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RESUMO

Devido a grande perda de estrutura coronaria, geralmente, dentes com
tratamento endoddntico necessitam de retentores intrarradiculares para
viabilizar e reter o material restaurador coronario. Nas ultimas décadas os pinos
de fibra tém sido amplamente indicados por serem estéticos, apresentarem a
possibilidade de cimentagcdo em sessao Unica e comportamento biomecanico
semelhante a estrutura dentinaria. A utilizacdo dos pinos de fibras esta
consolidada na literatura, no entanto, a cimentagdo é um procedimento
complexo e que agrega varias etapas com alta sensibilidade técnica. Assim,
manejos simplificados, que eliminam passos clinicos e técnicas alternativas séo
estudadas. Neste contexto, uma nova opcédo de pinos de fibra obtidos pelo
sistema CAD/CAM surgiu no mercado. Esse novo modelo de pinos pode ser
viavel, uma vez que prometem uma melhor adaptacdo as paredes do canal,
aumentando a retencao por atrito, além da possibilidade de fresar pino e nucleo
em corpo unico eliminando a etapa de confeccdo de nucleo em resina
composta. Assim, o objetivo geral deste estudo é avaliar, por meio de estudos
laboratoriais, alternativas simplicadas para cimentacdo e confeccdo de
retentores intrarradiculares de resina refor¢cados por fibra. O estudo foi dividido
em trés objetivos especificos. Objetivo especifico 1: Avaliar qual o melhor
momento para hibridizacdo da dentina coronaria, antes ou apdés a cimentagao
de pinos de fibra de vidro com cimento resinoso autoadesivo, bem como o uso
deste cimento como agente de unido ao nucleo de resina composta. Objetivo
especifico 2: Avaliar as propriedades mecanicas de resisténcia flexural e
modulo de flexdo do novo conceito de pino de fibra de vidro fresado por
CAD/CAM e as caracteristicas estruturais de proporcgao fibra e matriz, fibras por
mm? e presenga de vazios no interior dos pinos. Objtivo espécifico 3: Avaliar
o comportamento biomecanico de dentes tratados endodonticamente
reabilitados com pinos de fibra fresados por CAD/CAM e sua relagdo com o
remanescente coronario. Os resultados encontrados mostraram que: 1) A
utilizagado do cimento resinoso autoadesivo como agente de unido demonstrou
adequada resisténcia de wunido da dentina coronaria ao nucleo de

preenchimento em resina composta. O momento de hibridizagdo da dentina



coronaria nao afetou a resisténcia de unido da resina composta. 2) Pinos de
fibra fresados por CAD/CAM tem propriedades mecanicas e caracteristicas
estruturais semelhantes aos pinos pré-fabricados. Independente do método de
fabricagédo (pré-fabricado ou fresado), vazios dentro da estrutura contribuem
fortemente para a fragilidade dos pinos. 3) Reabilitagdes retidas por pinos
obtidos pelo sistema CAD/CAM tém resisténcia a fratura semelhante as
reabilitacbes retidas por pinos pré-fabricados. Entretanto, na auséncia da
remanescente coronario, ha grande deformacéo na raiz em dentes restaurados
com pinos de fibra fresados, levando a falhas irreparaveis. Portanto, conclui-se
que materiais que visam a simplificagdo das etapas e o fluxo digital séo
promissores, mas sao necessarios mais estudos para que os pinos de fibra

obtidos pelo sistema CAD/CAM sejam consolidados como primeira alternativa.

