava'
greater possibility of phase transformation fort theateriaf>*> Furthermore, residual
stress caused by zirconia surface treatments s alsletermining factor for the
susceptibility of Y-TZP ceramics to LTH

The current literatur&'’ shows that thé—m phase transformation initially occurs
at superficial grains and later spreads to the biilthe material; as a consequence of
this phase transformation, superficial grains magy lbst, increasing the surface
roughness.

In the present study, SEM micrographs and roughaesdysis showed that the
Xfine and Ctrl groups presented a more regularaserfivhen compared to the Coarse
group, a fact that may indicate poor water accéddgilin the deeper layers of the

material, making it harder for LTD to occur. Consenqtly,t—m phase transformation

likely started at more superficial areas, such ath wgurface grains located at
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topographic peaks, promoting debonding of thosengrand unexpectedly generating
an even more regular surface (reduction in meaari®aRz roughness values) .

On the other hand, the Coarse group obtained hidgteesnd Rz roughness values
when compared to the other groups, both beforeafted LTD. Since the grit size of the
bur is larger, a more irregular surface was produeéth deeper defects and increased
distance between peaks, giving greater accesgibilitvater into the Y-TZP structure,
favoring the LTD mechanism and enhancing the sarfasughness due to the
detachment of surface graift$”.

There are conflicting results in the literature aeting the effect of LTD on the
mechanical properties of materials. Kim et al 2088owed that flexural strength did
not decrease when 54%-phase was detected. On the other hand, Ban e€0ag
noticed a decrease in strength with a 50%phase on the zirconia surface. These
differences may be explained by a study by Cattanénte et al. 20, who noticed
that the amount afn-phase remained unaltered during additional agign when the
transformation progressed into the bulk of the matdt is important to note that none
of these studies considered the surface topograptdyroughness of the material. The
current study demonstrates that these are imporéespects for predicting the
mechanical behavior and an increase or decreabe isusceptibility of the material to
LTD.

The current data indicates that a rougher surfaigetentiate the effects of aging
(LTD), consequently leading to a degradation of thechanical properties and
increasing the risk of a catastrophic failure, &sewved for the Coarse group, which
presented a statistical decreasasjivalues after LTD On the other hand, a smoother

surface will hinder the LTD process, decreasing risks of catastrophic failure, as
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noted in the Ctrl and Xfine groups, which did noégent a statistical decrease &r
values after LTD.

The Ctrl group exhibited a significant increasesirafter LTD, probably due to an
increasedm-phase content leading to transformation at dedagers (Table 2),
influencing the magnitude of thircrease in toughneds The increased volume due to
thet—m transformation lead to the accumulation of comgixesstress, which probably
compensated for the tensile stresses exerted dilminfiexural tes{>%*° For the Xfine
and Coarse groups, distinct behaviors were notiesén though they presented a
significant increase irm-phase after LTD. Both groups presented a lowerhasg
content when compared to Ctrl LTD. Furthermore, levtihe Xfine group maintained
statistically similare. values before and after LTD, the Coarse group ptedea
degradation of mechanical properties and presentigtrease ia. values after LTD.

Grinding promoted the formation of a tension bar(@trl — 0%m-phaseand Oum
depth of transformed layer, Xfine — 9% and 0.48 @warse — 12.78% and 0.69 um), in
opposition to the crack propagation, the toughemireghanistf3"%3? The intensity
of this mechanism, associated with the surfacegmuhy pattern, was responsible for
distinct susceptibility to low temperature degraatatin the present study. Another
important fact is that surfaces subjected to gngdieem to be less susceptiblé-tem
transformation during aging (LTD), since the XfihdD and Coarse LTD groups
presented lowem-phase content when compared to the Ctrl LTD gr(@iol LTD —
53.33% and 3.8(um, Xfine LTD — 15.75% and 0.87 pum, Coarse LTD8-78% and
1.72 um) most likely caused by a protective effect achiebg the formation of the
tension barrier by¥—m transformation on the surface on the material.

It is important to note that the current findingsftict with Kosmac et al. in 1999

2008°, where grinding with diamond burs did not promate increase in m-phase
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content and introduced severe defects on the rah&niface, leading to degradation of
the mechanical properties. Those authors used ladpiged handpiece for grinding,
which can lead to a temperature increase at th&R®-qurface, consequently triggering
a reverse m-t transformation that works against transformationghening. In the
present study, a low-speed handpiece was used atitindant water-cooling(
30ml/min), resulting in a less aggressive grindingcedure.

