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Vechiato Filho AJ. Analise superficial e resisténcia de uniio entre zirconia e cimentos
resinosos apos tratamento de superficie com plasma de baixa temperatura e/ou primer
metalico [Tese]. Aracatuba: Faculdade de Odontologia da Universidade Estadual Paulista;

2016.

RESUMO

Devido ao alto contetido cristalino na composi¢do da zirconia, o condicionamento com acido
hidrofluoridrico ndo ¢ capaz de promover as alteracdes topograficas necessarias na superficie
da zirconia para promover adequadamente retencdo micromecanica com o0s cimentos
resinosos. Esse fato faz com que adesdo da zircOnia com tais cimentos seja pequena €
problematica. Atualmente, ndo existe um protocolo bem estabelecido para a cimentagdo da
zirconia (Y-TZP) com cimentos resinosos. Os plasmas de baixa temperatura (PBT) podem
ser uma alternativa para os problemas clinicos relacionados a adesdo. O objetivo do presente
estudo foi caracterizar a superficie da Y-TZP exposta ao tratamento com plasmas de metano
(CH4) ou submetida a aplicagao de primer para ligas metalicas e ainda a associagdo de ambos
os métodos, além de avaliar o efeito do tratamento com PBT na for¢a de adesdo da Y-TZP
com dois cimentos resinosos. Um total de 235 discos de Y-TZP (8 x 2 mm) foram divididos
em 5 grupos: Co (controle, sem tratamento de superficie), Pr (primer), PBT (plasma de
metano), Pr + PBT e PBT + Pr. O efeito do tipo de tratamento na energia de superficie,
morfologia, topografia e composicdo quimica da Y-TZP foi investigado. Os discos foram
cimentados com substratos de resina composta utilizando Panavia F2.0 e Rely X U200. A
analise de for¢a de unido (n = 10) foi realizada em uma maquina de ensaio universal com
velocidade de 1mm/min, antes e depois da termociclagem (5-55°C, 2.000 ciclos) nos
espécimes cimentados. Os resultados foram analisados com ANOVA um e trés fatores e teste
de Bonferroni (o = .05). PBT alterou a energia de superficie e rugosidade dos discos de Y-

TZP. As andlises de MEV-EDS e XPS mostraram a presenca de um filme fino organico, o




qual melhorou os resultados de adesdao quando o Rely X U200 foi utilizado, sendo que o
tratamento com primer foi mais efetivo para o Panavia F2.0. A termociclagem reduziu
significativamente os resultados de adesdo dos grupos PBT e Pr + PBT cimentados com Rely
X U200 e Pr e dos grupos PBT + Pr cimentados com Panavia F2.0. O plasma de metano
melhoraram a forca de adesdo entre Rely X U200 e os discos de Y-TZP e também
demonstraram ser resistentes a hidrolise da dgua, sendo que o Panavia F2.0 demonstrou

melhores resultados quando associado ao primer.

Palavras-chave: Zirconio; Cimentos de resina; Resisténcia ao cisalhamento.
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Vechiato Filho AJ. Surface analysis and shear bond strength of zirconia on resin cements
after non-thermal plasma treatment and/or primer application for metallic alloys

[Thesis]. Aragatuba Dental School — Univ Estadual Paulista; 2016.

ABSTRACT

The desirable morphologic modifications for a proper adhesive retention with resin cements
is not obtained through the etching promoted by hydrofluoridic acid gel because of the high
crystalline content present in the composition of zirconia material. This fact leads to a
problematic and deficient adhesion between such ceramic material and resin cements. There is
no established protocol for bonding zirconia (Y-TZP) with resin cements. Non-thermal plasma (NTP)
may be an alternative for the clinical problems related to adhesion. The aim of the present study was
to characterize the surface of Y-TZP exposed to methane (CH4) NTP or coated with a layer of primer
for metal alloys and the association between the two methods and to evaluate the effect of NTP
treatment on bond strength between Y-TZP and two resin cements. A total of 235 Y-TZP discs (8 x 2
mm) were distributed into five groups: Co (no surface treatment), Pr (primer), NTP (methane plasma),
Pr + NTP and NTP + Pr. The effect of the treatment type on the surface free energy, morphology,
topography and chemical composition of the Y-TZP discs was investigated. The discs were cemented
to composite resin substrates using Panavia F2.0 or RelyX U200. Shear bond strength (n=10) analyses
were performed on a universal testing machine at a cross-head speed of 1 mm/min, before and after
thermocycling (5-55°C, 2 000 cycles) on the bonded specimens. The data were analyzed with one and
three-way ANOV As and Bonferroni tests (a = .05). NTP affected surface energy and roughness of the
Y-TZP discs. SEM-EDS and XPS analyses showed the presence of the organic thin film, which
significantly improved the bond strength results when Rely X U200 was used, whereas the primer
treatment was more effective with Panavia F2.0. Thermocycling significantly reduced the bond
strength results of the NTP and Pr + NTP groups cemented with Rely X U200 and the Pr and NTP +

Pr groups cemented with Panavia F2.0. CHy-nonthermal plasma improves the bond strength between




Rely X U200 and Y-TZP and also seems to have water-resistant behavior, whereas Panavia F2.0

showed better results when associated with primer.

Keywords: Zirconium; Resin cements; Shear strength.
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1. INTRODUCAO GERAL

Nas ultimas duas décadas, devido a crescente valorizagdo da estética, os sistemas cerdmicos
sofreram modificagdes em sua composi¢ao na tentativa de melhorar suas propriedades fisicas e
mecanicas, tornando-os mais resistentes as fraturas.'” Atualmente, a zirconia (poli cristalina com ftrio
tetragonal / Y-TZP) ¢ o material mais comum utilizado na confec¢do de subestruturas protéticas
devido a sua alta resisténcia a fratura, durabilidade quimica e excelente estética.*’

Por outro lado, o aumento do conteudo cristalino da zirconia diminuiu a quantidade de matriz
vitrea presente na composi¢do da mesma, o que torna este tipo de sistema cerdmico resistente a agao
do 4cido hidrofluoridrico (HF).*® Dessa forma, o condicionamento com HF ndo produz alteragdes
topograficas que possam promover adesdo micromecanica efetiva com cimentos resinosos. Com isso,
o protocolo estabelecido para o condicionamento de superficie de ceramicas sensiveis a agcdo desse
acido ndo se aplica a zirconia e, sabendo que o sucesso clinico do tratamento ¢ dependente também da
qualidade da cimentagio," a adesdo da zirconia com os cimentos resinosos é problematica.>"®

Como alternativas para modificar a superficie da zirconia e melhorar a adesdo da mesma aos
cimentos resinosos, existem basicamente trés tipos de tratamentos: o jateamento com particulas de
oxido de aluminio (Al,O5) revestidas ou ndo com silica,”® a deposicio de filmes finos por plasmas
de baixa temperatura™®’ e o0 uso de primers para ligas metalicas.*'®"" Contudo, estudos
demonstram que a técnica do jateamento com particulas pode causar trincas na superficie do
material e, ao longo do tempo, levar a protese a fraturar, conduzindo o tratamento reabilitador ao
insucesso.*”*11?

Os plasmas de baixa temperatura (PBT) surgiram recentemente como opcdo bastante
promissora para tratar a superficie da zirconia, pois de acordo com alguns autores possuem a
capacidade de modificar superficies inertes em quimicamente ativas sem causar danos na superficie

6,13,14
da mesma.” ™

Plasmas de baixa temperatura sdo mondmeros e/ou gases que, quando estimulados

eletricamente, formam ions altamente reativos, os quais podem produzir modifica¢cdes quimicas e/ou
. . .. . . 6.7

fisicas na superficie dos materiais melhorando a energia de superficie dos mesmos.”

Os plasmas de baixa temperatura podem ser utilizados por meio de pecas de mao, as quais

~ . 6.14 . . .
produzem plasmas em pressdo atmosférica,”” ou industrialmente, sendo os plasmas produzidos em
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condigdes de vacuo."'® Contudo, alguns fatores como a distancia da peca de mio e a superficie do
substrato podem afetar a deposi¢io de tais fons."”” Para que este parametro seja controlado, pode-se
utilizar o tratamento por plasma de baixa temperatura em equipamento industrial."’ Nesses aparelhos,
um gerador de alta frequéncia ajustado em kilohertz (kHz), megahertz (mHz) ou em microondas, ¢é
utilizado para ionizar os gases utilizados.” Esse equipamento pode ser facilmente empregado nos
laboratorios protéticos e apesar dessas vantagens, pouca atencdo tem sido dada a este tipo de

16,19,20
tratamento,

apesar do mesmo ter demonstrado ndo agredir as propriedades fisicas do material,
diminuindo o risco de fratura das pecas ceramicas.””