Palavras Chave: Pinos Dentarios, Dente nao Vital, Materiais Dentarios
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Abastract

Due to the great loss of coronal structure, endodontically treated teeth usually
require intraradicular retainers to enable and retain coronal restorative material.
In the last decades the glassfber post have been widely indicated as being
aesthetic, presenting the possibility of cementation in a single session and
biomechanical behavior like the dentin structure. The use of glassfiber post is
consolidated in the literature; however, luting is a complex procedure and adds
several steps with high technical sensitivity. Thus, simplified and eliminating
clinical steps are indicated. In this scenario, a novel concept of glassfiber post
obtained by the CAD/CAM system appeared in the market. This new model of
post can be feasible, since they promise a better adaptation to the walls of the
root, increasing the retention by friction, besides the possibility of milling both
the post/core in a single body eliminating the stage of preparation of core in
composite resin. Thus, the general aim of this study is to evaluate, by means of
laboratory studies, simpliced alternatives for luting and confection of fiber
reinforced resin intraradicular retainers. The study was divided into three
specific objectives. Specific objective 1- Evaluate the time when the coronal
dentin hybridization is performed, before or after cementing glassfiber post with
self adhesive resin cements (SARCs), as well the use of SARC as bonding
agent to resin composite core filing. Specific objective 2 — Evaluate the
mechanical properties of flexural proprieties and modulus of the novel concept
of glassfiber post and to evaluate the structural characteristics of fiber and
matrix ratio, fibers per mm2 and presence of voids inside the post. Specific
objective 3 — To evaluate the biomechanical behavior of endodontically treated
teeth rehabilitated with glassfiber post milled by CAD/CAM and its relationship
with the coronaral remaning. The results showed that: 1) The use of sefl-
adhesive only, as hybridization was shown to demonstrate adequate bond
strength to composite resin. The time of coronal dentin hybridization did not
affect the bond strength of composite resin. 2) CAD/CAM milled glassfiber post
have mechanical properties and structural characteristics similar to

prefabricated post. Regardless of the manufacturing method (prefabricated or

milled), voids within the structure contribute strongly to the fragility of post. 3)



CAD/CAM-fabricated glassfiber post had the same fracture resistance of
prefabricated glassfiber post. In absence of remaining coronal dentin,
endodontically treated teeth restored with milled post presents higher strain and
major potential of fractures irreparable. Therefore, it is concluded that materials
that aim to simplify the steps and the digital flow are promising, however more
studies are needed so that the glassfiber post CAD/CAM-fabricated are

consolidated as a first alternative.

Keywords: Dental pins, Nonvital tooth, Dental materials
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1. Introducao e Referencial Teérico:

A reabilitagdo funcional e estética de dentes com tratamento
endodontico tem sido alvo de diversos estudos que buscam compreender as
diferentes propriedades entre dentes vitais e nao vitais (Soares et al., 2007).
Caries extensas ou fraturas por trauma s&o os principais fatores que resultam
em necessidade de tratamento endodéntico e geram fragilizagdo da estrutura
dentaria. Somado a isto, os procedimentos clinicos necessarios para realizar o
tratamento, tais como a abertura para acesso endodéntico (remogao de teto da
camera pulpar), combinado com a perda das cristas marginais, representam os
principais fatores da redugdo de resisténcia destes dentes (Dietschi et al.,
2008; Magne et al., 2016). Além disso, solugdes irrigantes utilizadas para
desinfeccado do canal radicular, como o hipoclorito de sédio (NaOCI) e acido
tetra-acético etilenodiamina (EDTA), interagem com os componentes organicos
e minerais da dentina e produzem alteragdes na estrutura da matriz organica
(Dietschi et al., 2007; Aranda-Garcia et al., 2013; Baldasso et al., 2017). Dessa
forma, varios aspectos devem ser analisados durante a escolha do complexo

reabilitador para que se possa garantir longevidade das reabilitagdes.