In some situations, surface flaws introduced byaser treatments can overcome the
effects of the compression layer and be detrimentétigue propertiés™> leading to
a decrease in biaxial strength and survival aftgnga (at 134°CH*. In this present
study, grinding with a coarse diamond bur produatigth roughness values which were
not sufficient to promote a decrease in biaxiadrggth. When LTD was induced in the
specimens prepared using a course burt-tha transformation induced a formation of
a thin layer of tension barrie€Cfarse LTD presented lowarphase content (28.75%)
and transformation depth (1.717 pm) when compavetia Ctrl (53.33% and 3.86 pm
respectively), which wasot enough to prevewrtack propagation, causing degradation
of mechanical properties

It was proposed that the compressive stresses apmeelon the zirconia surface
would initially increase the flexural strengftf> However, in an opposite effect, with
the progression of the—»m transformation, microcracks and residual tensitesses
could appear and lead to a decrease in strengih. Hijpothesis is supported by the
findings of Chevalier et al. 206%7 who observed that the phase transformation starts
the surface, as observed in in the current studg, @oceeds into the bulk of the
material, as shown under fatigue conditidi. Thus, fatigue studies should be
conducted that consider the present experimentabr&a (roughness and m-phase

content), since they can intensify material degiiadainder cyclic loading.
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Some studiéé*® have shown strength datay§, o1) for 5-10% probability of
failure from Welibull analysis, as described in Bal3l. These values are considered
clinically more relevant, since they are relategptemature failure of the material. The
current literature shows that, from a clinical gahview, maximum masticatory forces
may easily achieve 300-400N, with lower averagemuhg forces of approx. 220N in

{4 Assigning those forces to a contact area of 7-8ifsingle molar

the molar regio
tooth) results in an average chewing pressure oBIMP4C. Thus, all surface
treatments evaluated in the present study genestedalues that were significantly
higher than those involved in a clinical situatioeyen after LTD, although an
evaluation of these effects under mechanical fatigill seems to be necessary, as it
could result in a different response.
CONCLUSIONS
These present findings support that LTD was natirdental to the mechanical

properties of zirconia. Grinding was not detrimé&nktewever, when the zirconia was
submitted to LTD, the defects introduced by grigdicould be detrimental to the
material resistance. Roughness seems to be antampéactor that should be taken into
consideration for predicting a material’s mechdrehaviors after LTD, as a smoother
surface decreases the susceptibility of LTD andumer surface showed to be more
prone to LTD. Thus, grinding zirconia should be ided; although, tools with low grit
sizes should be employed when grinding is necessary
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Coarse group

Coarse LTD group

Figure 1 —Micrographics obtained trough Scanning Electronrivicopy of tested groups (100x, 1000x, 2000x arfids@f magnification
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Figure 2 =Weibull analysis plots for testing group data.
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Figure 3 — Representative micrographics of the fracture seda(fractography examination) using a Scanning tElec Microscope.
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TABLES
Table 1 — Experimental Design
Group N Surface treatment Low Temperature Degradation - LTD
Ctrl LTD 34  (Without treatment, control) With
Coarse 34  Coarse Diamond Bur #3101( Without
Coarse LTD 34 (average grit size 181 pm) With
Xfine 34 Extra-fine Diamond Bur Without
Xfine LTD 34 #3101FF With

(average grit size 25 pum)
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Table 2 — X-ray Difractometry analysis (% of monodhnic Phase, Depth of Transformed Layer), Results frm Analysis of Variance (two-

way ANOVA) from Roughness Data (Ra and Rz) for treament and aging factor @=0.05, p = 0.0000), descriptive statistical analysi

(Mean and Standard Deviation) of biaxial flexural cata and Pearson linear correlation analysis (coeffient of linear correlation) between

roughness (Ra) versus mean strengtby).

Depth of

Monoclinic Phase Roughness Ra Roughness Rz Mean (o¢) Standard Coefficient of linear
Groups (%) transfo(rurrrlne)d layer (um) (um) (MPa) Deviation (MPa) correlation —r (Ra X o)

CTRL 0.00 0.00 0.67 —0.27 4.43 -1.58 865.9 126.1 -0.34 (p=0.07)
CTRLLTD 53.33 3.86 0.28 -0.18 2.24-0.62 980.2 122.9 0.03 (p=0.89)
XFINE 9.00 0.48 0.86 — 0.15 5.55 - 0.85 1085.8 179.7 -0.07 (p=0.70)
XFINE LTD 15.75 0.87 0.62-0.1 4.32 -0.6% 1086.6 120.1 -0.09 (p=0.64)

COARSE 12.78 0.69 1.41-0.8 8.43 —1.48 1076.8 134.9 -0.51 (p= 0.003)
COARSE LTD 28.75 1.72 1.79 - 0.29 10.64 — 1.47 830.0 135.0 -0.18(p= 0.35)

*same letters correspond to statistical similarity

*different letters correspond to statistical difference
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Table 3 — Characteristic Strength 6.), Weibull modulus (m) and respective

Confidence Intervals (Cl - 95%).

