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Resumo




ADRIAZOLA IQUE, M. Analise de energia de superficie de fios ortodénticos
de diferentes ligas submetidas a exposi¢ao de acidos. 2019. Dissertacéo
(Mestrado em Odontologia, area de Ortodontia) - Faculdade de Odontologia de
Aracatuba, Universidade Estadual Paulista, Aragatuba, 2019.

Resumo

O objetivo deste estudo foi avaliar in vitro a energia de superficie livre e
rugosidade de superficie de ligas metalicas sob desafios de solugdes acidas.
Para o estudo foram utilizados 270 corpos de prova representados por
segmentos de fios retangulares de 0,019” x 0,025” - 3 marcas comerciais (GAC,
American Orthodontics e Orthoclassic) foram divididas em 3 grupos de
diferentes solugdes sendo 90 para agua deionizada, 90 para acido citrico e 90
para acido fosférico, dentro dos grupos de solucdo dividiu-se em 30 de ago
inoxidavel, 30 de niquel titanio e 30 titdnio molibdénio. Cada grupo de analise
(n=10) foi imerso em meio a cada solugdo por 72 horas a 37° C e agitagédo de
130 rpm. A analise de ESL foi avaliada através do dispositivo gonidmetro para
interpretacdo do angulo de contato avaliando a variavel. As médias foram
submetidas ao teste ANOVA e as comparacgdes ao Tukey a 5% de significancia.
A superficie da liga de TMA apresentou maior valor de energia de superficie
(p<0,001). Concluiu-se que a liga de TMA apresentou maior energia de
superficie e o desafio de acido citrico provocou as maiores alteracgdes.

Palavras Chave: Fios, acidos, adsorcao, energia livre de superficie.



Abstract




ADRIAZOLA, M. Surface energy analysis of orthodontic wires from different
alloys subjected to acid exposure. 2019. Dissertacdo (Mestrado em
Odontologia, area de Ortodontia) - Faculdade de Odontologia de Aracatuba,
Universidade Estadual Paulista, Aracatuba, 2019.

Abstract

The objective of this study was to evaluate in vitro the free surface energy and
surface roughness of metallic alloys under challenges of acid solutions. For the
study, 270 pieces represented by 0.019 "x 0.025" rectangular strands were used
- 3 commercial brands (GAC, American Orthodontics and Orthoclassic) were
divided into 3 groups of different solutions, 90 for deionized water, 90 for acid
citric acid and 90 to phosphoric acid, within the solution groups was divided into
30 stainless steel, 30 nickel titanium and 30 titanium molybdenum. Each assay
group (n = 10) was immersed in each solution medium for 72 hours at 37 ° C and
shaking at 130 rom. The ESL analysis was evaluated through the goniometer
device for the interpretation of the contact angle evaluating the variable. The
means were submitted to the ANOVA test and the Tukey comparisons at 5%
significance. The surface of the TMA alloy had a higher surface energy value (p
<0.001). It was concluded that the TMA alloy presented higher surface energy
and the citric acid challenge caused the greatest changes.

Keywords: Wires, acid, adsorption, surface free energy.
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1 -INTRODUGAO

A movimentacao dentaria induzida por forgcas ortodénticas é o resultado
de uma cascata de eventos bioldgicos em resposta ao estimulo gerado por varios
componentes do aparelho ortoddntico, entre eles: elasticos, molas e fios. [22][23]

Por meio dos fios ortoddnticos, o ortodontista é capaz de realizar
movimentos de alinhamento e nivelamento, para os quais a flexibilidade e o
modulo de elasticidade sao caracteristicas fundamentais; também e capaz de
realizar retragdes dentarias e fechamento de espagos para os quais a rigidez e
o polimento da superficie dos fios tornam-se as propriedades mais importantes.
[26]

Para a escolha do fio mais adequado para cada fase do tratamento
ortoddntico, o ortodontista elabora um raciocinio considerando os seguintes
fatores: objetivos do tratamento, flexibilidade ou rigidez do fio, formabilidade ou
soldabilidade do fio, entre outras propriedades bem documentadas na literatura
especializada. [8][29]

Especificamente para a fase de final de nivelamento e retracdo anterior,
os fios retangulares s&o recomendados devido, entre outras propriedades, ao
encaixe quase que completo na canaleta dos braquetes. Para a retracéo anterior,
o contato entre o fio e a canaleta geram um elemento denominado de
atrito.[5][30]

O atrito é um fator intrinseco da mecanica ortodéntica em quanto maior a
sua expressao, maior sera a necessidade de forgas com magnitude superior a
sua resisténcia, o que por sua vez provoca efeitos colaterais na mecanica

ortoddntica e nas respostas bioldgicas relacionadas com estas forgas. [1][30]
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Um dos meios de reduzir o efeito do atrito € um alinhamento perfeito entre
todas as canaletas dos braquetes, associado a utilizacdo de fios com alta
qualidade de polimento. Os fabricantes de fios percebem que este polimento é
um desafio constante e muitos avangos nesta area foram alcancados.[3][35]

Um dos métodos utilizados para analise da superficie de corpos soélidos
submetidos a desafios provocados por solugdes acidas € a analise da energia
de superficie livre (ESL). A ESL indica a interagao entre as for¢as de coesao e
adesdo e determina a capacidade de molhamento de um sdélido, sendo
mensurada pelo dngulo de contato formado entre o sistema sdlido/liquido, esta
referéncia é relacionada com a tensao superficial ja que é dificil diferenciar o
trabalho necessario para aumentar o tamanho da superficie do trabalho de
deformacéo por medicdo.[7] Podemos definir que a ESL é o trabalho que tem
que ser gasto para aumentar o tamanho da superficie de uma fase é referido
como a energia livre da superficie. [10][36]

Em situagdes cotidianas de pacientes que ingerem bebidas acidas e estao
em tratamento ortoddntico, com uso de fios retangulares, o efeito que estas
bebidas provocam sobre a superficie dos fios, e consequentemente sobre uma
possivel reducdo do polimento superficial permanece uma duvida pouca
explorada em estudos cientificos.[4][6]

Portanto, o objetivo deste trabalho é avaliar a caracteristica da superficie
dos fios ortodénticos submetidos a bebidas acidas, tendo como meio de estudo

as alteragdes da energia de superficie.