A resisténcia do dente tratado endodonticamente esta diretamente
relacionada a quantidade de estrutura dentaria remanescente sendo este um
fator determinante na longevidade do tratamento restaurador (Naumann et al.,
2012; Verissimo et al.,, 2014; Naumann et al., 2018; Soares et al., 2018). O
remanescente dentario foi inicialmente denominado por diversos autores como
férula (Juloski et al., 2012; Naumann et al., 2018) e é referente ao recobrimento
de metal fundido em torno da superficie coronaria do dente destinada ao
reforco da estrutura na regiao cervical. Um efeito protetor, ou “Efeito Férula”,
ocorre devido ao remanescente dentario resistir as tensdes resultantes das
forcas de alavancas exercidas pelo retentor, do efeito de cunha e das forcas
laterais exercidas durante a insergéo e fungao dos pinos (Juloski et al., 2012).
Assim, essa protecdo atua minimizando os efeitos da fadiga mecéanica nas
interfaces, diminuindo a possibilidade de falha do complexo restaurador.

Atualmente, um minimo de 1,0 mm de férula é considerado sufuciente para o



aumento da resisténcia a fratura e melhor padrao de distribuicdo das tensdes

em dentes tratados endodonticamente (Verissimo et al., 2014)

Devido a perda de grande quantidade de estrutura coronaria, a
maioria das reabilitacdes em dentes tratados endodonticamente requer
utilizacao de retentores intrarradiculares como forma adicional de estabilizar e
reter o material restaurador (Assif & Gorfil, 1994; Ferrari et al., 2012; Naumann
et al.,, 2012). Varios sistemas de retentores sao propostos para reabilitacdo
destes dentes, destacando-se os nucleos metalicos moldados e fundidos e os
pinos pré-fabricados (Schwartz & Robbins, 2004). Nucleos metalicos fundidos e
retentores metalicos pré-fabricados possuem alto modulo de elasticidade, nao
se aderem aos tecidos dentarios e podem comprometer a estética (Verissimo
et al.,, 2014). Dessa forma, nas ultimas décadas tém sido indicados como
alternativa aos pinos metalicos, os pinos pré-fabricados de resina reforgcados

por fibra (Soares et al., 2012).

Os pinos de resina reforgados por fibra sdo pinos constituidos em
sua maioria por fibras de vidro ou quarzto envolvidas por uma matriz polimérica
(Zicari et al., 2013). A matriz resinosa € comumente composta por polimeros
como a resina epoxi com alto grau de conversdo em estrutura altamente
reticulada (Lassila et al., 2004). As fibras sado responsaveis pela resisténcia a
flexdo, enquanto a matriz polimérica fornece resisténcia a compressao (Zicari
et al., 2013) assim, as propriedades mecanicas dos pinos de fibra podem ser
determinadas por caracteristicas estruturais e composigéo do pino (Lassila et
al., 2004; Zicari et al., 2013; Novais et al., 2016). As caracteristicas estruturais
incluem integridade, tamanho, densidade e distribuicdo das fibras, bem como a
natureza da ligacao entre a matriz e as fibras (Lassila et al., 2004; Wandscher
et al., 2015). Areas de fragilidade no pino, tais como, vazios presentes na
resina ou descontinuidades ao longo da interface entre as fibras e a matriz,
podem reduzir suas propriedades mecanicas. A composig¢ao do pino confere ao
material a vantagem de possuir médulo de elasticidade semelhante a estrutura
dentinaria e quando estao efetivamente aderidos a estrutura dental, as tensdes
provenientes dos esforgos mastigatorios sdo distribuidas de forma homogénea

ao longo do complexo restaurador (Santos-Filho et al., 2008). Portanto, o
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comportamento biomecanico dos pinos depende das propriedades mecanicas,
como dureza e resisténcia flexural e também da efetiva unido entre pino,

material resinoso e estrutura dentaria (Soares et al., 2008).