Groups 6. Cl (95%) m Cl (95%) 605
Ctrl 917.58 870.86 —965.40 8.33 5.83-10.70 642.26
Ctrl LTD 1033.36 986.9 —1080.62  9.46 6.62 — 12.16 754.85
Xfine 1171.38 1091.39 — 1254.6¢ 6.15 431-791 722.88

Xfine LTD 1138.52 1093.26 —1184.3: 10.7Z 7.50 -13.78 863.11
Coarse 1136.32 1083.58 —1190.07 9.15 6.41-11.76 821.44
Coarse LTD  885.04 833.93-937.75 7.3F 5.12-9.40 589.63

*same letters correspond to statistical similarity
*different letters correspond to statistical difference
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5. CONSIDERACOES FINAIS

Sob as condicbes apresentadas nesse estudo, podbswrsar que sob um
ponto de vista metodoldgico o desgaste da superdiiY-TZP executado com discos
diamantados nao pode ser utilizado para simulaesgabte apresentado clinicamente
com pontas diamantadas, pois estes ndo apreserdgians semelhantes.

A LTD promoveu um aumento significativo de fase wmamica na superficie
do material e promoveu um aumento significativoetasténcia a flexdo biaxial para o
grupo Ctrl, demonstrando que mesmo 20 horas de envelhecimemtautoclave n&o
foram suficientes para promover degradacéo dasipdaaes mecanicas do material.

O tratamento de superficie (desgaste) também premawm aumento de fase
monoclinica na superficie do material e um aumemtaesisténcia a flexdo biaxial,
corroborando 0o mecanismo de tenacificacdo, denamtstna literatura, que a zirconia
sofre quando submetida ao desgaste. Entretantadguarzirconia foi submetida ao
desgaste e a LTD, apenas para pontas diamantadasnde granulacaoXfine) nao foi
observada perda estatisticamente relevante dei@dades mecanicas. Para o grupo
Coarse (maior granulacédo) foi observada uma diminuicdo resisténcia flexural,
indicando que os defeitos introduzidos pelo desgesin brocas de maior granulagéo
potencializam os efeitos da LTD e podem atuar ctatoyes concentradores de tenséo e
levar a fratura catastréfica do material ao longdesimpo.

Dessa forma nossos achados suportam que a LTD rardha impactado em
aumento de fase monoclinica e alterado a micromogdia de superficie, ndo provocou
efeito estatisticamente significante para as peojdes mecanicas do material e que o
tratamento de superficie (desgaste), inicialmeidte foi prejudicial as propriedades
mecanicas. Entretanto, quando os efeitos do desgastsomados aos efeitos da LTD,
os defeitos introduzidos pelo desgaste podem sfudiciais a resisténcia flexural do
material. Por isso o desgaste da superficie d@rdacdeve ser evitado e quando

necessario deve ser executado com pontas diamamtaaaenor granulacao.
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To provide Open Access, this journal has a puliticafiee which needs to be met by the authors ar the
research funders for each article published Opeare#s Your publication choice will have no effent o
the peer review process or acceptance of subndttedes.

The publication fee for this journal $250Q excluding taxes. Learn more about Elsevier'sigipolicy:
http://www.elsevier.com/openaccesspricing.

Language (usage and editing services)

Please write your text in good English (AmericamBatish usage is accepted, but not a mixture e#).
Authors who feel their English language manusaripy require editing to eliminate possible
grammatical or spelling errors and to conform toect scientific English may wish to use the Erglis
Language Editing service available from ElseviéfsbShop
(http://webshop.elsevier.com/languageediting/)isit wur customer support site
(http://support.elsevier.com) for more information.

Submission

Submission to this journal proceeds totally onkmel you will be guided stepwise through the creatio
and uploading of your files. The system automatiaadnverts source files to a single PDF file af th
article, which is used in the peer-review proc@$sase note that even though manuscript sourcedike
converted to PDF files at submission for the revigacess, these source files are needed for further
processing after acceptance. All correspondenckidimg notification of the Editor's decision and
requests for revision, takes place by e-mail remgpthe need for a paper trail.

PREPARATION

NEW SUBMI SSIONS

Submission to this journal proceeds totally onkmel you will be guided stepwise through the creatio
and uploading of your files. The system automdtiaadnverts your files to a single PDF file, whiish
used in the peer-review process.