Material e Métodos




27

2 - MATERIAL E METODOS

2.1 - Material
2.1.1 - Fios

Para a realizagdo deste trabalho foram utilizados fios ortoddénticos
metalicos todos com formato retangular e secgéo transversal de 0,019” x 0,025”.
As ligas utilizadas foram o aco inoxidavel, niquel titanio e titdnio molibdénio. Os
fios utilizados de acordo com as ligas e marcasforam: 1)fio de ago inoxidavel
American Orthodontics (Sheboygan, WI, EUA, Stainless Steel StraightWire,
cbdigo 856-011), 2) fio de ago inoxidavel Dentsply (Bohemia, NY, EUA, Stainless
Steel, codigo 03-925-68), 3) fio de ago inoxidavel Orthoclassic (Mc Minnville, OR,
EUA, Stainless Steel StraightWire, cddigo 40.40.880.01925), 4) fio de niquel
titdnio American Orthodontics (Sheboygan, WI, EUA, NiTi Memory Wire, codigo
858-546), 5) fio de niquel titanio Denstply(Bohemia, NY, EUA, Bio Force Nickel
Titanium, codigo 02-528-061), 6) fio de niquel titdnio Orthoclassic (McMinnville,
OR, USA, Nickel Titanium Archwire, codigo 61.40.720.19250), 7) fio de titanio
molibdénio  American  Orthodontics  (Sheboygan, WI, EUA, Beta
TitaniumStraightWire, 857-699SP), 8) fio de titdnio molibdénio Dentsply
(Bohemia, NY, EUA, Resolve Beta Titanium, cédigo 03-925-99), 9) fio de titanio
molibdénio Orthoclassic (McMinnville, OR, EUA, Beta Titanium StraightWire,
codigo 40.40.870.01925).
2.1.2 — Solugodes

Para a analise da ESL foram utilizadas as seguintes solug¢ées: 1) solugao
de acido citrico pH 3,2; 2) solugéo de acido fosférico pH 2.5. Todas as solugdes

foram preparadas de acordo com os protocolos estabelecidos para preparacgao,



28

no laboratério experimental da Disciplina de Odontopediatria da Faculdade de
Odontologia de Aragatuba-UNESP.

2.2 - METODOS

2.2.1 — Tratamento experimental dos fios

Para o tratamento experimental foi utilizado um segmento de fio com
10mm de comprimento. Para obter uma superficie isenta de detritos os
segmentos de fio foram submetidos a limpeza inicial por meio de um aparelho
de ultrassom (Unique USC 1400, Indaiatuba, SP, Brasil) calibrado com
frequéncia de 40Hz em agua deionizada, durante 20 minutos, e apds a limpeza
cada segmento de fio foi acomodado num microtubo de PCR (Axygen, MCT-200-
C, Union City, CA, USA).

2.2.2 - Formagao dos grupos

Para a execucédo do procedimento experimental os segmentos de fio
foram organizados em grupos com a seguinte descri¢ao:

Grupo 1(Controle) composto por 9 segmentos de fio sendo 3 de cada
tipo de liga, e para cada liga um segmento de cada marca, que foram imersos
num recipiente (microtubo de PCR — Axygen) com 1,5mL de agua deionizada e
permaneceram submersos por um tempo de 72 horas. Estes recipientes foram
colocados no interior de uma incubadora com agitagéo orbital (Tecnal, TE-420,
Piracicaba, SP, Brasil) regulada em 130 rpm e a 37°C e seguir as amostras foram
lavadas com agua deionizada por 15 segundos e secas com papel toalha.

Grupo 2(Controle) composto por 9 segmentos de fio sendo 3 de cada
tipo de liga, e para cada liga um segmento de cada marca, que foram imersos
num recipiente (microtubo de PCR — Axygen) com 1,5mL de acido citrico e

permaneceram submersos por um tempo de 72 horas. Estes recipientes foram
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colocados no interior de uma incubadora com agitag&o orbital (Tecnal, TE-420,
Piracicaba, SP, Brasil) regulado em 130 rpm e a 37° C e seguir as amostras
foram lavadas com agua deionizada por 15 segundos e secas com papel toalha.

Grupo 3(Controle)composto por 9 segmentos de fio sendo 3 de cada tipo
de liga, e para cada liga um segmento de cada marca, que foram imersos num
recipiente (microtubo de PCR — Axygen) com 1,5mL de acido fosférico e
permaneceram submersos por um tempo de 72 horas. Estes recipientes foram
colocados no interior de uma incubadora com agitagéo orbital (Tecnal, TE-420,
Piracicaba, SP, Brasil) regulado em 130 rpom e a 37° C e seguir as amostras
foram lavadas com agua deionizada por 15 segundos e secas com papel toalha.