Em paralelo aos plasmas de baixa temperatura, outros estudos avaliam a utilizacdo dos
primers metalicos como alternativa bastante promissora para o tratamento da superficie de zirconia.
Em um estudo prévio, a forca de adesdo entre a superficie da zirconia e cimentos resinosos foi
melhorada ap6s a aplicagio de dois primers metalicos.'’ Esta correlagio tem sido demonstrada pela
afinidade quimica que o monomero 10-metacriloxietil dihidrogenofosfato (MDP), substancia presente
na composicao desse primer, possui com 6xidos metalicos como, por exemplo, o 6xido de
zirconia (Zr02).>>*!° Este mondmero ¢ encontrado tanto em primers metalicos quanto na composi¢ao
de alguns cimentos resinosos.’

Sabe-se que alguns cimentos possuem maior capacidade de unido do que outros quando se
trata de zirconia, dependendo da sua composi¢do”’ e molhabilidade.” Estudos prévios avaliaram o
desempenho de alguns cimentos resinosos que possuem MDP em sua composi¢do, e mostraram
resultados bons e duradouros de adesdo devido a presenga de um grupo éster na molécula de MDP
que possui afinidade quimica com 6xidos metalicos.® Além disso, estudos demonstram que cimentos
autoadesivos, o qual possui mondmeros éster-fosforico metacrilato, possui grande afinidade com
ceramicas de alto conteudo cristalino e, quando comparados com os cimentos com sistema de adesdo
via MDP, estes dois cimentos possuem os maiores resultados de valores de unido.

Para que sejam elaborados novos tratamentos de superficies, ¢ necessario que se realize
analises microscopicas quantitativas (rugosidade superficial) e qualitativas (microscopia eletronica de

varredura (MEV), espectroscopia de energia dispersiva (EDS) entre outros), visto que essas

avaliacdes fornecem informagdes sobre as caracteristicas estruturais dos materiais, composicdo e
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propriedades fisicas, por exemplo.”' Além disso, a modificagdo das caracteristicas superficiais das
ceramicas pode promover maior molhabilidade de superficie (energia de superficie), que € o primeiro
parametro a ser analisado para determinar protocolos de adesdo.®

Para avaliar a forca de unido entre interfaces adesivas, alguns estudos afirmam que o
envelhecimento in vitro por meio da termociclagem ¢ um fator que afetam os valores de unido, sendo
condicdo testes necessaria para se avaliar o bom desempenho das interfaces de unido, sendo
considerados parametros de envelhecimento clinicamente relevantes.>"

De maneira geral, pode-se observar que, de acordo com estudos prévios, o tratamento de
superficie com plasmas de baixa temperatura ou mesmo a utilizagdo de primers metalicos promovem

6,7,13,14

resultados de adesdo satisfatorios. Mas, até o presente momento, os autores desconhecem

estudos que tenham avaliado a associagdo dos dois métodos.



Surface analysis and shear bond strength of zirconia on resin cements after non-

thermal plasma treatment and/or primer application for metallic alloys*

* Este artigo esta formatado de acordo com as normas do periodico Materials Science

and Engineering C: Materials for Biological Applications.
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2. INTRODUCTION

In recent years, dental ceramics with a high crystalline content have been widely used as a
core material for fixed restorations because of their high fracture resistance, chemical stability and
superior aesthetic properties when compared to other low-fusing ceramic systems [1-5,22,23].
However, as the crystalline content increases, the glass phase of the ceramic composition is reduced
[4]. As a consequence, the etching effect caused by the hydrofluoric acid gel on the glass phase of
low-fusing ceramic is not obtained, and this protocol cannot be recommended for yttria-tetragonal
zirconia polycrystals (Y-TZP). Although the acid-resistant surface does not seem to be problematic
when Y-TZP cores are cemented on ideally anatomic preparations, high bond strength may be
required for milled restorations, which have with misfit of <100 um and can be considered lesser
retentive restorations [22]. Therefore, the development of any approach that could result in a stronger

adhesive interface would be useful for those clinical scenarios.

Several approaches have been investigated for enhancing the resin bond to zirconia-based
restorations [4,7-11,22]. However, some studies have indicated that some of them may create critical
flaws in the ceramic surface, leading to their catastrophic failure [4,8,10-12]. These findings may
explain the reports of clinical failures [12,24-26], in spite of the fracture strength values being well
above the stresses estimated for the posterior areas of the mouth [12]. Moreover, previous studies
have suggested that some primers containing 10-methacryloyloxydecyl dihydrogen phosphate (MDP)
showed no significant benefit compared to zirconia bonding because this surface treatment does not
create a hydrolysis-resistant interface, which results in reductions in bond strength up to 87% for

Panavia cements after 5 months of water storage [4,10].

In addition, nonthermal plasma (NTP) treatments have been considered an alternative solution
for clinical problems related to adhesion [14,27,28]. In summary, the plasma technique may improve
the adhesion by creating new reactive sites onto a substrate surface, which chemically bond to another

substrate [14,27-29]. A previous study demonstrated that thin films created by methane (CH,) plasma
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indeed reduce the contact angle and increase free surface energy of some materials used in biomedical

devices [17,19,29].

Considering that the plasma may be generated containing reactive and energetic species and
that the exposure of a material to this environment will inevitably change the properties of the
outermost layers, it is speculated that organic films deposited from methane may improve the
adhesion between zirconia and resin cements because they would be well connected to the ceramic
and possess an affinity to cement. However, to the best of the authors' knowledge, no study has
evaluated CHs—based NTP to improve the chemical bonding of Y-TZP to resin cements. Moreover,
the association of promising surface treatments has already been investigated by an in vitro
investigation, but not for MDP-based primers and plasma methods [7]. Undoubtedly, the durability of
this new interface has to be tested through artificial aging [22,30]. A thermocycling challenge in an
aqueous environment is commonly used to simulate mechanical fatigue in the wet oral environment
[19,22,31-34]. Indeed, the hydrolytic stability of the bonding may affect the clinical performance of
an indirect restoration because the humidity of the oral environment accelerates the degradation of the
adhesive interface. Therefore, thermocycling is considered to provide clinically relevant information

[19,22,31-34].

Thus, the aims of this study were: (1) to characterize the surface of Y-TZP discs with or
without CHy-nonthermal plasma or primer and the association of both based on surface energy,
surface roughness, scanning electronic microscopy (SEM), energy dispersive spectroscopy (EDS),
and X-ray dispersive spectroscopy (XPS) analyses, and (2) to evaluate the bond strength between Y-
TZP-treated surfaces and two resin cements before and after thermocycling. The null hypotheses were
that surface treatments and their combinations would not modify the surface characteristics of Y-TZP

and not affect the bond strength between this ceramic system and tested resin cements.

3. MATERIALS AND METHODS

3.1. Experimental design

The materials used in the present study are listed in Table 1.
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Table 1. Characteristics of materials used in the present study

Materials Composition Fabricant

Ceramill zi system 99% of Y,03/HFO,/Al,05/1% of other ARMANGIRRBACH
oxides

7100 composite resin Bis-GMA/TEDGMA/ zirconia/silicon 3M ESPE

Rely X U200 Vitreous powder/ silicon/ calcium 3M ESPE

(Base hydroxide/ methacrylate phosphatide

Catalyst) ester/di methacrylate/initiators.

Panavia F2.0 BPEDMA/MDP/DMA/silica/barium Kuraray America Inc.

(Paste A sulfate/dibenzoylperoxide N,N-Diethanol-

Paste B p-toluidine/silica sodiumfluoride

Oxyguard II) Polyethyleneglycol/glycerine/sodium

benzenesulfinate cont. gel 3-
Methacryloxypropil trimethoxy
silane/MDP/ethanol phosphoric acid
Alloy primer MDP, VBATDT, 98.5% acetone. Kuraray America Inc.

CH4, Oz and Ar Methane, Oxygen and Argon White Martins

*Information provided by the manufacturer: Bis-GMA: bis-phenol-A diglycidyl dimethacrylate;
TEDGMA: Triethyleneglycoldimethacrylate; BPEDMA: bisphenol-A-polyethoxy dimethacrylate;
DMA: aliphatic dimethacrylate; MDP: 10-methacryloxydecyl dihydrogen phosphate; VBATDT: 6-(4-
vinylbenzyl-n-propyl)amino-1,3,5-trizaine-2,4-dithiol.