As part of the Your Paper Your Way service, you roagose to submit your manuscript as a single file
to be used in the refereeing process. This canRigrafile or a Word document, in any format or lao
that can be used by referees to evaluate your meaptidt should contain high enough quality figsifer
refereeing. If you prefer to do so, you may stithyide all or some of the source files at the aiti
submission. Please note that individual figuresflerger than 10 MB must be uploaded separately.

References

There are no strict requirements on reference ftiimggat submission. References can be in any style
format as long as the style is consistent. Whepdicgble, author(s) name(s), journal title/booletit
chapter title/article title, year of publicatiorgplume number/book chapter and the pagination neist b
present. Use of DOI is highly encouraged. The exfee style used by the journal will be applied® t
accepted article by Elsevier at the proof stageeXuat missing data will be highlighted at protaige

for the author to correct.

Formatting requirements
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There are no strict formatting requirements butr@huscripts must contain the essential elements
needed to convey your manuscript, for example AlsstiKeywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tablik ®aptions.

If your article includes any Videos and/or othep@lementary material, this should be included inryo
initial submission for peer review purposes.

Divide the article into clearly defined sections.

Figures and tables embedded in text

Please ensure the figures and the tables includekisingle file are placed next to the relevart in
the manuscript, rather than at the bottom or theofahe file.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original subsion, at revision you must provide us with anaalé
file of the entire article. Keep the layout of tiext as simple as possible. Most formatting codidsoe
removed and replaced on processing the article eldatronic text should be prepared in a way very
similar to that of conventional manuscripts (ses dhe Guide to Publishing with Elsevier:
http://www.elsevier.com/guidepublication). See als® section on Electronic artwork.

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

LaTeX

You are recommended to use the Elsevier artickeselaarticle.cls
(http://www.ctan.org/tex-archive/macros/latex/cdnflsarticle) to prepare your manuscript and Bi¥Te
(http://www.bibtex.org) to generate your biblioghgp

For detailed submission instructions, templatesathdr information on LaTeX, see
http://www.elsevier.com/latex.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbeisections. Subsections should be numbered
1.1 (then1.1.1,1.1.2, ...), 1.2, etc. (the alssisanot included in section numbering). Use thisbering
also for internal cross-referencing: do not jugéréo 'the text'. Any subsection may be giveniafbr
heading. Each heading should appear on its owrraepne.

Introduction
State the objectives of the work and provide amadte background, avoiding a detailed literaturgesy
or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to eproduced. Methods already published should be
indicated by a reference: only relevant modificasicshould be described.

Theory/calculation

A Theory section should extend, not repeat, th&dracind to the article already dealt with in the
Introduction and lay the foundation for further Wwoin contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the resoftthe work, not repeat them. A combined Resuits a
Discussion section is often appropriate. Avoid egtee citations and discussion of published liteneat

Conclusions
The main conclusions of the study may be presentadshort Conclusions section, which may stand
alone or form a subsection of a Discussion or Resuld Discussion section.

Appendices
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If there is more than one appendix, they shouldibetified as A, B, etc. Formulae and equations in
appendices should be given separate numberind2ED), Eq. (A.2), etc.; in a subsequent appendi, E
(B.1) and so on. Similarly for tables and figur€able A.1; Fig. A.1, etc.

Essential title page information

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

» Author names and affiliations. Where the family name may be ambiguous (e.g., dldmame), please
indicate this clearly. Present the authors' affdiaaddresses (where the actual work was donewbisle
names. Indicate all affiliations with a lower-casgerscript letter immediately after the authoama

and in front of the appropriate address. Proviaeftii postal address of each affiliation, incluglithe
country name and, if available, the e-mail addoéssach author.

« Corresponding author. Clearly indicate who will handle correspondencalbstages of refereeing and
publication, also post-publicatioBnsure that phone numbers (with country and area cde) are
provided in addition to the e-mail address and theomplete postal address.

Contact details must be kept up to date by the coasponding author.

« Present/permanent address. If an author has moved since the work describdterarticle was done, or
was visiting at the time, a 'Present addressP@manent address’) may be indicated as a fodimthat
author's name. The address at which the authoalfctlid the work must be retained as the main,
affiliation address. Superscript Arabic numerabs ased for such footnotes.

Abstract

A concise and factual abstract is required. Thératisshould state briefly the purpose of the retea

the principal results and major conclusions. Artraas is often presented separately from the artsb it
must be able to stand alone. For this reason, &afes should be avoided, but if essential, thertloé
author(s) and year(s). Also, non-standard or uncomabbreviations should be avoided, but if essentia
they must be defined at their first mention in éhstract itself.