Outra grande vantagem dos pinos de fibra é a possibilidade de
cimentacdo em sessdo unica e eliminagcado de etapas laboratoriais. No entanto,
apesar de ser cimentado em sessdo Unica, o procedimento restaurador é
constituido por técnica altamente sensivel e que agrega varias etapas (Sarkis-
Onofre et al., 2014), assim, algumas falhas tém sido relatadas relacionadas a
esta complexidade operatéria. O deslocamento do pino no interior do canal
radicular é a falha mais frequente (Sarkis-Onofre et al., 2014) e pode ser
atribuida a alguns fatores como profundidade radicular (Pereira et al., 2015);
alto fator cavitario (fator C) (Dietschi et al., 2008); procedimentos endoddnticos
prévios a fixacdo dos pinos (Menezes et al., 2008); incompatibilidade de
cimentos resinosos com os sistemas adesivos simplificados (Cheong et al.,
2003) e a variabilidade da dentina intrarradicular (Soares et al., 2007). Outra
falha comumente relatada é a fratura do nucleo de preenchimento na porgao
coronaria, representada pela falha na interface pino e resina do nucleo de
preenchimento (Ferrari et al., 2012). Estudos mostram que tensdes geradas
durante as mastigacbes tendem a se acumular na interface entre o pino e
materiais resinosos, contribuindo para a fragilidade dessa interface (Santos-
Filho et al., 2008).

Cimentos resinosos sao indicados para cimentagdo dos pinos de
fibra e podem ser classificados como cimento resinoso convencional e cimento
resinoso autoadesivo. O cimento resinoso convencional requer multiplas etapas
(caracteristica que ja é inerente a cimentagdo dos pinos), determinando alta
sensibilidade técnica (Faria-e-Silva et al., 2013). Neste contexto, cimentos
simplificados, como o autoadesivo tem ganhado popularidade (Dos Santos et
al., 2014; Sarkis-Onofre et al., 2014). Este cimento tem capacidade de adeséao
aos tecidos dentarios sem a necessidade de condicionamento acido e
utilizagcado de adesivos (Costa et al., 2014), assim, tem demonstrado melhores
resultados de resisténcia de unido (Sarkis-Onofre et al., 2014; Bitter et al.,

2016). As propriedades dos cimentos autoadesivos séo atribuidas a presenca
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de mondmeros metacrilatos modificados por grupos funcionais acidos. Esses
mondmeros permitem a desmineralizagao e a infiltracdo no substrato dentario

resultando em retengc&o micromecanica (Costa et al., 2014).

Embora n&do seja necessaria a hibridizacdo da dentina radicular
quando os pinos de fibra sdo cimentados com cimentos autoadevisos,
recomenda-se a hibridizagcdo do remanescente coronario para a reconstrucao
com resina composta (Bitter et al., 2014). No entanto, ndo existe clareza na
literatura a respeito de qual o melhor momento para realizar a hibridizacdo da
dentina coronaria; antes ou apdés a cimentacdo dos pinos. Além disso, é
razoavel especular que o excesso de cimento resinoso autoadesivo poderia
executar a fungdo de agente de unido ao nucleo de preenchimento de resina.
Esta ideia vai ao encontro das tendéncias atuais de simplificacdo dos

procedimentos e redugao do tempo clinico.

Com o desenvolvimento das tecnologias aplicadas a odontologia, o
fluxo digital e a tecnologia CAD/CAM (computer-aided desing manufacturing)
tem ganhado popularidade em procedimentos restauradores. Recentemente,
um novo conceito de pino de fibra fabricado por CAD/CAM foi proposto. O
canal radicular € moldado e um modelo computacional desse molde é obtido
pelo sistema CAD. O pino intrarradicular € obtido através da fresagem do bloco
pré-fabricado de resina reforgado por fibra (Liu et al., 2010; Tsintsadze et al.,
2017). O uso da tecnologia CAD/CAM para produzir pinos de fibra anatdémicos
pode ser uma opgao viavel, considerando a possibilidade de fresar tanto o pino
quanto o nudcleo em um corpo unico. Desta forma, poderia eliminar a
necessidade de confeccdo do nucleo de preenchimento em resina composta
(Tsintsadze et al., 2018). Além disso, o uso de CAD/CAM para produzir pinos
personalizados poderia garantir uma melhor adaptacéo as paredes do canal,
aumentando a retencdo por atrito, reducdo da espessura da camada de
cimento minimizando a contragdo de polimerizacdo (Silva et al., 2011). No
entanto, ainda ha pouca literatura disponivel sobre propriedades mecanicas e
caracteristicas estruturais desse novo tipo de pino, bem como informagdes
sobre o comportamento biomecanico das reabilitagdes retidas por pinos