A total of 235 discs of Y-TZP (8 mm diameter X 2 mm thickness) were cut and sintered
according to manufacturer’s instructions. The treatment applied to the Y-TZP disc surfaces were:
control (Co), alloy primer application (Pr), non-thermal plasma treatment (NTP), primer application
followed by non-thermal plasma treatment (Pr + NTP), and non-thermal plasma treatment followed
by primer application (NTP + Pr). Seven discs per group (n=7) were used for surface energy (n=3)
and surface roughness (n=3), SEM-EDS and XPS (n=1) analyses immediately after surface treatment.
Forty discs per group were used for the shear bond strength test, distributed as follows: 20 discs
cemented with MDP-based resin cement (Panavia F2.0) and 20 cemented with ester phosphoric
methacrylate-based cement (Rely X U200). Ten discs from each group were tested after the bonding
procedure, and the remaining 10 were aged by means of thermocycling before being tested for shear

bond strength. The flowchart shown in Fig. 1 schematizes the experimental procedures adopted here.
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235 Y-TZP
discs

Co Pr NTP Pr+NTP NTP+Pr
(n=27) (n=27) (n=27) (n=27) (n=27)
Surface Tests Shear Bond Strength]
(n=7/group) (n=20/group)

Surface Roughness

Surface Energy

Rely X U200 Panavia F2.0

SEM /\
EDS Baseline| |Thermocycling Baseline Thermocycling
XPS (n=10) (n=10) (n=10) (n=10)

Fig. 1. Flowchart of experimental procedure.

For the sample preparation, the Y-TZP discs were embedded in the center of cylinder cups
(SamplKups, Buehler) fabricated by using autopolymerizing acrylic resin (JET, Classico). After its
polymerization, the embedded Y-TZP discs were polished with 32-grit sandpaper. Discs were then
cleaned and degreased with a sequence of alternate ultrasonic bath [27]. The primer was applied onto
the Y-TZP surface of the Pr, Pr + NTP and NTP + Pr groups using microbrushes (Microbrush;

Microbrush International) for 60 seconds. Then, the solvent was removed with gentle air jets.
3.2. NTP treatment

The Y-TZP discs from the NTP, Pr + NTP and NTP + Pr groups were subjected to NTP
treatment. Plasma treatment was performed inside a stainless steel chamber. The system was
evacuated to a background pressure of 3.6 x 107 Torr. Before the CH, plasma depositions, argon (Ar)
gas was admitted into the chamber, and cleaning plasmas were prepared at a radiofrequency of 13.56

MHz (70 W) and applied in the sample-holder for 600 seconds under a constant work pressure of 1.67
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x 10" Torr. The depositing plasma, maintained for 1800 s, were then established by applying a
radiofrequency signal (13.56 MHz, 70 W) to the top electrode while biasing the sample holder with
negative pulses (3.12 kV, 299 Hz, 25 ps and 0.75% of duty cycle). Under these conditions, positive
ions from the plasma were attracted by the negative potential and implanted on the surface and
subsurface region of the samples placed in the biased electrode simultaneously to the film deposition
and according to the Plasma Immersion Ion Implantation and Deposition (PIIID) approach. In the first
stages of the process, ion bombardment produced a dilution of the Y-TZP surface with the film
constituents, resulting in a diluted film-substrate interface with improved adhesion, mechanical and
tribological properties. After the conclusion of the PIIID time, the CH4 flow was interrupted while
that of Ar was maintained, generating a non polymerizable ion bombardment procedure named
Plasma Immersion lon Implantation (PIII), which was maintained for 480 s. The discs were removed

from the stainless glass chamber at a temperature of 33 °C.
3.3. Surface energy and roughness

Three Y-TZP discs from each group were subjected to surface energy analysis with a
goniometer (Ramé-Hart 100-00; Ramé-Hart Instrument) using the sessile drop technique. The Owens-
Wendt-Rabel-Kaelble method was used to calculate the surface energy by measuring the contact angle
between drops of two liquids with different polarities and the Y-TZP disk [8,9,18,20]. Surface
roughness analysis was performed with a profilometer (Dektak D150; Veeco). Three discs from each
experimental group were evaluated. Four parameters of surface roughness were obtained (Ra, Rq, Rz
and Rt), following configurations of previous studies [27,29]. Then, the average was calculated in

nanometers (nm) [27,29].
3.4. SEM-EDS and XPS analyses

For SEM analysis, images were captured at 3000x and 10000x magnifications (JSM 610LA;
JEOL). Simultaneously, elemental chemical composition analysis was conducted through EDS. The
configurations used for EDS analysis followed previous studies [27,29]. The oxide layer of Y-TZP

disks was also measured by using x-ray photoelectron spectroscopy (XPS). The spectrometer
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(Vacuum Science Workshop, VSW HA100) with a hemispherical analyzer was operated in constant
transmission mode (line width of 1.6 eV for Au 4f7/2). Excitation was achieved by using Al Ka
(1486.6 eV) radiation. Measurements were conducted at a pressure less than 2 x 10 mbar. The C 1s

line at 284.6 eV was fixed for surface charging.
3.5. Shear bond strength test

For the bonding procedures, composite resin (Z100; 3M-ESPE) cylinders (5 mm in diameter
x 2.5 mm in length) were fabricated. For bonding, resin cements were manipulated according to the
manufacturer’s instructions and placed onto the bottom of the composite resin cylinders with a
syringe (Centrix; Nova DFL). Then, composite cylinders with the cement were placed onto Y-TZP
discs. Afterwards, a weight of 1000 g was applied on top of the resin disc for 40 seconds with a
custom-made device. Then, the excess cement was removed, and the discs were polymerized at 4
different locations for 60 seconds each. Afterwards, half of the specimens were immersed in 37°C
distilled water for 24 hours, and the other half were thermocycled (MSCT-3 Plus; Nucci ME) with
alternated baths (30 seconds each) in distilled water between 5°C and 55°C for 2000 cycles [29]. The
bonded disks were attached to a custom-made holder and tested with a shear bond strength test in a
universal testing machine (Instron Model 4400 Universal Testing System, Instron Corporation). A
uniaxial tensile force was applied to the adhesive interface through a razor at a constant crosshead
speed of 1 mm/min until failure of the sample. Shear bond strength results were determined in MPa

considering the area of the adhesive interface.
3.6. Analysis of bonding failure

The mode of failure between the composite resin cylinder and the Y-TZP discs was evaluated

and quantified using a stereomicroscope (SteREO Discovery V20, Carl Zeiss) at 150x magnification.
3.7. Statistical analysis

Surface energy and surface roughness data were examined by one-way analysis of variance

(ANOVA) (factor: surface treatment). Shear bond strength data were analyzed by three-way ANOVA
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(factor 1: surface treatment; factor 2: resin cement, factor 3: thermocycling). Bonferroni tests were
used to compare the mean values among the groups (« =.05) (SPSS version 20.0 — Statistical Package
for the Social Sciences, Inc.). Partial Eta Squared was used for effect size measurement. With 10
samples per group in the shear bond strength test, a large size effect was obtained: F(6.19) = 6.731, P<

.0001, I],°= .253.

4. RESULTS

Surface treatment significantly affected the surface energy of the Y-TZP discs (F=10.079,
P<.002). A significant difference of surface energy for NTP and Pr + NTP groups was observed when
compared to Pr and NTP + Pr groups. Figure 2 displays the polar and dispersive components of the

tested groups.
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Fig. 2. Main polar and dispersive components of the Co, Pr, NTP, Pr + NTP and NTP + Pr groups.

The different lower case letters represent significant differences (P<.001, Bonferroni test).

There was a reduction of the polar component for the NTP and Pr + NTP groups, whereas this

component was maintained in the Pr group. However, polar and dispersive components were slightly
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increased in the NTP + Pr group when compared to the control group. Moreover, the one-way

ANOVA for surface roughness indicated that surface treatment significantly affected the Ra

(F=55.947, P<.001), Rq (F=67.384, P<.001), Rt (F=140.430, P<.001) and Rz (F=34.580, P<.001)

parameters. The Pr group exhibited the greatest surface roughness, whereas all the other groups were

statistically similar to the control (Fig. 3).
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Fig. 3. Main surface roughness (Ra, Rq, Rt and Rz) of the Co, Pr, NTP, Pr + NTP and NTP + Pr

groups. The different lower case letters represent significant differences within each roughness

parameter (P<.001, Bonferroni test).

SEM-EDS images are displayed in Fig. 4.
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Fig. 4. Representative scanning electron microscopy images (original magnification at 3000, bar = 5
um, 3 kV, WD = 10 mm) and energy-dispersive spectroscopy analysis of the Co (A), Pr (B), NTP (C),

Pr + NTP (D) and NTP + Pr (E) groups.
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The Co group had a smooth surface with defects characteristic of the finishing provided to the
ceramic surface. This morphology was substantially changed after alloy primer application with an
increase in micrometric granular structures dispersed throughout the surface. The NTP treatment also
altered the morphology of the pristine material, with the regular matrix being replaced by a fine-
grained structure. The Pr + NTP group had an intermediary morphology that did not resemble the film
nor the primer, indicating that plasma cleaning (Ar) prior to film deposition may have affected the
overall characteristic of the primer surface. In the NTP + Pr group, the surface consistently recovered
the aspect of the Pr-containing Y-TZP. Zirconium (Zr), carbon (C) and oxygen (O) were observed in
the spectrum of all samples, whereas nitrogen (N) was detected in the Pr, NTP and NTP + Pr groups.
For the NTP treated groups, the CHy-based thin film showed no discontinuity and seemed to be

adhered to the Y-TZP surface. Fig. 5 displays the XPS spectra of tested groups.
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Fig. 5. XPS spectra of (A) Zr 3d, (B) O 1s, (C) C 1s, (D) P 2p, (E) S 2p and (F) N 1s spectra for the

experimental groups.