Graphical abstract

A Graphical abstract is mandatory for this jourttaghould summarize the contents of the articla in
concise, pictorial form designed to capture therditbn of a wide readership online. Authors must
provide images that clearly represent the work iilesd in the article. Graphical abstracts should be
submitted as a separate file in the online subonissystem. Image size: please provide an imageawith
minimum of 531 x 1328 pixels (h x w) or proportiiganore. The image should be readable at a size of
5 x 13 cm using a regular screen resolution of @6Rreferred file types: TIFF, EPS, PDF or MS ©fi
files. See http://www.elsevier.com/graphicalabgtdor examples.

Authors can make use of Elsevier's lllustration BEntlancement service to ensure the best presentatio
of their images also in accordance with all techhiequirements: lllustration Service.

Highlights

Highlights are mandatory for this journal. They sish of a short collection of bullet points thahgey
the core findings of the article and should be sttiethin a separate file in the online submissipstam.
Please use 'Highlights' in the file name and inel8do 5 bullet points (maximum 85 characters,
including spaces, per bullet point). See http://waleevier.com/highlights for examples.

Abbreviations

Define abbreviations that are not standard infthld in a footnote to be placed on the first paféhe
article. Such abbreviations that are unavoidabteérabstract must be defined at their first mentieere,
as well as in the footnote. Ensure consistencyobfeviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate sectidreagnd of the article before the references ambtio

therefore, include them on the title page, as énfte to the title or otherwise. List here thosdividuals

who provided help during the research (e.g., pliagittnguage help, writing assistance or proof iread
the article, etc.).

Units

Follow internationally accepted rules and convergiaise the international system of units (Slpthfer
quantities are mentioned, give their equivalerlinAuthors wishing to present a table of nomenctat
should do so on the second page of their manuscript
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Math formulae

Present simple formulae in the line of normal tekere possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g/YXIn principle, variables are to be presentedalics.
Powers of e are often more conveniently denoteeldpy Number consecutively any equations that have
to be displayed separately from the text (if refdrto explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number thersemutively throughout the article. Many
wordprocessors build footnotes into the text, dmslfeature may be used. Should this not be the, cas
indicate the position of footnotes in the text gndsent the footnotes themselves separately anithef
the article. Do not include footnotes in the Refieeslist.

Table footnotes
Indicate each footnote in a table with a superstoipercase letter.

Artwork

Electronic artwork

General points

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

« Preferred fonts: Arial (or Helvetica), Times N&wsman (or Times), Symbol, Courier.

* Number the illustrations according to their setpeein the text.

» Use a logical naming convention for your artwéhés.

« Indicate per figure if it is a single, 1.5 or @hemn fitting image.

« For Word submissions only, you may still providgures and their captions, and tables within a
single file at the revision stage.

« Please note that individual figure files largeat 10 MB must be provided in separate source files
A detailed guide on electronic artwork is availabieour website:
http://www.elsevier.com/artworkinstructions.

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

Regardless of the application used, when your reeict artwork is finalized, please 'save as' ornveoh
the images to one of the following formats (note tasolution requirements for line drawings, halés,
and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font eeghe text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs {ha#s): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a mimmof 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/halfeédnolor or grayscale): a minimum of 500 dpi is
required.

Please do not:

* Supply files that are optimized for screen usg.(&IF, BMP, PICT, WPG); the resolution is towlo
 Supply files that are too low in resolution.

» Submit graphics that are disproportionately lefagehe 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 submiblesa
color figures then Elsevier will ensure, at no éiddal charge, that these figures will appear ilocon
the Web (e.g., ScienceDirect and other sites) ddgss of whether or not these illustrations are
reproduced in color in the printed versigir color reproduction in print, you will receive
information regarding the costs from Elsevier afterreceipt of your accepted article Please indicate
your preference for color: in print or on the Watlyo For further information on the preparation of
electronic artwork, please see http://www.elseg@n/artworkinstructions.

Please note: Because of technical complicationsiwén arise by converting color figures to 'greaia’
(for the printed version should you not opt forardh print) please submit in addition usable blacki
white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Aioapghould comprise a brief titlagt on the figure itself)
and a description of the illustration. Keep textha illustrations themselves to a minimum but akphll
symbols and abbreviations used.

Tables
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Number tables consecutively in accordance withr thgpearance in the text. Place footnotes to tables
below the table body and indicate them with supgrsiowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that tteeptasented in tables do not duplicate resultsries!
elsewhere in the article.