fresados por CAD/CAM e sua relagdo como o remanescente dentario.
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2- Objetivos:
2.1: Objetivo Geral:

Avaliar, por meio de estudos laboratoriais, alternativas simplicadas
para cimentacdo e confeccdo de retentores intrarradiculares de resina

reforgado por fibra.
2.2: Objetivos Especificos:
2.2.1: Objetivo especifico 1:

Avaliar qual o melhor momento para hibridizagcdo da dentina
coronaria, antes ou apds a cimentagcao de pinos de fibra de vidro com cimento
resinoso autoadesivo, bem como o uso deste cimento como agente de unido

da dentina coronaria ao nucleo da resina composta.

Este objetivo especifico esta contido no Capitulo 1 desta tese,

intitulado:

Effect of coronal dentin treatment on bond strength of

composite resin core-build in glass-fiber post luting
2.2.2: Objetivo especifico 2:

Avaliar as propriedades mecéanicas de resisténcia flexural e médulo
de flexdo do novo conceito de pino de fibra de vidro fresado por CAD/CAM e as
caracteristicas estruturais de proporgéo fibra/matriz, fibras por mm? e presenca

de bolhas e vazios no interior dos pinos.

Este objetivo especifico esta contido no Capitulo 2 desta tese,

intitulado:

Mechanical properties and structural characteristics of a novel
concept of CAD/CAM fabricated fiberglass posts
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2.2.3: Objetivo especifico 3:

Avaliar o comportamento biomecanico de dentes tratados
endodonticamnte reabilitados com pinos de fibra fresados por CAD/CAM e sua

relagdo com o remanescente coronario.

Este objetivo especifico estd contido no Capitulo 3 desta tese,

intitulado:

Does CAD/CAM-fabricated glass fiber post improve the

biomechanical behavior of endodontically treated teeth?
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3. Capitulos:

Serao apresentados nesta sessao trés artigos separadamente sendo

que cada um corresponde a um capitulo.
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Abstract

This study evaluated the bond strength effect varying the time when
coronal dentin is hybridized and the use of self-adhesive resin cement (SARC)
for hybridization, during simulated glass-fiber posts restoration. The microshear
bond strength (uSBS) specimens was made using dentin substrate obtained
from bovine teeth (USBS). Specimens were allocated to 7 groups: Sa- applying
thin layer of SARC (RelyX U200); C- hybridization with a 3 step etch-and-rinse
adhesive; Un- hybridization a universal adhesive with self-etch technique; CSa-
C followed by SARC; UnSa- Un, followed by SARC; SaC- application of the
SARC prior to hybridization as in C; SaUn- application of the SARC prior to
hybridization as in Un. No statistically significant difference among groups was
observed. The use of RelyX U200 only for hybridization demonstrated adequate
bond strength to composite resin. The time when hybridization on coronal

dentin was performed did not affect the bond strength of composite.
Introduction

Glass-fiber posts (GFPs) have been increasingly used in recent
years compared with other types of posts due to advantages such as improved
esthetics, reduced costs, and less time-consuming technique®. In additional,
the elastic modulus of GFP is closer to dentin, allowing a better stress
distribution to the tooth structure 2, thereby contributing to the formation of a
homogeneous root/cement/post system/core complex?). Failure related to any of
these interfaces might negatively impair the formation of a homogeneous
complex and compromise the success of GFPs restorations. The main reason
for unsuccessful use of GFPs continues to be debonding from the root canal
and fracture of the post/core, due to the complex cementation techniques and

high level of technique sensitivity®).