Grupo 4(Agua deionizada) composto por 90 segmentos de fio sendo 30
de cada tipo de liga, e 10 segmentos de cada marca analisada por liga. Estes
segmentos foram imersos num recipiente (microtubo de PCR — Axygen) com
1,5mL de agua deionizada e permaneceram submersos por um tempo de 72
horas. Estes recipientes foram colocados no interior de uma incubadora com
agitacao orbital (Tecnal, TE-420, Piracicaba, SP, Brasil) regulado em 130 rpm e
a 37° C e seguir as amostras foram lavadas com agua deionizada por 15
segundos e secas com papel toalha.

Grupo 5(Acido citrico) composto por 90 segmentos de fio sendo 30 de
cada tipo de liga, e 10 segmentos de cada marca que foram imersos num
recipiente (microtubo de PCR — Axygen) com 1,5mL de a&cido citrico e
permaneceram submersos por um tempo de 72 horas. Estes recipientes foram
colocados no interior de uma incubadora com agitag&o orbital (Tecnal, TE-420,
Piracicaba, SP, Brasil) regulado em 130 rpom e a 37° C e seguir as amostras

foram lavadas com agua deionizada por 15 segundos e secas com papel toalha.
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Grupo 6(Acido fosférico) composto por 90 segmentos de fio sendo 30
de cada tipo de liga, e 10 segmentos de cada marca que serdo imersos num
recipiente (microtubo de PCR — Axygen) com 1,5mL de acido fosférico e
permaneceram submersos por um tempo de 72 horas. Estes recipientes foram
colocados no interior de uma incubadora com agitag&o orbital (Tecnal, TE-420,
Piracicaba, SP, Brasil) regulado em 130 rpm e a 37° C e seguir as amostras
foram lavadas com agua deionizada por 15 segundos e secas com papel toalha.
2.2.3 — Andlise da ESL

Apoés a secagem, cada segmento de fio foi posicionado numa plataforma
da area de trabalho de um aparelho denominado de goniémetro (DSA100S,
KRUSS GMBH, Borsteler Chaussee 85-99a, 22453 Hamburgo, Alemanha). Este
goniébmetro possui 3 sondas e no interior de cada uma delas existe um liquido:
sonda 1 agua deionizada(apolar), sonda 2 etilenoglicol (polar) e na sonda 3
diiodometano (polar com componente acido e base) que foram dispensados
sobre o0 segmento do fio em forma de gota.[33]

A analise da ESL (ys) foi realizada pela interpretacado do angulo de contato
(AC), que é o angulo formado entre as superficies laterais da gota originada das
sondas e a superficie do segmento de fio. O gonibmetro obtém uma imagem que
pode ser capturada e mensurada com precisao. O resultado final da ESL foi a
soma dos angulos obtidos com os trés liquidos gotejados.[34][24]

Para a determinagédo do angulo de contato um volume de 0,3uL de cada
liquido foi dispensado sobre cada segmento de fio(amostra). O angulo de contato
foi mensurado 5 vezes a partir de imagens capturadas pela camera CCD do
goniémetro, quando o movimento observavel estiver cessado, a uma

temperatura de 23° C.
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Os parametros de yLW e yAb e os componentes acido (y", componente receptor)

e base (y- componente doador) da energia livre de superficie (mN/m), foram
calculados de acordo com o modelo de van Oss, Chaudhery e Good para

determinacao da energia livre de interagdo dos substratos. [17][33][34]

2.2.4 —Analise Estatistica

Os resultados foram analisados estatisticamente considerando como
fatores de variagdo o tipo de liga e os meios de exposigdo. As variaveis
analisadas foram a energia livre de superficie e energia de superficie. Os dados
foram submetidos aos testes de normalidade para aplicar a analise estatistica
mais adequada a distribuicdo dos dados. Todas as analises foram realizadas

com o programa SigmaPlot versao 12.0 com limite de significancia de 5%.
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3-RESULTADOS

As médias, desvios padrdo e as comparagdes estdo apresentadas na
tabela 1. Letras minusculas distintas indicam diferenca entre as médias
considerando a interagéo tipo de liga e meio de imersdo para cada marca
comercial e variavel (Two Way Analysis of Variance, Student-Newman-Keuls
Method, p<0.001). Letras maiusculas distintas indicam diferenga entre a mesma
variavel comparando as marcas comerciais (Two Way Analysis of Variance,
Student - Newman-Keuls Method, p<0.001).
3.1 Marca Comercial versus solugoes

3.1.1 Marca comercial versus agua deionizada

Considerando a marca comercial imersa em agua, as comparagodes entre
as médias obtidas, apresentaram os seguintes resultados: (1) as marcas
apresentaram diferentes valores de ys (p<0,001); (2) GAC e OC n&o diferem para
vstW (P=0,756) que diferiram da marca AO (p<0,001); (3) as marcas OC e AO
ndo apresentaram diferenga para os valores de ys*® (p=0,616), ys~ (p=0,119) e
AGsws (p=0,326), diferindo da marca GAC (p<0,001); e (4) ndo houve diferenga
entre as marcas comerciais para ys* (p=0,303). As médias, desvios padréo e as
comparagdes estdo apresentadas na tabela 1.

3.1.2 Marca comercial versus acido fosférico

Em acido fosforico: (1) marcas OC e AO néo diferiram entre si para os
valores de vs (p=0,295) e ys"B (p=0,113), porém foram diferentes da marca GAC
(p<0,001) e (2) as marcas apresentaram diferenga para os valores de sV, ys*,
vs~ € AGsws (p<0,001). As médias, desvios padrdao e as comparagdes estao
apresentadas na tabela 1.