References

Citation in text

Please ensure that every reference cited in thést@kso present in the reference list (and viersa).
Any references cited in the abstract must be ginduall. Unpublished results and personal
communications are not recommended in the referistcdut may be mentioned in the text. If these
references are included in the reference list #imuld follow the standard reference style of therjal
and should include a substitution of the publicatiate with either 'Unpublished results' or 'Peason
communication'. Citation of a reference as 'in grasplies that the item has been accepted 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 litmkabstracting and indexing services, such as&gop
CrossRef and PubMed, please ensure that data prbiridhe references are correct. Please note that
incorrect surnames, journal/book titles, publicaty@ar and pagination may prevent link creationeWh
copying references, please be careful as they mnegdy contain errors. Use of the DOI is encouraged
Web references

As a minimum, the full URL should be given and tia#e when the reference was last accessed. Any
further information, if known (DOI, author namesytes, reference to a source publication, etc.uldho
also be given. Web references can be listed seghafatg., after the reference list) under a défer
heading if desired, or can be included in the eafee list.

References in a special issue

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

Reference formatting

There are no strict requirements on reference ftimmgaat submission. References can be in any style
format as long as the style is consistent. Whepdiggble, author(s) name(s), journal title/booletit
chapter title/article title, year of publicatiorgplume number/book chapter and the pagination neist b
present. Use of DOI is highly encouraged. The exfee style used by the journal will be applied® t
accepted article by Elsevier at the proof stagee Nuat missing data will be highlighted at protaige

for the author to correct. If you do wish to forntfaé references yourself they should be arranged
according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single authorthe author's name (without initials, unless therambiguity) and the year of
publication;

2. Two authorsboth authors' names and the year of publication;

3. Three or more authordirst author's name followed by ‘et al.' and tharyef publication.

Citations may be made directly (or parentheticalBfoups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 200089;18llan and Jones, 1999). Kramer et al. (2010)
have recently shown ....'

List: References should be arranged first alphabetiealtithen further sorted chronologically if
necessary. More than one reference from the satherés) in the same year must be identified by the
letters 'a’, 'b', 'c', etc., placed after the ydgrublication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R@&L02The art of writing a scientific article. J.iSc
Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The ElementStfle, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to preparekaetronic version of your article, in: Jones, B.S.
Smith , R.Z. (Eds.), Introduction to the ElectroAige. E-Publishing Inc., New York, pp. 281-304.
Journal abbreviations source

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

Elsevier accepts video material and animation secpgeto support and enhance your scientific rebearc
Authors who have video or animation files that thegh to submit with their article are strongly
encouraged to include links to these within theybaitthe article. This can be done in the same asag
figure or table by referring to the video or animmatcontent and noting in the body text where dst

be placed. All submitted files should be propealydled so that they directly relate to the vidésdfi
content. In order to ensure that your video or atiom material is directly usable, please proviuefiles

in one of our recommended file formats with a pnefeé maximum size of 50 MB. Video and animation
files supplied will be published online in the dleaic version of your article in Elsevier Web puots,
including ScienceDirect: http://www.sciencedireotrt

Please supply 'stills' with your files: you can ake any frame from the video or animation or make a
separate image. These will be used instead of atdndons and will personalize the link to youredd
data. For more detailed instructions please vigitvideo instruction pages at
http://www.elsevier.com/artworkinstructions. Nosince video and animation cannot be embedded in the
print version of the journal, please provide textlioth the electronic and the print version fa th
portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudiesSpresentation with their published article.
AudioSlides are brief, webinar-style presentatithrag are shown next to the online article on
ScienceDirect. This gives authors the opporturitgtmmarize their research in their own words and t
help readers understand what the paper is about Mformation and examples are available at
http://www.elsevier.com/audioslides. Authors oftjournal will automatically receive an invitatien
mail to create an AudioSlides presentation afteeptance of their paper.

Supplementary data

Elsevier accepts electronic supplementary mattrialipport and enhance your scientific research.
Supplementary files offer the author additionalgdoitities to publish supporting applications,
highresolution images, background datasets, solipgland more. Supplementary files supplied will be
published online alongside the electronic versibyoair article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. Inartb ensure that your submitted material is diyect
usable, please provide the data in one of our rezeamded file formats. Authors should submit the
material in electronic format together with theédetand supply a concise and descriptive capton f
each file. For more detailed instructions pleas# wiur artwork instruction pages at
http://www.elsevier.com/artworkinstructions.

MATLAB FIGfiles

MATLAB FIG files (optional): You can enrich your bne articles by providing supplementary
MATLAB figure files with the .FIG file extension.Rese files will be visualized using an interactive
viewer that allows readers to explore your figuséthin the article. The FIG files can be uploadedur
online submission system, and will be made availédidownload from your online article on
ScienceDirect. For more information, please sqe/hitww.elsevier.com/matlab.