Resin-based cements are recommended for cementing the GFPs in
the root canal and might be classified as regular resin cement* and self-
adhesive cement (SARCs). Regular resin cement requires multiple-steps and

has a high level of technique sensitivity procedures for post bonding that could
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lead to inappropriate bonding techniques®. In this scenario, simplified luting
agents, such as self-adhesive cements (SARCs) have gained increasing
popularity® 7). SARCs were designed to bond to dental tissues without the need
for any etching, priming and bonding steps®. The use of this type of cement for
luting fiber posts inside root canals has been shown to be more reliable, as
demonstrated in a recently published review of in vitro studies® 9. Additionally,
these resin cements resulted in significantly higher bond strength to root canal
dentin after thermo-mechanical loading'). The adhesive properties of SARCs
are attributed to the presence of methacrylate monomers modified by acidic
functionalities. These monomers allow demineralization of and infiltration into
the dental substrate'” resulting in micro-mechanical retention®). The acidic
groups bond to the calcium in hydroxyapatite, and provide additional chemical

bonding to the tooth structure 1" 12),

Irrespective of the protocol used to lute GFPs, a composite core
build-up is necessary to retain the coronal restoration. For this purpose,
conventional  hybridization  with  different adhesive techniques s
recommended’®). However, coronal substrate hybridization can be performed
before or after the post cementation. Nonetheless, there is lack information
available regarding the best time to perform coronal dentin hybridization; before
or after cementing GFPs. Moreover, it is reasonable to speculate that the
extravasated SARCs themselves might serve to bond the resin composite core
to dentin. Therefore, the purpose of this study was to evaluate the time when
the coronal dentin hybridization is performed, before or after cementing GFPs
with SARCs, as well the use of SARC as bonding agent to resin composite core
filing. The null hypotheses were that bond strength of dentin to the core
material would be not influenced by the time of conventional hybridization, and

use of SARCs only as bond agent.
Materials and Methods

Specimen Preparation
Seventy-seven bovine tooth crowns were used as specimens for
microshear bond strength (uSBS) testing. The teeth were embedded in PVC
cylinders with polystyrene resin (Aerojet, Santo Amaro, SP, Brazil), and the
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buccal surfaces were wet-ground with silicon carbide papers (#60, 150, 240,
600-grit, Norton, Campinas, SP, Brazil) for 60 seconds to exposure the dentin
surface and standardize the smear layer. Specimens were observed under a
stereomicroscope at 40x magnification to verify the presence of remaining
enamel, or pulp exposure. The specimens were rinsed with deionized water and
ultrasonically cleaned to remove debris for 15 minutes. Afterwards, specimens
were randomly allocated to 7 groups (n=11) according to the adhesive
procedures, as described in Table 1. A sample calculation was performed
based on the reported uSBS in the literature'* 1%, considering a mean standard
deviation of 20%, to 30% minimum significant difference among groups, as

clinically significant, a desired power of 80%, and a type | error of 5%.

Table 1. Protocols used for treating the dentin surfaces for each group

Group .
Dentin treatment
code

1. Etching surface with 37% phosphoric acid for 15 s (Condac; FGM,
Joinville, SC, Brazil), rinsed for 15 s and humidity control,
2. Application of primer (Scotchbond Multipurpose; 3M ESPE, St

C Paul, MN, USA), volatilization 20 s and application of single layer of
adhesive resin (Scotchbond; 3M ESPE, St Paul, MN, USA) and light-
cured for 40 s using a light-emitting diode curing unit (Radii-Cal; SDI,

Bayswater, Victoria, Australia) at 1200 mW/cm?

1. Active application of the universal adhesive (Scotchbond Bond
Un Universal; 3M ESPE, St Paul, MN, USA ) for 20 s, volatilization with

compressed air for 5 s and light-cured for 40 s.