Only the Co and Pr groups exhibited the Zr 3d spectrum, where peaks were centered
approximately at 182 eV (Fig. 5SA). Additionally, for O 1s spectra, peaks can be observed at 530-534
eV for all groups (Fig. 5B). Binding energies at 284-285 eV were seen in the C 1s spectrum in all
groups (Fig. 5C). For the Pr group, the peak centered approximately at 134 eV may be associated with

phosphor (P) ions, whereas the peak next to 163 eV may refer to sulfur (S) ions (Fig. 5D-E). Finally,



for the N 1s spectra, a peak centered approximately at 399 eV was found for groups subjected to

tested surface treatments (Pr, NTP, Pr + NTP and NTP + Pr) (Fig. 5F).

For the shear bond strength, a three-way ANOVA revealed a significant effect of surface

treatment (P<.001), resin cement (P<.001), thermocycling (P<.001) and their interactions (P<.001)

(Table 2).

Table 2. Results of three-way analysis of variance (ANOV A) for shear bond strength

Source Sum of df Mean F

Squares Square
Surface (S) 180.361 4 45.090 13.534 .001%*
Cement (C) 46.918 1 46.918 14.082 .001%*
Thermocycling (T) 130.739 1 130.739 39.241 .001%*
SxC 127.976 4 31.994 9.603 .001%*
SxT 74.697 4 18.674 5.605 .001%*
CxT 16.771 1 16.771 5.034 .026%*
SxCxT 181.187 4 45.297 13.596 .001%*
Error 566.393 170 3.332
Total 7314.767 190
Corrected Total 1348.637 189

*P<.05 denotes statistically significant difference

Fig. 6 displays the shear bond strength results.
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Fig. 6. Mean bond strength results of the Co, Pr, NTP, Pr + NTP and NTP + Pr groups before
(baseline) and after thermocycling as a function of different resin cements. The different lower case
letters represent significant differences within the same resin cement. The different upper case letters
represent significant differences within the same surface treatment. * represents significant

differences between periods.

The best bond strength results were numerically observed in the NTP group for the Rely X
U200, regardless of testing period. For Panavia F2.0, the Pr and NTP + Pr groups showed higher bond
strength results at the baseline. The bond strength of samples cemented with Rely X U200 and treated
with NTP and Pr + NTP were significantly affected by thermocycling (P=.03). On the other hand,
samples cemented with Panavia F2.0 cement and treated with primer as their outermost surface

treatment (Pr and NTP + PR) had significant decreases in bond strength after thermocycling (P<.001).

The failure modes of all the groups are shown in Figs. 7 and 8.
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Fig. 7. Incidence of adhesive failure mode for all the samples submitted to the shear bond strength test

for Rely X U200. * represents premature failure.
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An increase in mixed failures after thermocycling was noted for the Pr + NTP and NTP + Pr
groups cemented with Rely X U200. There was an overall increase in adhesive failure for all tested
groups after thermocycling. No premature failures were observed for either tested cements at baseline.
However, 5 premature failures were observed for groups cemented with Rely X U200 and 4 for

Panavia F2.0 groups during thermocycling.

5. DISCUSSION

This study evaluated the effect of the association between a thin film created by plasma and a
primer on the bond strength between zirconia and two different resin cements. In accordance with the
results, the null hypotheses of the present study were rejected once the NTP treatment modified the
surface characteristics of Y-TZP and improved the shear bond strength of the tested ceramic to Rely

X U200 cement before and after the thermocycling challenge.

The surface energy is a direct manifestation of intermolecular forces onto a solid surface,
which is generally measured by the contact angle of two liquids with different polarities that refers to
newer molecular interactions (polar or covalent bonds), such as dipole—dipole interactions, van der
Waals forces (Keesom and Debye), hydrogen bonds, and dispersive forces of London [8,27]. The
deposition of the thin film was responsible for a significant reduction in the surface energy of NTP
and Pr + NTP groups, as well as a reduction in their polar and dispersive components when compared
to groups that had the alloy primer as the outermost surface (Pr and NTP + Pr groups) [20]. These
findings might be explained by the composition of the thin film. XPS analysis showed that the coating
created by the NTP treatment is mainly composed of a tridimensional network of C atoms (peaks
centered approximately at 284 eV/C 1s spectrum), which does not have chemical affinity to polar
components [28,29]. This hypothesis can be explained by the ionic bombing during the film
deposition. Such method provides sufficient energy to remove the H ions from C compounds, which
will interact one another and result in a network of amorphous carbons. However, the presence of
polar components is observed in all groups. For NTP and Pr + NTP groups, there is a non-intentional

incorporation o N and O atoms that can be absorbed from the residual atmosphere into the reactor due
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to unsaturated C bonds (C=C and C=C) or the reticulation of the network (pending bonds), creating a

low number of C-O, C=0, C-N, O-H interactions and a surface that has a low affinity to polar
components. Nitrogen and oxygen incorporated in Y-TZP discs of Pr and NTP +Pr groups may result
in a more hydrophilic surface because such molecules are in a higher quantity once the Alloy Primer
has MDP and VBATDT (6-(4-vinylbenzyl-n-propyl)amino-1,3,5-trizaine-2,4-dithiol) molecules in its
composition [8]. The incorporation of nitrogen and oxygen to the discs from Pr, NTP, Pr + NTP and
NTP + Pr groups is verified by the component centered next to 288 eV that can result from the
overlapping nitrogen bonded to sp> hybridized carbon and peaks at 530-534 eV, respectively. Besides,
peaks can be observed at 530-534 eV for all groups that probably correspond to Zr-O bonds and O
ions bonded to Al™ ions to form Al,O3, which can also be attributed to molecules derived from the Y-
TZP native layer. Finally, the Zr 3d spectrum showed peaks that were related to Zr-O bonds in ZrO,
and, interestingly, the XPS spectra did not show such binding energies for any groups subjected to

NTP treatment, suggesting that the thin film completely covered the Zr surface.

In addition, the SEM images demonstrated that the NTP treatment applied in the present study
showed no topographical alterations to the Y-TZP surface. As reported in a previous study [29], thin
films created from CH,4fragmented molecules were deposited at low temperatures [36]. SEM images
revealed that NTP treatment did not induce critical defects (Fig. 4). Moreover, no relevant alterations
were observed with regard to the surface roughness in the NTP groups compared to the other tested
groups, except for the Pr group, in which a layer was created after primer drying. Therefore, misfit of
NTP-treated Y-TZP-based restorations would not be observed in a clinical scenario. Thus, it can be
assumed that this experimental treatment would be feasible for dental offices because it would not

induce subcritical crack growth of the Y-TZP surface.

The bond strength results can be summarized in two main observations: (1) the thin film
deposition had a positive effect on bond strength results when Rely X U200 cement was used, and (2)
the alloy primer was more effective with Panavia F2.0. These findings suggest that there is a poor
chemical affinity between thin films from Alloy Primer and Panavia F2.0, which might explain why

the artificial aging affected the NTP groups more for this cement than the same groups cemented with
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Rely X U200. XPS and EDS images showed that the thin film is composed of C-C, C-O and C-N
bonds. It is possible that the inner surface of the thin film, which was in contact with the ceramic
material, was composed mainly of C-O bonds, whereas its external surface (closer to the resin
cement) had mostly C-C bonds. As a consequence, the effective bond between the acidic groups
(phosphoric acid) from MDP did not occur because such molecules might have greater preference for
oxides (ZrO) than C-C chains [4,10]. However, when an alloy primer was applied, MDP from Panavia
F2.0 could bond to thiol groups (-SH) from the VBATDT monomer [4,10]. Some studies have
reported the presence of carbon (C) and sulfur (S) over the Y-TZP surface after alloy primer

application, which may explain this hypothesis [4,10].

This might also explain the better bond strength results of the NTP + Pr group when
compared to the NTP group cemented with Panavia F2.0 once the thin film was under the primer
layer. Therefore, it did not mask the effect of the outermost surface treatment. This works differently
with the Rely X U200. Several studies reported that the ester phosphoric methacrylate from Rely X
U200 had chemical affinity for the C-C bonds, which interacted directly with the C-C bonds of the
thin film through secondary chemical interactions [27,29], resulting in an initially high bond strength
that was also maintained after aging. Additionally, the presence of N elements is most likely due to
the adsorption from the residual atmosphere [29,35,36]. Moreover, differences in chemical affinity
might also explain the degradation of the bond at the cement/ceramic interface, which was

demonstrated by the incidence of adhesive failures at both periods (Figs. 7 and 8).