I nteractive plots

This journal encourages you to include data andhiipaive results as interactive plots with your
publication. To make use of this feature, pleaskige your data as a CSV (comma-separated valiles) f
when you submit your manuscript. Please refertim/hivww.elsevier.com/interactiveplots for further
details and formatting instructions.

Submission checklist

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

Ensure that the following items are present:

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

* E-mail address

* Full postal address

« Telephone

All necessary files have been uploaded, and cantain

» Keywords
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« All figure captions

« All tables (including title, description, footrex)

Further considerations

« Manuscript has been 'spell-checked' and 'granuinecked'

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

« Permission has been obtained for use of copwiyhtaterial from other sources (including the Web)
« Color figures are clearly marked as being intehide color reproduction on the Web (free of charge
and in print, or to be reproduced in color on thebB/\free of charge) and in black-and-white in print

« If only color on the Web is required, black-antiitg versions of the figures are also supplied for
printing purposes

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

AFTER ACCEPTANCE

Use of the Digital Object I dentifier

The Digital Object Identifier (DOI) may be useddite and link to electronic documents. The DOI
consists of a unique alpha-numeric character stsinigh is assigned to a document by the publisher
upon the initial electronic publication. The asgdOIl never changes. Therefore, it is an idealinmed
for citing a document, particularly 'Articles ingss' because they have not yet received their full
bibliographic information. Example of a correctliyegn DOI (in URL format; here an article in the
journalPhysics Letters B

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documentthermweb, the DOIs are guaranteed never to change.

Online proof correction

Corresponding authors will receive an e-mail witink to our online proofing system, allowing
annotation and correction of proofs online. Theiemment is similar to MS Word: in addition to edd
text, you can also comment on figures/tables assvanquestions from the Copy Editor.

Web-based proofing provides a faster and less-pn@re process by allowing you to directly type you
corrections, eliminating the potential introductioinerrors.

If preferred, you can still choose to annotate apidad your edits on the PDF version. All instrans

for proofing will be given in the e-mail we sendaothors, including alternative methods to theranli
version and PDF. We will do everything possiblgéb your article published quickly and accurately -
please upload all of your corrections within 48 tsolt is important to ensure that all correctians sent
back to us in one communication. Please checkuhrdfefore replying, as inclusion of any subseduen
corrections cannot be guaranteed. Proofreadingjésysyour responsibility. Note that Elsevier may
proceed with the publication of your article if response is received.

Offprints

The corresponding author, at no cost, will be ptediwith a PDF file of the article via email (thBP
file is a watermarked version of the publishedcketand includes a cover sheet with the journaécov
image and a disclaimer outlining the terms and tmms of use). For an extra charge, paper offpraan
be ordered via the offprint order form which istsence the article is accepted for publication.rBot
corresponding and co-authors may order offprinenattime via Elsevier's WebShop
(http://webshop.elsevier.com/myarticleservices/offis).

Authors requiring printed copies of multiple artisimay use Elsevier WebShop's '‘Create Your Own
Book' service to collate multiple articles withirsimgle cover
(http://webshop.elsevier.com/myarticleservices/offis/myarticlesservices/booklets).

AUTHOR INQUIRIES

For inquiries relating to the submission of artic{ancluding electronic submission) please viss th
journal's homepage. For detailed instructions erpifeparation of electronic artwork, please visit
http://www.elsevier.com/artworkinstructions. Coritdetails for questions arising after acceptancanof
article, especially those relating to proofs, il provided by the publisher.

You can track accepted articles at http://www.dkeeom/trackarticle. You can also check our Author
FAQs at http://www.elsevier.com/authorFAQ and/onte@t Customer Support via
http://support.elsevier.com.

© Copyright 2012 Elsevier | http://www.elsevier.com
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Anexo B - AUTHOR GUIDELINES FOR JOURNAL OF BIOMEDICAL
MATERIALS RESEARCH PART B: APPLIED BIOMATERIALS.

Aims and Scope

Journal of Biomedical Materials Research PartApplied Biomaterialss an official journal of the
Society for Biomaterials, the Japanese Society Biomaterials, the Australasian Society for
Biomaterials, and the Korean Society for Biomatsrit is a peer-reviewed journals serving the iseafd
biomaterials professionals who devise, promote)yappgulate produce, and market new biomaterials
and medical devices. Papers are published on dedeeelopment, implant retrieval and analysis,
manufacturing, regulation of devices, liability atetal issues, standards, reviews of different aevi
areas, and clinical applications. Published marpistit into one of six categories: original resear
reports, clinical device-related articles, shoge@rch and development reports, review, specialrtepr
columns and editorials. Manuscripts from all coigstrare invited but must be in English. Authorsraoe
required to be members of a Society for Biomatsrial

Types of Articles Considered for Publication

Original Research Reports:Full-length papers consisting of complete and itdetadescriptions of a
research problem, the experimental approach, titknfys, and appropriate discussion. Findings should
represent significant new additions to knowledge.