3.1.3 Marca comercial versus acido citrico



34

A imersdo em acido citrico: (1) marcas OC e AO né&o diferiram entre si
para os valores de ys"® (p=0,915) e vs* (p=0,174), porém foram diferentes da
marca GAC (p<0,001); (2) as marcas apresentaram diferenca entre si para os
valores de vs, ys~ € AGsws (p<0,001); e (3) GAC e AO néo diferiram para os valores
de ys"V (p=0,996) e apresentaram-se diferentes da marca OC (p=0,002). As
meédias, desvios padrao e as comparagoes estao apresentadas na tabela 1.

3.2 Ligas Metalicas versus solugoes

3.2.1 Ligas metalicas versus agua deionizada

Considerando a marca comercial imerso em agua: (1) as marcas
apresentaram diferentes valores de ys (p<0,001); (2) GAC e OC n&o diferem para
vstW (P=0,756) que diferiram da marca AO (p<0,001); (3) as marcas OC e AO
ndo apresentaram diferenga para os valores de ys*® (p=0,616), ys~ (p=0,119) e
AGsws (p=0,326), diferindo da marca GAC (p<0,001); e (4) ndo houve diferenga
entre as marcas comerciais para ys* (p=0,303).

3.2.2 Ligas metalicas versus acido fosforico

Em acido fosforico: (1) marcas OC e AO néo diferiram entre si para os
valores de vs (p=0,295) e ys"B (p=0,113), porém foram diferentes da marca GAC
(p<0,001) e (2) as marcas apresentaram diferenga para os valores de sV, ys*,
¥s~ € AGsws (p<0,001).

3.2.3 Ligas metalicas versus acido citrico

A imersdo em acido citrico: (1) marcas OC e AO né&o diferiram entre si
para os valores de ys"® (p=0,915) e vs* (p=0,174), porém foram diferentes da

marca GAC (p<0,001); (2) as marcas apresentaram diferenca entre si para os
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valores de vs, vs~ € AGsws (p<0,001); e (3) GAC e AO néo diferiram para os valores
de ys-" (p=0,996) e apresentaram-se diferentes da marca OC (p=0,002).

Tabela 1. Valores médios (SD) da energia livre de superficie (ys), energia apolar
(vs-"V) e energia polar (ys"®) de fios retangulares de acordo com marca comercial,

tipo de liga metalica e desafio (n=10)

Desafio Liga

GAC (mN/m) OC (mN/m) AO (mN/m)

Yo W B Ys vtV AP Yo W

AB
Vs

Aco

26,544 28,984 244 25,7%AB 27 4B ] A 25,048 28,724 3738

(1.4) (1,2) (0,6) (1,3) 0.8) (LD 1’ (19 (17
‘ e 29,30A 2784 ] 5bA 27,008 27,744 -0,7>B 30,104 29,004 12bA
Agua NiTi
(1,1) 0,8) (0,5) 0,7) 0.8)  (0.4) 09 0,7 (O
™ 31,84  304>A 1404 32,204 31,7%B 5B 34,5°8  33,7°C  (,9bAB
A (1.4) (1.4 (0,6) (1,6) (L5 (O (12 (L5 (O
28,954 32604 3 7eA 28,844 27,8%B  1,0°B 27,844 26,3¢C 1,5bB
Aco
(1,6) (1,2) (1,3) 0,8) (L1)  (0,3) (200 20 (06
Fosforic e 32,094 31204 [ 4bA 29,148 26,828 2 5B 30,84 32,144 13C
NiT1
(2,0) (LD (0,8) (1,8) (1,0) (0,9 (13 (08 (08
™ 266 3730 | Dea 38,008 3578 23¢ 38,78 34,7°B  4,00¢
A (1,7) (1,6) (3’ 2) (1,3) (1,8)  (0,6) 22 @7 (06
8.844 28524 A 29,948 29444 (6B 29,08 2g8.8A ] 1bB
Ao o3y g 12T 09 (L) (04 05 07 (05
. . (2'6) 2 2 2 2 b 2
Citrico NiTi 30454 29004 1.4%A 30,454 29,094 14%A 26,78 28,6%*  -1,8°B
(1.6) (1.6) 0.7) 0,7) 0,6) (0,5 06)  (0.8)  (0,6)
™  17.0s4 29.6%04 A 34,028 31,88 2 14B 34,5¢8 29,744 48C
12.6%
A (1.2) (1.1) (1"9) (1,9) (1,9 (0,9 (Le) (L) (LD

Considerando as ligas metalicas imersas em agua: (1) a liga TMA
apresentou maior valor de ys e ys"V seguido pelo NiTi e Ago (p<0,001); NiTi e
TMA que n3o diferiram (p=0,223) e apresentaram maiores valores de ys"®
comparado ao Ago (p<0,001); Aco e TMA nao diferiram (p=0,222) e
apresentaram maiores valores comparados ao NiTi (p<0,001) para ys*; a ys- n&o
diferiu entre as ligas (p<0,050); AGsws<0 para todas as ligas. Quando imersas em

acido fosforico: (2) o NiTi>Ago>TMA (marca GAC) e TMA>NIiTI>Ac¢o (marcas OC
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e AO) para valores de ys e vys"® (p<0,001); TMA apresentou maior ys-" e
ys'seguido do Ago e NiTi (p<0,001); para yss TMA>Acgo>NiTi (GAC) e
NiTi>TMA>Aco (OC e AO) (p<0,001); AGsws<O para todas as ligas sendo
NiTi<AGo<TMA da marca GAC e A¢o<TMA<NITi das marcas OC e AO
(p<0,001). Em acido citrico: a ys foi maior para o fio NiTi da marca GAC e o TMA
para as marcas OC e AO, seguidos dos demais fios (p<0,001); NiTi da marca
GAC apresentou maior valor de ys"B e 0o TMA para as marcas OC e AO (p<0,001);
a vs"V ndo diferiu entre as ligas (p<0,050); a ys* e ys~ para marca GAC foi
Aco>TMA>NITi e para as marcas OC e AO TMA>NIiTi>Ago (p<0,001); AGsws>0
para Ago e TMA da marca GAC (p=0,457) e TMA da marca AO, e AGsws<0 para
marca OC Ac¢o<NiTi<TMA e para a marca AO Ago<NiTi (p<0,001). Demais

comparagdes estdo descritas nas Tabelas 1 e 2.
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Tabela 2. Valores médios (SD) dos sitios receptores de elétrons (ys*) e doadores

de elétrons (ys~) da energia polar (ys"B) e energia livre de interagdo (AGsws) de

fios retangulares de acordo com marca comercial, tipo de liga metalica e desafio

(n=10)
. GAC (mN/m) OC (mN/m) AO (mN/m)