With regard to the artificial aging, few significant differences were observed. Surprisingly, the
best surface treatments for each tested cement (NTP for Rely X U200 and Pr for Panavia F2.0) and
the two groups with combined treatments (Pr + NTP with Rely X U200 and NTP + Pr with Panavia
F2.0) were significantly affected by thermocycling. However, the NTP group with Rely X U200
showed the highest bond strength results when compared to all tested groups after aging.
Thermocycling is an approach used in several in vitro studies to evaluate the hydrolytic degradation of
the resin-ceramic bond [19,22,30-34]. Thus, the results presented by CH,thin film-treated surfaces

indicate that this treatment has great potential to fulfill the need for a standard treatment for the inner
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surface of Y-TZP restorations because it induced no surface modification (damage) and seems to be

chemically stable overtime.

Similar to other studies [3,22,23], this research used shear bond strength as the test method to
evaluate the adhesion between zirconia and other materials because zirconia is a strong material, and
it is extremely difficult to be sectioned. However, questions about the shear bond strength test have
been raised because traditional shear protocols may underestimate shear stresses occurring in the
clinical scenario, and stress distribution within the adherence zone was not uniform, which may result
in significant variation in the mode of failure [22]. Fortunately, this approach provided the advantage
of not failing cohesively when submitted to shear forces[3,37], which means that the values obtained
represent the true bond strength between the adherent surfaces. Furthermore, it has also been
demonstrated that microtensile and shear bond strength methods produce similar results when testing
ceramics with a high crystalline content [3,37]. Other points to be considered in future studies would
be the use of longer, and perhaps more clinically similar, aging protocols, such as a chewing
simulation and the evaluation of the treatment efficacy when zirconia is bonded with other resin

cements [22].

6. CONCLUSION

Within the limitations of this study, it was possible to conclude that: (1) thin films created
from CH,fragmented molecules could be successfully deposited on a Y-TZP surface, (2) such films
increase the resin bond strength of Y-TZP to Rely X U200 cement, and (3) the adhesive interface has
water-resistant behavior. In contrast, Panavia F2.0 showed better results when associated with primer

as its outermost layer.



51

7. REFERENCIAS

1. Attia A, Kern M. Long-term resin bonding to zirconia ceramic with a new universal primer. J.

Prosthet. Dent. 106 (2011) 319-327.

2. Lehmann F, Kern M. Durability of resin bonding to zirconia ceramic using different primers. J.

Adhes. Dent. 11 (2009) 479-483.

3. Magne P, Paranhos MP, Burnett LH Jr. New zirconia primer improves bond strength of resin-based

cements. Dent. Mater. 26 (2010) 345-352.

4. Dias de Souza GM, Thompson VP, Braga RR. Effect of metal primers on microtensile bond

strength between zirconia and resin cements. J. Prosthet. Dent. 105 (2011) 296-303.

5. Kitayama S, Nikaido T, Takashashi R, Zhu L, Ikeda M, Foxton RM, Sadr A, Tagami J. Effect of

primer treatment on bonding of resin cements to zirconia ceramic. Dent. Mater. 26 (2010) 426-432.

6. Amaral R, Ozcan M, Valandro LF, Balducci I, Bottino MA. Effect of conditioning methods on the
microtensile bond strength of phosphate monomer-based cement on zirconia ceramic in dry and aged

conditions. J. Biomed. Mater. Res. B. Appl. Biomater. 85 (2008) 1-9.

7. Valverde GB, Coelho PG, Janal MN, Lorenzoni FC, Carvalho RM, Thompson VP, Weltemann
KD, Silva NR. Surface characterisation and bonding of Y-TZP following non- thermal plasma

treatment. J. Dent. 41 (2013) 51-59.

8. Silva NR, Coelho PG, Valverde GB, Becker K, Thrke R, Quade A, Thompson VP. Surface
characterization of Ti and Y-TZP following non-thermal plasma exposure. J. Biomed. Mater. Res. B.

Appl. Biomater. 99 (2011) 199-206.

9. Thompson JY, Stoner BR, Piascik JR, Smith R. Adhesion/cementation to zirconia and other non-

silicate ceramics: where are we now? Dent. Mater. 27 (2011) 71-82.



52

10. de Souza GM, Silva NR, Paulillo LA, De Goes MF, Rekow ED, Thompson VP. Bond strength to
high-crystalline content zirconia after different surface treatments. J. Biomed. Mater. Res. B. Appl.

Biomater. 93 (2010) 318-323.

11. Kern M, Barloi A, Yang B. Surface conditioning influences zirconia ceramic bonding. J. Dent.

Res. 88 (2009) 817-822.

12. Borba M, Cesar PF, Griggs JA, Della Bona A. Step-stress analysis for predicting dental ceramic

reliability. Dent. Mater. 29 (2013) 913-918.

13. Derand T, Molin M, Kvam K. Bond strength of composite luting cement to zirconia ceramic

surfaces. Dent. Mater. 21 (2005) 1158-1162.

14. Han GJ, Chunq SN, Chun BH, Kim CK, Oh KH, Cho BH. Effect of the applied power of
atmospheric pressure plasma on the adhesion of composite resin to dental ceramic. J. Adhes. Dent. 14

(2012) 461-469.

15. Razavi RS. Materials science - Recent researchs in corrosion evaluation and protection. Ist ed.

Rijeka: InTech; 2012. p. 91-116.

16. Hayakawa T, Yoshinari M, Nemoto K. Characterization and protein-adsorption behavior of
deposited organic thin film onto titanium by plasma polymerization with hexamethyldisiloxane.

Biomaterials. 25 (2004) 119-127.

17. Radeva E, Pramatarova L, Pecheva E, Hikov T, Iacob E, Vanzetti L, Dimitrovac R, Krastevad N,
Spassove T, Fingarova D. Study of organosilicon plasma polymer used in composite layers with

biomedical application. AIP Conf. Proc. 21 (2010) 949-954.

18. Krasteva NA, Toromanov G, Hristova KT, Radeva EI, Pecheva EV, Dimitrova RP. Initial
biocompatibility of plasma polymerized hexamethyldisiloxane films with different wettability. J Phys:

Conference Series. 253 (2010) 012079.



53

19. Zamperini CA, Carneiro H de L, Rangel EC, Cruz NC, Vergani CE, Machado AL. In vitro
adhesion of Candida glabrata to denture base acrylic resin modified by glow-discharge plasma

treatment. Mycoses. 56 (2013) 134-144.

20. Cavalcanti AN, Foxton RM, Watson TF, Oliveira MT, Giannini M, Marchi GM. Bond strength of

resin cements to a zirconia ceramic with different surface treatments. Oper. Dent. 34 (2009) 280-287.

21. Della Bona A, Donassollo TA, Demarco FF, Barrett AA, Mecholsky JJ Jr. Characterization and
surface treatment effects on topography of a glass-infiltrated alumina/zirconia-reinforced ceramic.

Dent. Mater. 23 (2007) 769-775.

22. Qeblawi DM, Campillo-Funollet M, Muiioz CA. In vitro shear bond strength of two self-adhesive

resin cements to zirconia. J. Prosthet. Dent. 113 (2015) 122-127.

23. Sciasci P, Abi-Rached FO, Adabo GL, Baldissara P, Fonseca RG. Effect of surface treatments on

the shear bond strength of luting cements to Y-TZP ceramic. J. Prosthet. Dent. 113 (2015) 212-219.

24. Scherrer SS, Quinn GD, Quinn JB. Fractographic failure analysis of a Procera AllCeram crown

using stereo and scanning electron microscopy. Dent. Mater. 24 (2008) 1107-1113.

25. Taskonak B, Yan J, Mecholsky JJ Jr, Sertg6z A, Kogak A. Fractographic analyses of zirconia-

based fixed partial dentures. Dent. Mater. 24 (2008) 1077-1082.

26. Scherrer SS, Quinn JB, Quinn GD, Kelly JR. Failure analysis of ceramic clinical cases using

qualitative fractography. Int. J. Prosthodont. 19 (2006) 185-192.

27. Vechiato Filho AJ, dos Santos DM, Goiato MC, de Medeiros RA, Moreno A, Bonatto L da R,
Rangel EC. Surface characterization of lithium disilicate ceramic after nonthermal plasma treatment.

J. Prosthet. Dent. 112 (2014) 1156-1163.

28. Cruz NC, Rangel EC, Gadioli GZ, Mota RP, Honda RY, Algatti MA, Schreiner WH. The
Influence of plasma composition on the properties of plasma treated biomaterials. MRS Proceedings.

672 (2001) 03.35 doi:10.1557/PROC-672-03.35.