Clinical Device-Related Articles:Full-length papers addressing such issues as ialafmocessing,
device construction, regulatory matters, clinicall$, and device retrieval.

Reviews:Scholarly and critical topic-oriented reviews tlpaesent a state-of-the-art view. While most
reviews are solicited, person sinterested in couting may contact the Editor.

Special Reports:Reports of special topic-oriented symposia,devatgeval protocols, or other special
reports not described in the above categoriesofémnterest to the applied biomaterials researcti an
development community. Potential contributors stioobntact the Editor before submitting special
reports.

Columns and Editorials: While columns and guest editorials areprepondbrasulicited, persons
interested in becoming columnists orcontributingagthls are encouraged to contact the Editor.

Submission of Manuscripts

Online Submission: Journal of Biomedical Materials Research Part B:piiged Biomaterialds now
receiving submitted manuscripts online at http:/manuscriptcentral.com/jbmr-b.

Submit  all  new  manuscripts  online. Launch  your  webbrowser and go
tohttp://mc.manuscriptcentral.com/jbmr-b. Check dor existing user account. If you are submitting fo
the first time, and you do not find an existing@aat, create a new account. Follow all instructions

At the end of a successful submission, a confirmmagicreen with manuscript number will appear and yo
will receive an e-mail confirming that the manuptias been received by the journal. If this doats n
happen,please check your submission and/or cotgabtsupport using the Get Help Now link in the
right corner of any screen.

Upon Acceptance:Manuscript files will now automatically be senttte publisher for production. It is
imperative that files be in the correct format woid a delay in the production schedule.

JBMR Part Bhas adopted a policy that requires authors to maktatement concerning potential conflict
of interest relating to their submitted articleheTEditorial Board asks authors of original repa@msl
reviews to disclose, at the time of submission:gdy financial or employment arrangements they may
have with a company whose product figures promigéntthe submitted manuscript or with a company
making a competitive product; and (2) any grantsamtracts from a government agency, a nonprofit
foundation, or a company supporting the preparatibthe manuscript or the described research. This
information will be available to the reviewers b&tmanuscript. If the article is accepted for pedilon,

the editor will discuss with the authors the maninewhich such information may be communicated to
the reader.

At the time of submissiodBMR Part Basks authors to certify that all animals utilizadheir research
were cared for according to the policies and ppiles established by the Animal Welfare Act and the
NIH Guide for Care and Use of Laboratory Animals.
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Review ProcessAll original reports and reviews receive criticaview by at least two reviewers with
expertise in the major subject area of the papavidwvers may recommend "Acceptance as is,"
"Acceptance with modification," or "Rejection." tiodification is required, the manuscript is retuthe
the author(s). The revised manuscript is then veeveed by the original reviewers, and even re-reig
necessary. Differences in opinion are resolvedutyrsssion either to a third reviewer or the Editor.

Copyright/Licensing

If your paper is accepted, the author identifiedttees formal corresponding author for the paper will
receive an email prompting them to login into Autl8ervices; where via the Wiley Author Licensing
Service (WALS) they will be able to complete theelise agreement on behalf of all authors on therpap

For authors signing the copyright transfer agreemet If the Online Open option is not selected the
corresponding author will be presented with theycigit transfer agreement (CTA) to sign. The terms
and conditions of the CTA can be previewed in thegles associated with the Copyright FAQs below:
CTA Terms and Conditions http://authorservices.widem/bauthor/fags_copyright.asp

For authors choosing Online Openif the Online Open option is selected the corresiiy author will
have a choice of the following Creative Commonsehge Open Access Agreements (OAA): Creative
Commons Attribution Non-Commercial License OAA Grea Commons Attribution Non-Commercial -
NoDerivs License OAA To preview the terms and ctinds of these open access agreements please visit
the Copyright FAQs hosted on Wiley Author
Services http://authorservices.wiley.com/bauthggfaopyright.aspand

visit http://www.wileyopenaccess.com/details/comt&rf25db4c87/Copyright--License.html.  If  you
select the Online Open option and your researdtnided by The Wellcome Trust and members of the
Research Councils UK (RCUK) you will be given thgportunity to publish your article under a CC-BY
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