Desafio nga 'Ys+ Vs~ AGsws 'Ys+ Vs~ AGsws 'Ys+ Vs~ AGsws
A 0,54 4,184 54284 02+ 33 6138 0,8+ 2,0eBA .59 guBA

€02 0N @ 02 (12) (9,0 08 (09 (9,0

ab,

Acua NiTi O’i 3,9%4 57,7404 0,1>A 4,88 _57 10A 0,14 595C 5 7bA

& 03 O @D o (12 (52 on (15 (59
TMA 0,1"*A 4,254 —59,4‘3’A 0,88 0,38 -77,3"*B 0,3"’A 1,48 -79,0¢B

01 (09 (45 02 (02 (32 O (08 (86

ab, b,

Ao B0 s o s 2 03 29 e

03 (g @ 02 (07 (45 ©3) (L) &)
Fosfori NiTi 0,2"*A 4,2‘1"A —58,5'3’A O,Ib’A 19,45’B -12,9“*B 0,1"’A 11,9“’C -33',2“’C

OSTOTIE0 02 (1,3 (44 o1 (1,7)  (338) o) 22 (67
TMA 1,394 23;96’ —6,8“’A 0,38 4,0"’B -59,6%B 0,92¢ 4,88 -49,81”C

0 g @0 ©03) (08 (3.5 ©3) (L) (30

d,

Aco 2.14A 45A6 23.5e4 0,1"*B 1,7"’B -73,8%B O,Ib’B 3,6%¢ -61,6*¢

05 43 @9 O (03 (33 O (08 (38
Citrico NiTi 0.1b4 IOA'Se, -36.284 0, >4 5,8"’B -51,8%B 0, 1>4 13,3f’C -27,8%¢

OD 59 64 o) (14 (48 00 (1LO) (28

™A LIS 422%% 2194 0,18 18,98 15448 03°C  2998C  27tC

02 (18 (19 O (18 (40 O (13 (49

Letras minusculas distintas

indicam diferenca entre as médias

considerando a interagdo tipo de liga e meio de imersdo para cada marca

comercial e variavel (Two Way Analysis of Variance, Student — Newman - Keuls

Method, p<0.001). Letras maiusculas distintas indicam diferenca entre a mesma

variavel comparando as marcas comerciais (Two Way AnalysisofVariance,

Student - Newman - Keuls Method, p<0.001).
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4 — DISCUSSAO

O presente trabalho teve como objetivo analisar o comportamento da

energia de superficie de fios ortodbnticos, de diferentes ligas submetidos a trés
desafios sob controle laboratorial: agua destilada (controle), acido fosforico
(simulando coca cola) e acido citrico (simulando suco de laranja) [10][8][25].A
energia de superficie em metais no estado sélido, tem como valor de referéncia
30 mN/m [14]. Na avaliagdo dos resultados considerou-se o seguinte raciocinio:
quando a energia de superficie de uma liga for maior do que valor de referéncia,
isto representa uma liga hidrofilica com grandes possibilidades de reagdes entre
a liga e o meio bucal. [31] No presente trabalho pode-se considerar que todas as
ligas estudadas apresentaram caracteristicas hidrofobicas, o que €& uma
propriedade considerada favoravel. Desta forma consideraremos entre as ligas
estudadas, o comportamento hidrofébico.[9][11]
ApOs analise da variavel ys sob desafio da agua destilada, verificou-se que a liga
de TMA é superior ao NiTi e este superior ao ac¢o inoxidavel. No aspecto clinico,
uma liga com ys alto significa maior susceptibilidade para ades&o de proteinas e
biofilme, mais residuos sobre o fio, maior resisténcia ao deslizamento. Como o
desafio da agua, no presente trabalho foi utilizado como controle, os resultados
permitem a inferéncia de que, apesar de todas as suas qualidades, o fio TMA
deve ser usado com muita cautela em pacientes com baixo controle de higiene
bucal.[2][49]

Como elementos complementares a analise de energia livre foram
analisados também y-"¥ que indica a energia apolar representando a capacidade
de reagao da liga com substancias derivadas do carbono bem como substancias

nao idnicas.[12][13][15] Na tabela 1 verifica-se que o fio TMA apresenta os
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maiores valores de Y-V destacando a capacidade desta liga em reagir com o
meio bucal. Ainda nesta linha de analise a variavel YAB (energia polar) que
também indica a predisposi¢ao da liga a receber ou doar elétrons e reagir com o
meio bucal, o TMA também apresenta maiores valores. Na tabela 2 sao
apresentados os valores das variaveis y** (capacidade da liga em receber
elétrons), Ys- (capacidade da liga em doar elétrons) e a variavel AGsws, cujo valor
negativo indica um comportamento hidrofébico para a liga. Por meio desta
avaliacao o TMA apresentou um comportamento hidrofébico em comparacgéo ao
NiTi e Aco, porém a sua capacidade de troca ibnica com meio bucal analisado
pela grandeza Ys- se mantem proxima do ago inoxidavel bem como da liga de
niquel titdnio.[21]