54

29. Vechiato-Filho AJ, da Silva Vieira Marques I, Dos Santos DM, Matos AO, Rangel EC, da Cruz
NC, Bardo VA. Effect of nonthermal plasma treatment on surface chemistry of commercially-pure
titanium and shear bond strength to autopolymerizing acrylic resin. Mater. Sci. Eng. C Mater. Biol.

Appl. 60 (2016) 37-44.

30. Ehlers V, Kampf G, Stender E, Willershausen B, Ernst CP. Effect of thermocycling with or
without 1 year of water storage on retentive strengths of luting cements for zirconia crowns. J.

Prosthet. Dent. 113 (2015) 609-615.

31. Phark JH, Duarte S Jr, Blatz M, Sadan A. An in vitro evaluation of the long- term resin bond to a
new densely sintered high-purity zirconium-oxide ceramic surface. J. Prosthet. Dent. 101 (2009) 29-

38.

32. Kern M, Wegner SM. Bonding to zirconia ceramic: adhesion methods and their durability. Dent.

Mater. 14 (1998) 64-71.

33. Blatz MB, Sadan A, Martin J, Lang B. In vitro evaluation of shear bond strengths of resin to
densely-sintered high-purity zirconium-oxide ceramic after long-term storage and thermal cycling. J.

Prosthet. Dent. 91 (2004) 356-362.

34. Wolfart M, Lehmann F, Wolfart S, Kern M. Durability of the resin bond strength to zirconia

ceramic after using different surface conditioning methods. Dent. Mater. 23 (2007) 45-50.

35. Pihan SA, Tsukruk T, Foérch R. Plasma polymerized hexamethyl disiloxane in adhesion

applications. Surf. Coat. Technol. 203 (2009) 1856-1862.

36. Ye X, Wang L, Tse ZT, Tang G, Song G. Effects of high-energy electro-pulsing treatment on
microstructure, mechanical properties and corrosion behavior of Ti-6Al-4V alloy. Mater. Sci. Eng. C

Mater. Biol. Appl. 49 (2015) 851-860.



55

37. Valandro LF, Ozcan M, Amaral R, Vanderlei A, Bottino MA. Effect of testing methods on the
bond strength of resin to zirconia-alumina ceramic: microtensile versus shear test. Dent. Mater. J. 27

(2008) 849-855.



Anexo

56



57

8. ANEXO A

Materials Science and Engineering C: Biomimetic and Supramolecular Systems is an
international and interdisciplinary journal which reports on scientific and technical
contributions dealing with all aspects of conceiving, designing, constructing and testing man-
made materials, structures, devices and systems which replicate or are based on biological

entities and processes. These include, but are not limited to:
Materials and Structures

Sensors and Information Processes

Dynamics and Control Systems.

Types of paper

* Original research work not already published
* Plenary lectures and/or individual papers given at conferences
* Reviews of specialized topics within the scope of the journal

* Letters intended for rapid publications
Submission checklist

You can use this list to carry out a final check of your submission before you send it to the
journal for review. Please check the relevant section in this Guide for Authors for more

details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

« All figures (include relevant captions)



58

+ All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided

* Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

 All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including

the Internet)

* Relevant declarations of interest have been made

* Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements
For further information, visit our Support Center.

Ethics in publishing

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

publication.

"Public trust in the peer review process and the credibility of published articles depend in part
on how well conflict of interest is handled during writing, peer review, and editorial decision
making. Conflict of interest exists when an author (or the author's institution), reviewer, or
editor has financial or personal relationships that inappropriately influence (bias) his or her
actions (such relationships are also known as dual commitments, competing interests, or
competing loyalties). These relationships vary from those with negligible potential to those
with great potential to influence judgment, and not all relationships represent true conflict of
interest. The potential for conflict of interest can exist whether or not an individual believes

that the relationship affects his or her scientific judgment. Financial relationships (such as



59

employment, consultancies, stock ownership, honoraria, paid expert testimony) are the most
easily identifiable conflicts of interest and the most likely to undermine the credibility of the
journal, the authors, and of science itself. However, conflicts can occur for other reasons,

such as personal relationships, academic competition, and intellectual passion." *

"Patients have a right to privacy that should not be infringed without informed consent.
Identifying information, including patients' names, initials, or hospital numbers, should not be
published in written descriptions, photographs, and pedigrees unless the information is
essential for scientific purposes and the patient (or parent or guardian) gives written informed
consent for publication. Informed consent for this purpose requires that a patient who is
identifiable be shown the manuscript to be published. Authors should identify Individuals

who provide writing assistance and disclose the funding source for this assistance."*

Identifying details should be omitted if they are not essential. Complete anonymity is difficult
to achieve, however, and informed consent should be obtained if there is any doubt. For
example, masking the eye region in photographs of patients is inadequate protection of
anonymity. If identifying characteristics are altered to protect anonymity, such as in genetic
pedigrees, authors should provide assurance that alterations do not distort scientific meaning
and editors should so note. The requirement for informed consent should be included in the

journal's instructions for authors." **

"When informed consent has been obtained it should be indicated in the published article."

skeksk

"When reporting experiments on human subjects, authors should indicate whether the
procedures followed were in accordance with the ethical standards of the responsible
committee on human experimentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2000 (5). If doubt exists whether the research was
conducted in accordance with the Helsinki Declaration, the authors must explain the rationale
for their approach, and demonstrate that the institutional review body explicitly approved the
doubtful aspects of the study. When reporting experiments on animals, authors should be
asked to indicate whether the institutional and national guide for the care and use of

laboratory animals was followed." *

* International Committee of Medical Journal Editors ("Uniform Requirements for

Manuscripts Submitted to Biomedical Journals") -- February 2006



60

** International Committee of Medical Journal Editors ("Uniform Requirements for

Manuscripts Submitted to Biomedical Journals") -- February 2006

*#% Daniel D. Federman, Kathi E. Hanna, and Laura Lyman Rodriguez, Editors, Committee
on Assessing the System for Protecting Human Research Participants, in: Responsible
Research: A Systems Approach to Protecting Research Participants, The National Academies
Press, 2002

Declaration of interest

All authors are requested to disclose any actual or potential conflict of interest including any
financial, personal or other relationships with other people or organizations within three years
of beginning the submitted work that could inappropriately influence, or be perceived to

influence, their work. More information.
Submission declaration

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or as an
electronic preprint, see 'Multiple, redundant or concurrent publication' section of our ethics
policy for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published
elsewhere including electronically in the same form, in English or in any other language,

without the written consent of the copyright-holder.
Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting
their manuscript and provide the definitive list of authors at the time of the original
submission. Any addition, deletion or rearrangement of author names in the authorship list
should be made only before the manuscript has been accepted and only if approved by the
journal Editor. To request such a change, the Editor must receive the following from the
corresponding author: (a) the reason for the change in author list and (b) written confirmation
(e-mail, letter) from all authors that they agree with the addition, removal or rearrangement.
In the case of addition or removal of authors, this includes confirmation from the author

being added or removed.



61

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor considers
the request, publication of the manuscript will be suspended. If the manuscript has already
been published in an online issue, any requests approved by the Editor will result in a

corrigendum.
Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your
article is more suitable in one of our other participating journals, then you may be asked to
consider transferring the article to one of those. If you agree, your article will be transferred
automatically on your behalf with no need to reformat. Please note that your article will be

reviewed again by the new journal. More information.
Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding
author confirming receipt of the manuscript together with a 'Journal Publishing Agreement'

form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts
for internal circulation within their institutions. Permission of the Publisher is required for
resale or distribution outside the institution and for all other derivative works, including
compilations and translations. If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright owners and credit the source(s)

in the article. Elsevier has preprinted forms for use by authors in these cases.

For open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of open access

articles is determined by the author's choice of user license.
Author rights

As an author you (or your employer or institution) have certain rights to reuse your work.

More information.

Elsevier supports responsible sharing



62

Find out how you can share your research published in Elsevier journals.
Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in
study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such

involvement then this should be stated.
Funding body agreements and policies

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

online.

Open access

This journal offers authors a choice in publishing their research:

Open access

* Articles are freely available to both subscribers and the wider public with permitted reuse.

* An open access publication fee is payable by authors or on their behalf, e.g. by their

research funder or institution.
Subscription

* Articles are made available to subscribers as well as developing countries and patient

groups through our universal access programs.
* No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer

review criteria and acceptance standards.

For open access articles, permitted third party (re)use is defined by the following Creative

Commons user licenses:



63

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised
versions, adaptations or derivative works of or from an article (such as a translation), include
in a collective work (such as an anthology), text or data mine the article, even for commercial
purposes, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, and do not modify the article in such a way as to damage the author's

honor or reputation.
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided they

do not alter or modify the article.