1. Application of single layer of self-adhesive cement (RelyX U200;
Sa 3M ESPE, St Paul, MN, USA), waiting to allow chemical cure for 5 min
and light-cured for 40 s.

1. Etching surface with 37% phosphoric acid for 15 s, rinsed for 15 s
and humidity control;
CSa 2 Application of primer wait 20 s and application of single layer of

adhesive resin and light-cured for 40 s.

3. Application of single layer of self-adhesive cement, waiting to
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allow chemical cure for 5 min and light-cured for 40 s.

1. Active application of the universal adhesive for 20s, volatilization
with compressed air for 5s and light-cured for 40s;

unsa 2. Application of single layer of self-adhesive cement, waiting to
allow chemical cure for 5 min and light-cured for 40 s.
1. Application of single layer of self-adhesive cement, waiting to
allow chemical cure for 5 min and light-cured for 40 s;

SaC 2. Etching surface with 37% phosphoric acid for 15 s, rinsed for 15 s,
humidity control;
3. Application of primer waited 20 s and application of single layer of
adhesive resin and light-cured for 40 s.
1. Application of single layer of self-adhesive cement, waiting to
allow chemical cure for 5 min and light-cured for 40 s;

Saun

2. Active application of the universal adhesive for 20 s, volatilization

with compressed air for 5 s and light-cured for 40 s;

Two molds consisting of Tygon tubes (TYG-030, Small Parts Inc.,
Miami Lakes, FL, USA), with internal diameter and height of approximately 1.70
and 1.50 mm, respectively, were placed on the dentin surface and filled with the
micro-hybrid resin composite (Brilliant; Colténe Whaledent AG, Altstatten,
Switzerland). The composite was photoactivated for 40 seconds using a light-
emitting diode curing unit (Radii-Cal; SDI, Bayswater, Victoria, Australia) with
irradiance of 1200 mW/cm?. All experimental procedures were carried out at
room temperature by a single operator and the specimens were stored in

distillated water at 37° for 24 hours.

Microshear bond strength testing (uSBS)

For the uSBS test, a metal jig was coupled to a mechanical testing
machine (OM100, Odeme Dental Research, Luzerna, SC, Brazil), and the
polystyrene cylinder containing the teeth was placed on the device. The Tygon
tubing was carefully removed with a scalpel blade, and a loop made of
orthodontic wire with a diameter of 0.3 mm (NiCr, Morelli, Sorocaba, SP, Brazil)
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was placed around the specimens that were positioned perpendicular to the
testing machine. The uSBS test was performed by stressing specimens until to
failure at speed of 0.7 mm/min. The bond strength of each specimen (MPa) was
calculated according to the following formula:

S=F/A

where F was the force required to failure (N), and A was the bonded
area of the specimens (mm?). Statistical analysis was performed by one-way

analysis of variance (ANOVA) followed by the Tukey post hoc test (a=0.05).

Failure mode analysis

After the test, the fractured specimens were observed under a
stereomicroscope (40x). Failures were classified as adhesive, cohesive and
mixed. Failures were adhesive when no residual resin material could be
observed on the tooth surface; cohesive when dentin/resin was partially

fractured, and mixed when the resin residue partially covered the bonded area.

Results
Results for the microshear bond strength tests are shown in Table 2.

One-way ANOVA showed no significant difference among groups (p=0.749).

Table 2. Means (SD) shear bond strength values of the composite resin to

the dentin (MPa) using different strategy adhesive (n=11).

Strategy adhesive MPa (SD)
C 9.08 (5.45)A
Un 12.55 (4.63) A
Sa 11.71 (4.66) A
CSa 12.32 (6.57) A
UnSa 12.08 (5.50) A
SaC 11.84 (2.83) A
Saun 12.62 (5.62) A

* Same Capital letters in each line indicate statistical similarity (p=0.749)
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The failure mode distribution for all groups is presented in Figure 1.
In general, adhesive failures were predominant irrespective of group. A
significant number of cohesive and mixed failures was also observed for CSa,
SaC and Un.
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Figure 1 - Distribution of failure modes among groups (%).