Apos analise da variavel y® sob desafio do acido fosforico, verificou-se que
a liga de TMA é superior ao NiTi e este superior ao ago inoxidavel. Como
elementos complementares a analise de energia livre, foram analisados também
YW que indica a energia apolar representando a capacidade de reagdo da liga
com substancias derivadas do carbono bem como substancias ndo i6nicas, na
tabela 1 verifica-se que o fio TMA apresenta os maiores valores de -V
destacando a capacidade desta liga em reagir com o meio bucal. Ainda nesta
linha de analise a variavel y*B (energia polar) que também indica a predisposigdo
da liga a receber ou doar elétrons e reagir com o meio bucal, o TMA também
apresenta maiores valores.[20]

Na tabela 2 sdo apresentados os valores das variaveis ys+, ys- € AGsus,
cujo valor negativo indica um comportamento hidrofobico para a liga. Por meio
desta avaliacdo o TMA da marca GAC apresentou um comportamento com

tendéncia hidrofilica em comparacéo ao NiTi e A¢o, porém a sua capacidade de
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troca ibnica com meio bucal analisado pela grandeza ys- se mantem préxima do
Aco inoxidavel bem como da liga de niquel titanio.

Apos analise da variavel y* sob desafio de acido citrico, verificou-se que a

liga de TMA das marcas OC e AO sao superiores que do GAC. A analise das
variaveis Y-V, na tabela 1 verifica-se que o fio TMA apresenta os maiores valores
de y-". Ainda nesta linha de analise a variavel y*B (energia polar), o TMA também
apresenta maiores valores, so depois do fio de Aco da marca GAC.
Na tabela 2 s&o apresentados os valores das variaveis Ys+ (capacidade da liga
em receber elétrons, y* (capacidade da liga em doar elétrons) e a variavel
denominada AGsws, cujo valor positivo indica um comportamento com tendéncia
hidrofilica para a liga. Por meio desta avaliagdo o TMA da marca GAC
apresentou um comportamento mais hidrofilico de todas as marcas e em
comparagao ao NiTi e Ago, porém a sua capacidade de troca ibnica com meio
bucal analisado pela grandeza y* se mantem proxima do Ago inoxidavel bem
como da liga de Niquel Titanio. [18][19]

Avaliando a energia de superficie das ligas, todas tem uma caracteristica
hidrofébica, no qual esta dentro dos padrbes ideais de um fio, relacionando
também que tem menor rugosidade, para confirmar o grau de hidrofobia, se
avalia também os valores doadores de elétrons, sendo o valor menor que 28,5

mN/m. [16][28][32]
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5 - CONCLUSOES

Diante as condi¢des experimentais deste trabalho pode se concluir que:
Todas as ligas analisadas apresentaram comportamento hidrofébico, sendo o
TMA a liga que apresentou o menor comportamento hidrofébico, e sob o desafio

com acido citrico sofreu as maiores alteragdes.
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Anexos




Anexo A: Preparo dos fios

|
a

Ativacao da maquina ultrassonic

Fios submetidos a limpeza ultrassonica

Secagem das amostras
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Anexo B: Formulagoes das solugdes de tratamento

Preparo das solugoes Dosagem para a preparagao

pH do Acido fosférico

pH do Acido Citrico



Anexo C: Tratamento dos fios com as solugoes experimentais

Configuracdes da agitadora: 37°C e 1‘50 RPM
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Anexo D: Analise da Energia de Superficie

Goniometro Kruss DSA 100

Dosagem dos liquidos

Dosage dos liquidos



53

Anexo E: Guias de autor

——

ﬂ Introduction

Authors are requested to submit their original manuscript and figures via the online
submission and editorial system for Dental Materials. Using this online system, authors
may submit manuscripts and track their progress through the system to publication.
Reviewers can download manuscripts and submit their opinions to the editor. Editors
can manage the whole submission/review/revise/publish process. Please register

at: https://www.evise.com/profile/api/navigate/DEMA.

Dental Materials now only accepts online submissions.
The Artwork Quality Control Tool is now available to users of the online submission
system. To help authors submit high-quality artwork early in the process, this tool
checks the submitted artwork and other file types against the artwork requirements
outlined in the Artwork Instructions to Authors

on https://www.elsevier.com/artworkinstructions. The Artwork Quality Control Tool

automatically checks all artwork files when they are first uploaded. Each figureffile is
checked only once, so further along in the process only new uploaded files will be

checked.
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leading to the publication of the paper, and that all the named authors have read the

paper before it is submitted for publication.

Always keep a backup copy of the electronic file for reference and safety.

Manuscripts not conforming to the journal style will be returned. In addition,
manuscripts which are not written in fluent English will be rejected automatically

without refereeing.

For further guidance on electronic submission, please visit the Elsevier Support

Center.

Page charges

This journal has no page charges.

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:
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* Include keywords

+ All figures (include relevant captions)

+ 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)

* A competing interests statement is provided, even if the authors have no competing
interests to declare

« 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.

g Before You Begin

Ethics in publishing

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

journal publication.
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Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work

described has been carried out in accordance with The Code of Ethics of the World

Medical Association (Declaration of Helsinki) for experiments involving humans. The

manuscript should be in line with the Recommendations for the Conduct, Reporting,

Editing and Publication of Scholarly Work in Medical Journals and aim for the inclusion

of representative human populations (sex, age and ethnicity) as per those

recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was
obtained for experimentation with human subjects. The privacy rights of human

subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be

carried out in accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and

associated guidelines, EU Directive 2010/63/EU for animal experiments, or the

National Institutes of Health guide for the care and use of Laboratory animals (NIH
Publications No. 8023, revised 1978) and the authors should clearly indicate in the
manuscript that such guidelines have been followed. The sex of animals must be
indicated, and where appropriate, the influence (or association) of sex on the results

of the study.