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more

about Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.
Green open access

Authors can share their research in a variety of different ways and Elsevier has a number of
green open access options available. We recommend authors see our green open access page
for further information. Authors can also self-archive their manuscripts immediately and
enable public access from their institution's repository after an embargo period. This is the
version that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and in editor-author
communications. Embargo period: For subscription articles, an appropriate amount of time is
needed for journals to deliver value to subscribing customers before an article becomes freely
available to the public. This is the embargo period and it begins from the date the article is

formally published online in its final and fully citable form.
This journal has an embargo period of 24 months.
Elsevier Publishing Campus

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform
offering free lectures, interactive training and professional advice to support you in

publishing your research. The College of Skills training offers modules on how to prepare,



64

write and structure your article and explains how editors will look at your paper when it is
submitted for publication. Use these resources, and more, to ensure that your submission will

be the best that you can make it.
Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing to
eliminate possible grammatical or spelling errors and to conform to correct scientific English

may wish to use the English Language Editing service available from Elsevier's WebShop.
Submission

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system converts your article files to a single PDF
file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required to
typeset your article for final publication. All correspondence, including notification of the

Editor's decision and requests for revision, is sent by e-mail.

Submit your article

Please submit your article via https://www.evise.com/evise/jrnl/MSEC
Referees

Please submit the names and institutional e-mail addresses of several potential referees. For
more details, visit our Support site. Note that the editor retains the sole right to decide

whether or not the suggested reviewers are used.
NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through
the creation and uploading of your files. The system automatically converts your files to a

single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a
single file to be used in the refereeing process. This can be a PDF file or a Word document, in
any format or lay-out that can be used by referees to evaluate your manuscript. It should

contain high enough quality figures for refereeing. If you prefer to do so, you may still



65

provide all or some of the source files at the initial submission. Please note that individual

figure files larger than 10 MB must be uploaded separately.
References

There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the pagination must be present. Use of DOI is highly encouraged. The reference
style used by the journal will be applied to the accepted article by Elsevier at the proof stage.
Note that missing data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential
elements needed to convey your manuscript, for example Abstract, Keywords, Introduction,

Materials and Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be

included in your 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 included in the single file are placed next to the

relevant text in the manuscript, rather than at the bottom or the top of the file.
REVISED SUBMISSIONS
Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with
an editable file of the entire article. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. The electronic text
should be prepared in a way very similar to that of conventional manuscripts (see also the

Guide to Publishing with Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-

check' functions of your word processor.
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Article structure
Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to 'the
text'. Any subsection may be given a brief heading. Each heading should appear on its own

separate line.
Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed

literature survey or a summary of the results.
Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published

should be indicated by a reference: only relevant modifications should be described.
Experimental

Provide sufficient detail to allow the work to be reproduced. Methods already published

should be indicated by a reference: only relevant modifications should be described.
Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with
in the Introduction and lay the foundation for further work. In 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 results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion

of published literature.
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Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which

may stand alone or form a subsection of a Discussion or Results and Discussion section.
Appendices

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

Vitae

Include in the manuscript a short (maximum 100 words) biography of each author, along with

a passport-type photograph accompanying the other figures.
Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval systems.

Avoid abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. Present the authors'
affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower-case superscript letter immediately after the author's name and in
front of the appropriate address. Provide the full postal address of each affiliation, including

the country name and, if available, the e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that the e-mail address is given and

that contact details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be

indicated as a footnote to that author's name. The address at which the author actually did the
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work must be retained as the main, affiliation address. Superscript Arabic numerals are used

for such footnotes.
Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References
should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or
uncommon abbreviations should be avoided, but if essential they must be defined at their first

mention in the abstract itself.
Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to
the online article. The graphical abstract should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership. Graphical
abstracts should be submitted as a separate file in the online submission system. Image size:
Please provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally
more. The image should be readable at a size of 5 x 13 cm using a regular screen resolution
of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example

Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration

Service.
Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points
that convey the core findings of the article and should be submitted in a separate editable file
in the online submission system. Please use 'Highlights' in the file name and include 3 to 5
bullet points (maximum 85 characters, including spaces, per bullet point). You can view

example Highlights on our information site.

Keywords
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Immediately after the abstract, provide a maximum of 6 keywords, using British spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be
sparing with abbreviations: only abbreviations firmly established in the field may be eligible.

These keywords will be used for indexing purposes.
Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
their first mention there, as well as in the footnote. Ensure consistency of abbreviations

throughout the article.
Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise.
List here those individuals who provided help during the research (e.g., providing language

help, writing assistance or proof reading the article, etc.).
Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyyl; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the

United States Institutes of Peace [grant number aaaal].

It is not necessary to include detailed descriptions on the program or type of grants and
awards. When funding is from a block grant or other resources available to a university,
college, or other research institution, submit the name of the institute or organization that

provided the funding.
If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Math formulae
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Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for
small fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers
of e are often more conveniently denoted by exp. Number consecutively any equations that

have to be displayed separately from the text (if referred to explicitly in the text).
Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many
word processors build footnotes into the text, and this feature may be used. Should this not be
the case, indicate the position of footnotes in the text and present the footnotes themselves

separately at the end of the article.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and tables

within a single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate

source files.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.

Formats
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Regardless of the application used, when your electronic artwork is finalized, please 'save as'
or convert the images to one of the following formats (note the resolution requirements for

line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300
dpi.

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

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of

500 dpi is required.
Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution

is too low.

* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.
Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that
these figures will appear in color online (e.g., ScienceDirect and other sites) regardless of
whether or not these illustrations are reproduced in color in the printed version. For color
reproduction in print, you will receive information regarding the costs from Elsevier after
receipt of your accepted article. Please indicate your preference for color: in print or online

only. Further information on the preparation of electronic artwork.
Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the
figure itself) and a description of the illustration. Keep text in the illustrations themselves to a

minimum but explain all symbols and abbreviations used.
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Text graphics

Text graphics may be embedded in the text at the appropriate position. See further under

Electronic artwork.
Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body.
Be sparing in the use of tables and ensure that the data presented in them do not duplicate

results described elsewhere in the article. Please avoid using vertical rules.
References
Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results
and personal communications are not recommended in the reference list, but may be
mentioned in the text. If these references are included in the reference list they should follow
the standard reference style of the journal and should include a substitution of the publication
date with either 'Unpublished results' or 'Personal communication'. Citation of a reference as

'in press' implies that the item has been accepted for publication.
Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after the

reference list) under a different heading if desired, or can be included in the reference list.
References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any

citations in the text) to other articles in the same Special Issue.

Reference management software
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Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation
Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word
processor plug-ins from these products, authors only need to select the appropriate journal
template when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for this journal,

please follow the format of the sample references and citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking

the following link:
http://open.mendeley.com/use-citation-style/materials-science-and-engineering-c

When preparing your manuscript, you will then be able to select this style using the

Mendeley plug-ins for Microsoft Word or LibreOffice.
Reference formatting

There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the pagination must be present. Use of DOI is highly encouraged. The reference
style used by the journal will be applied to the accepted article by Elsevier at the proof stage.
Note that missing data will be highlighted at proof stage for the author to correct. If you do
wish to format the references yourself they should be arranged according to the following

examples:
Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual

authors can be referred to, but the reference number(s) must always be given.
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ....'

List: Number the references (numbers in square brackets) in the list in the order in which they

appear in the text.

Examples:



74

Reference to a journal publication:

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

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

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S.
Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York,
2009, pp. 281-304.

Reference to a website:

[4] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003 (accessed

13.03.03).

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations.
Video

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include links to these within the body of the article.
This can be done in the same way as a figure or table by referring to the video or animation
content and noting in the body text where it should be placed. All submitted files should be
properly labeled so that they directly relate to the video file's content. In order to ensure that
your video or animation material is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 150 MB. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier
Web products, including ScienceDirect. Please supply 'stills' with your files: you can choose
any frame from the video or animation or make a separate image. These will be used instead

of standard icons and will personalize the link to your video data. For more detailed
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instructions please visit our video instruction pages. Note: since video and animation cannot
be embedded in the print version of the journal, please provide text for both the electronic

and the print version for the portions of the article that refer to this content.
Supplementary material

Supplementary material can support and enhance your scientific research. Supplementary
files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Please note that such items are
published online exactly as they are submitted; there is no typesetting involved
(supplementary data supplied as an Excel file or as a PowerPoint slide will appear as such
online). Please submit the material together with the article and supply a concise and
descriptive caption for each file. If you wish to make any changes to supplementary data
during any stage of the process, then please make sure to provide an updated file, and do not
annotate any corrections on a previous version. Please also make sure to switch off the "Track
Changes' option in any Microsoft Office files as these will appear in the published

supplementary file(s). For more detailed instructions please visit our artwork instruction

pages.
RESEARCH DATA

This journal encourages and supports you to share data that underpins your research
publication where appropriate, and enables you to interlink the data with your published
articles. Research data refers to the results of observations or experimentation that are
necessary to validate research findings. To facilitate reproducibility and data reuse, this
journal also encourages you to share your software, code, models, algorithms, protocols,
methods and other useful materials related to the project. Below are a number of ways in
which you can associate data with your article or make a statement about the availability of
your data when submitting your manuscript. For more information on depositing, sharing and

using research data and other relevant research materials, visit the research data page.
Data in Brief

Authors have the option of converting any or all parts of their supplementary or additional
raw data into one or multiple Data in Brief articles, a new kind of article that houses and
describes their data. Data in Brief articles ensure that your data, which is normally buried in

supplementary material, is actively reviewed, curated, formatted, indexed, given a DOI and
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publicly available to all upon publication. Authors are encouraged to submit their Data in
Brief article as an additional item directly alongside the revised version of their manuscript. If
your research article is accepted, your Data in Brief article will automatically be transferred
over to Data in Brief where it will be editorially reviewed and published in the new, open
access journal, Data in Brief. Please note an open access fee is payable for publication in
Data in Brief. Full details can be found on the Data in Brief website. Please use this template

to write your Data in Brief.