Declaration of interest

All authors must disclose any financial and personal relationships with other people
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or organizations that could inappropriately influence (bias) their work. Examples of
potential competing interests include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or
other funding. Authors must disclose any interests in two places: 1. A summary
declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state
this: 'Declarations of interest: none'. This summary statement will be ultimately
published if the article is accepted. 2. Detailed disclosures as part of a separate
Declaration of Interest form, which forms part of the journal's official records. It is
important for potential interests to be declared in both places and that the information

matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published
previously (except in the form of an abstract, a published lecture or academic thesis,

see 'Multiple, redundant or concurrent publication' 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 in the same form,
in English or in any other language, including electronically without the written
consent of the copyright-holder. To verify originality, your article may be checked by

the originality detection service Crossref Similarity Check.
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Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive
to differences, and promotes equal opportunities. Articles should make no
assumptions about the beliefs or commitments of any reader, should contain nothing
which might imply that one individual is superior to another on the grounds of race,
sex, culture or any other characteristic, and should use inclusive language
throughout. Authors should ensure that writing is free from bias, for instance by using
'he or she', 'his/her' instead of 'he' or 'his’, and by making use of job titles that are free
of stereotyping (e.g. 'chairperson' instead of 'chairman' and 'flight attendant' instead

of 'stewardess').

Authorship

All authors should have made substantial contributions to all of the following: (1) the
conception and design of the study, or acquisition of data, or analysis and
interpretation of data, (2) drafting the article or revising it critically for important

intellectual content, (3) final approval of the version to be submitted.

Changes to authorship

Authors are expected to consider carefully the list and order of

authors beforesubmitting 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
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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.

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
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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 gold 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 gold 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

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.
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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 gold open access publication fee. Details of existing

agreements are available online.

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.

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 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. Find out more.

This journal has an embargo period of 12 months.
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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.

Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed
consent, which should be documented in the paper. Appropriate consents,
permissions and releases must be obtained where an author wishes to include case
details or other personal information or images of patients and any other individuals
in an Elsevier publication. Written consents must be retained by the author but copies
should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must
provide copies of the consents or evidence that such consents have been obtained.

For more information, please review the Elsevier Policy on the Use of Images or

Personal Information of Patients or other Individuals. Unless you have written

permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary

materials (including all illustrations and videos) must be removed before submission.

Submission

Our online submission system guides you stepwise through the process of entering
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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/profile/api/navigate/DEMA.

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.

u Preparation

Peer review

This journal operates a double blind review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are then
typically sent to a minimum of two independent expert reviewers to assess the
scientific quality of the paper. The Editor is responsible for the final decision
regarding acceptance or rejection of articles. The Editor's decision is final. More

information on types of peer review.

Double-blind review

This journal uses double-blind review, which means the identities of the authors are
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concealed from the reviewers, and vice versa. More information is available on our

website. To facilitate this, please include the following separately:

Title page (with author details): This should include the title, authors' names,
affiliations, acknowledgements and any Declaration of Interest statement, and a
complete address for the corresponding author including an e-mail address.
Blinded manuscript (no author details): The main body of the paper (including the
references, figures, tables and any acknowledgements) should not include any

identifying information, such as the authors' names or affiliations.

Use of word processing software

It is important that the file be saved in the native format of the word processor used.
The text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. In particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc.
When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces,
to align columns. The electronic text should be prepared in a way very similar to that

of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note

that source files of figures, tables and text graphics will be required whether or not
you embed your figures in the text. 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.

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

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

* succinct statements of the issue in question;

* the essence of existing knowledge and understanding pertinent to the issue
(reference);

« the aims and objectives of the research being reported relating the research to

dentistry, where not obvious.

Materials and methods

+ describe the procedures and analytical techniques.

+ only cite references to published methods.

* include at least general composition details and batch numbers for all materials.
« identify names and sources of all commercial products e.g.

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

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

* specify statistical significance test methods.

Results

» refer to appropriate tables and figures.
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* refrain from subjective comments.
» make no reference to previous literature.

* report statistical findings.

Discussion

« explain and interpret data.

« state implications of the results, relate to composition.
+ indicate limitations of findings.

* relate to other relevant research.

Conclusion (if included)
» must NOT repeat Results or Discussion

» must concisely state inference, significance, or consequences

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.1, etc.

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. You

can add your name between parentheses in your own script behind the English
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transliteration. 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. This responsibility
includes answering any future queries about Methodology and Materials. 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 work must be retained as the main, affiliation address.

Superscript Arabic numerals are used for such footnotes.

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.

Abstract (structured format)
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+ 250 words or less.

* subheadings should appear in the text of the abstract as follows: Objectives,
Methods, Results, Significance. (For Systematic Reviews: Objectives, Data, Sources,
Study selection, Conclusions). The Results section may incorporate small tabulations

of data, normally 3 rows maximum.

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 lllustration Services to ensure the best

presentation of their images and in accordance with all technical requirements.

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 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). See https://www.elsevier.com/highlights for examples.
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Keywords

Up to 10 keywords should be supplied e.g. dental material, composite resin,

adhesion.

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, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz];

and the United States Institutes of Peace [grant number aaaa].

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
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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.

Units
Follow internationally accepted rules and conventions: use the international system

of units (SI). If other units are mentioned, please give their equivalent in SI.

Math formulae

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).

Embedded math equations
If you are submitting an article prepared with Microsoft Word containing embedded

math equations then please read this (related support information).

Footnotes
Footnotes should be used sparingly. Number them consecutively throughout the

article. Many word processors can build footnotes into the text, and this feature may
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be used. Otherwise, please indicate the position of footnotes in the text and list the
footnotes themselves separately at the end of the article. Do not include footnotes in

the Reference list.

Artwork

Electronic artwork

General points

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

« Embed the used fonts if the application provides that option.

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

* Number the illustrations according to their sequence in the text.

 Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the published version.
* Submit each illustration as a separate file.

A detailed quide on electronic artwork is available.

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

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, 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
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line/halftone combinations given below):

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

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

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

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to
a minimum of 500 dpi.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

« Submit graphics that are disproportionately 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.
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lllustration services

Elsevier's WebShop offers lllustration Services to authors preparing to submit a

manuscript but concerned about the quality of the images accompanying their article.
Elsevier's expert illustrators can produce scientific, technical and medical-style
images, as well as a full range of charts, tables and graphs. Image 'polishing' is also
available, where our illustrators take your image(s) and improve them to a

professional standard. Please visit the website to find out more.

Captions to tables and figures

* list together on a separate page.

« should be complete and understandable apart from the text.
* include key for symbols or abbreviations used in Figures.

« individual teeth should be identified using the FDI two-digit system.

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 and shading in table cells.

References

Must now be given according to the following numeric system:

Cite references in text in numerical order. Use square brackets: in-line, not
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superscript e.g. [23]. All references must be listed at the end of the paper, double-
spaced, without indents. For example: 1. Moulin P, Picard B and Degrange M. Water
resistance of resin-bonded joints with time related to alloy surface treatments. J Dent,
1999; 27:79-87. 2. Taylor DF, Bayne SC, Sturdevant JR and Wilder AD. Comparison
of direct and indirect methods for analyzing wear of posterior composite restorations.
Dent Mater, 1989; 5:157-160. Avoid referencing abstracts if possible. If unavoidable,
reference as follows: 3. Demarest VA and Greener EH . Storage moduli and
interaction parameters of experimental dental composites. J Dent Res, 1996; 67:221,

Abstr. No. 868.

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.

Reference links

Increased discoverability of research and high quality peer review are ensured by
online links to the sources cited. In order to allow us to create links to abstracting and
indexing services, such as Scopus, CrossRef and PubMed, please ensure that data
provided in the references are correct. Please note that incorrect surnames,

journal/book titles, publication year and pagination may prevent link creation. When
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copying references, please be careful as they may already contain errors. Use of the

DOl is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any
electronic article. An example of a citation using DOI for an article not yet in an issue
is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003).
Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela.
Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please
note the format of such citations should be in the same style as all other references

in the paper.

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.

Data references

This journal encourages you to cite underlying or relevant datasets in your
manuscript by citing them in your text and including a data reference in your
Reference List. Data references should include the following elements: author
name(s), dataset title, data repository, version (where available), year, and global
persistent identifier. Add [dataset] immediately before the reference so we can
properly identify it as a data reference. The [dataset] identifier will not appear in your

published article.
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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
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. Using citation 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. If you use reference management software, please ensure that you

remove all field codes before submitting the electronic manuscript. More information

on how to remove field codes from different reference management software.

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/dental-materials

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

Mendeley plug-ins for Microsoft Word or LibreOffice.

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

Examples:

Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J
Sci Commun 2010;163:51-9. https://doi.org/10.1016/j.Sc.2010.00372.

Reference to a journal publication with an article number:

[2] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article.
Heliyon. 2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205

Reference to a book:

[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:

[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In:
Jones BS, Smith RZ, editors. Introduction to the electronic age, New York: E-
Publishing Inc; 2009, p. 281-304.

Reference to a website:

[5] Cancer Research UK. Cancer statistics reports for the UK,
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/; 2003
[accessed 13 March 2003].

Reference to a dataset:

[dataset] [6] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese
oak wilt disease and surrounding forest compositions, Mendeley Data, v1; 2015.
https://doi.org/10.17632/xwj98nb39r.1.

Note shortened form for last page number. e.g., 51-9, and that for more than 6

authors the first 6 should be listed followed by 'et al.' For further details you are
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referred to 'Uniform Requirements for Manuscripts submitted to Biomedical Journals'

(J Am Med Assoc 1997;277:927-34) (see also Samples of Formatted References).

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 file in one of our recommended file formats with a
preferred maximum size of 150 MB per file, 1 GB in total. 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 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.
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Supplementary material

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are
published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide
an updated file. Do not annotate any corrections on a previous version. Please switch
off the 'Track Changes' option in Microsoft Office files as these will appear in the

published version.

Research data

This journal encourages and enables you to share data that supports 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 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. If you are sharing data in one of these ways, you are encouraged to cite
the data in your manuscript and reference list. Please refer to the "References"

section for more information about data citation. For more information on depositing,
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sharing and using research data and other relevant research materials, visit

the research data page.

Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to
link articles on ScienceDirect with relevant repositories, giving readers access to

underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the

submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to

your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text
of your manuscript, using the following format: Database: xxxx (e.g., TAIR:

AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data
(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.
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For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your
data is unavailable to access or unsuitable to post, you will have the opportunity to
indicate why during the submission process, for example by stating that the research
data is confidential. The statement will appear with your published article on

ScienceDirect. For more information, visit the Data Statement page.

u After Acceptance

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 errors.

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
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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.

Offprints

The corresponding author will, at no cost, receive 25 free paper offprints, or

alternatively 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 gold 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.