This journal supports Mendeley Data, enabling you to deposit any research data and materials
(including raw and processed data, video, code, software, algorithms, protocols, and
methods) associated with your manuscript in a free-to-use, open access repository. During the
submission process, after uploading your manuscript, you will have the opportunity to upload
your relevant datasets directly to Mendeley Data. The datasets will be listed and directly

accessible to readers next to your published article online.
For more information, visit the Mendeley Data for journals page.
Open data

This journal supports Open data, enabling authors to submit any raw (unprocessed) research
data with their article for open access publication under the CC BY license. More

information.
Database linking

Elsevier encourages authors to connect articles with external databases, giving readers access
to relevant databases that help to build a better understanding of the described research.
Please refer to relevant database identifiers using the following format in your article:
Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). More information
and a full list of supported databases.

You have the option of converting any or all parts of your supplementary or additional raw
data into one or multiple Data in Brief articles, a new kind of article that houses and describes
your data. Data in Brief articles ensure that your data is actively reviewed, curated, formatted,
indexed, given a DOI and publicly available to all upon publication. You are encouraged to
submit your Data in Brief article as an additional item directly alongside the revised version

of your manuscript. If your research article is accepted, your Data in Brief article will
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automatically be transferred over to Data in Brief where it will be editorially reviewed and
published in the open access data journal, Data in Brief. Please note an open access fee is
payable for publication in Data in Brief. Full details can be found on the

http://www.journals.elsevier.com/data-in-briefData in Brief website.. Please use AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published
article. AudioSlides are brief, webinar-style presentations that are shown next to the online
article on ScienceDirect. This gives authors the opportunity to summarize their research in
their own words and to help readers understand what the paper is about. More information
and examples are available. Authors of this journal will automatically receive an invitation e-

mail to create an AudioSlides presentation after acceptance of their paper.
Interactive plots

This journal enables you to show an Interactive Plot with your article by simply submitting a

data file. Full instructions.
Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word:
in addition to editing text, you can also comment on figures/tables and answer questions from
the Copy Editor. Web-based proofing provides a faster and less error-prone process by
allowing you to directly type your corrections, eliminating the potential introduction of

CITOorS.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative

methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please
use this proof only for checking the typesetting, editing, completeness and correctness of the
text, tables and figures. Significant changes to the article as accepted for publication will only
be considered at this stage with permission from the Editor. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before replying,
as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your

responsibility.
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Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days
free access to the final published version of the article on ScienceDirect. The Share Link can
be used for sharing the article via any communication channel, including email and social
media. For an extra charge, paper offprints can be ordered via the offprint order form which
is sent once the article is accepted for publication. Both corresponding and co-authors may
order offprints at any time via Elsevier's Webshop. Corresponding authors who have
published their article open access do not receive a Share Link as their final published version
of the article is available open access on ScienceDirect and can be shared through the article

DOI link.

Visit the Elsevier Support Center to find the answers you need. Here you will find everything

from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out
http://service.elsevier.com/app/answers/detail/a_id/5981/kw/5981/p/13783/supporthub/publis

hing">when your accepted article will be published.
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8. ANEXO B
RightsLink Printable License
INTRODUCTION

1. The publisher for this copyrighted material is Elsevier. By clicking "accept" in connection
with completing this licensing transaction, you agree that the following terms and conditions
apply to this transaction (along with the Billing and Payment terms and conditions
established by Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your

Rightslink account and that are available at any time at http://myaccount.copyright.com).
GENERAL TERMS

2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to

the terms and conditions indicated.

3. Acknowledgement: If any part of the material to be used (for example, figures) has
appeared in our publication with credit or acknowledgement to another source, permission
must also be sought from that source. If such permission is not obtained then that material
may not be included in your publication/copies. Suitable acknowledgement to the source
must be made, either as a footnote or in a reference list at the end of your publication, as

follows:

"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of
chapter, Pages No., Copyright (Year), with permission from Elsevier [OR APPLICABLE
SOCIETY COPYRIGHT OWNER]." Also Lancet special credit - "Reprinted from The
Lancet, Vol. number, Author(s), Title of article, Pages No., Copyright (Year), with

permission from Elsevier."

4. Reproduction of this material is confined to the purpose and/or media for which permission

is hereby given.

5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be
altered/adapted minimally to serve your work. Any other abbreviations, additions, deletions
and/or any other alterations shall be made only with prior written authorization of Elsevier
Ltd. (Please contact Elsevier at permissions@elsevier.com). No modifications can be made to

any Lancet figures/tables and they must be reproduced in full.
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6. If the permission fee for the requested use of our material is waived in this instance, please

be advised that your future requests for Elsevier materials may attract a fee.

7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment

terms and conditions.

8. License Contingent Upon Payment: While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
transaction, provided that you have disclosed complete and accurate details of your proposed
use, no license is finally effective unless and until full payment is received from you (either
by publisher or by CCC) as provided in CCC's Billing and Payment terms and conditions. If
full payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted. Further, in the event that
you breach any of these terms and conditions or any of CCC's Billing and Payment terms and
conditions, the license is automatically revoked and shall be void as if never granted. Use of
materials as described in a revoked license, as well as any use of the materials beyond the
scope of an unrevoked license, may constitute copyright infringement and publisher reserves

the right to take any and all action to protect its copyright in the materials.

9. Warranties: Publisher makes no representations or warranties with respect to the licensed

material.

10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors, employees and agents, from and against any and all claims
arising out of your use of the licensed material other than as specifically authorized pursuant

to this license.

11. No Transfer of License: This license is personal to you and may not be sublicensed,

assigned, or transferred by you to any other person without publisher's written permission.

12. No Amendment Except in Writing: This license may not be amended except in a writing

signed by both parties (or, in the case of publisher, by CCC on publisher's behalf).

13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any

purchase order, acknowledgment, check endorsement or other writing prepared by you,
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which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions. These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement between
you and publisher (and CCC) concerning this licensing transaction. In the event of any
conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions

shall control.

14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you. Notice of such denial will be made using the contact information provided by you.
Failure to receive such notice will not alter or invalidate the denial. In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the

amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied permissions.
LIMITED LICENSE
The following terms and conditions apply only to specific license types:

15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the

integrity of the article.

16. Posting licensed content on any Website: The following terms and conditions apply as
follows: Licensing material from an Elsevier journal: All content posted to the web site must
maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for books at
http://www.elsevier.com; Central Storage: This license does not include permission for a
scanned version of the material to be stored in a central repository such as that provided by

Heron/XanEdu.
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Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the

copyright information line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above the following clauses
are applicable: The web site must be password-protected and made available only to bona
fide students registered on a relevant course. This permission is granted for 1 year only. You

may obtain a new license for future website posting.
17. For journal authors: the following clauses are applicable in addition to the above:
Preprints:

A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,

copyright, technical enhancement etc.).

Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of
articles however authors can update their preprints on arXiv or RePEc with their Accepted

Author Manuscript (see below).

If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different

preprint policies. Information on these policies is available on the journal homepage.

Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an article
that has been accepted for publication and which typically includes author-incorporated

changes suggested during submission, peer review and editor-author communications.
Authors can share their accepted author manuscript:

- immediately via their non-commercial person homepage or blog by updating a preprint
in arXiv or RePEc with the accepted manuscript via their research institute or institutional

repository for internal institutional uses or as part of an invitation-only research collaboration
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work-group directly by providing copies to their students or to research collaborators for their
personal use for private scholarly sharing as part of an invitation-only work group on

commercial sites with which Elsevier has an agreement

- after the embargo period via non-commercial hosting platforms such as their

institutional repository via commercial sites with which Elsevier has an agreement
In all cases accepted manuscripts should:
- link to the formal publication via its DOI

- bear a CC-BY-NC-ND license - this is easy to do

- if aggregated with other manuscripts, for example in a repository or other site, be
shared in alignment with our hosting policy not be added to or enhanced in any way to appear

more like, or to substitute for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive final record
of published research that appears or will appear in the journal and embodies all value-adding
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