Discussion

Glass Fiber Posts (GFPs) are frequently used nowadays, however
bonding to root canal dentin is still a challenge due to the limited access,
visibility and reduced number of dentinal tubules in the apical third of the root'®).
In addition, the C-factor inside the root canal has been shown to be extremely
high') and previous endodontic treatment could affect the bond strength of
GFPs” '8, Regular resin cements require multiple bonding steps and might
affect post retention. The use of etch-and-rinse adhesives is technique-

sensitive, because it requires control of dentin moisture and adhesive solution
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infiltration into the root canal®. In this scenario, SARCs appear to be a suitable
and less technique-sensitive option than luting strategies that involve
pretreating the canals with adhesive solutions, and their application is

accomplished in a single clinical step® ).

Although no hybridization of root dentin is necessary when SARCs
are used for luting GFPs, prior coronal reconstruction by using resin composite
is recommended to hybridization of the coronal dentin remaining®). The
outcomes of the present study showed that the different times when the
hybridization of coronal dentin was performed did not affect the bond strength to
composite. Moreover, the use of SARC for hybridization did not influence bond

strength either, thus we accepted the null hypothesis

The main bonding mechanism of SARCs is attributed to a chemical
reaction between phosphate methacrylates and the calcium present in dentin
and enamel tissues 3 5 1. 12.19) The phosphoric acidic methacrylates promote
the intrinsic acidity of SARCs & and their low pH demineralizes the tooth hard
tissue simultaneously allowing resin infiltration’® 29, Another property of SARCs
is that they require water (as a constituent of the cement, or available in the
bonding substrate) to ionize the acidic monomers and allow their interaction
with the dental structures'). This includes ionizing the acid monomers coming
into contact with the water present in the dental structure, and releasing H* ions
that promote etching?"). During the polymerization reaction of resin cement,
when the resin components penetrate into the intertubular dentin and diffuse
through dentinal tubules, the acid monomers are neutralized by the calcium in
dental tissue, and the pH of the material becomes neutral?!). Thus, even without
the conventional hybridization with adhesive systems, the Sa group (use of

SARCs only) presented ySBS values similar to values of other groups.

When the GFP is cemented in the root canal, excess cement is
generated in the coronal chamber, and this might bond to coronal dentin. In this
study, this step was simulated when a thin layer of SARCs was applied on the
dentin surface and the composite resin specimens were immediately built up. A
reduced amount of unreacted monomers on the surface of cured cement

probably reacted with the resin composite ©). In a previous study, Bitter et al.
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analyzed an experimental SARC as core build-up material in a one-stage post-
and-core-procedure, however, no satisfactory results were found. Whereas, in
the present study, the use of SARCs as bonding agents, was an attempt to

eliminate steps to reduce the technique sensitivity and clinical time.

Otherwise, the conventional strategy for coronal dentin hybridization
is to use an adhesive system. Dental adhesive systems can be classified into
two main categories according to different bonding techniques to dental
substrates: the etch-and-rinse and self-etch systems?? 2%), Although etch-and-
rinse adhesives continue to be adequate adhesive systems, the current trend is
to use less sensitive techniques with simplified self-etching materials?? 24).
Universal adhesives are the latest generation of adhesives available on the
market?¥), and are named multimode or universal since they can be used in
either self-etch or etch-and-rinse approaches?¥. Universal adhesives in self-
etch application are easy-to-use; have a faster application procedure; and are
less susceptible to differences in the operator’s technique, when compared with
multi-step etch-and-rinse adhesives, leading to their increasing popularity. The
mechanism for bonding to enamel and dentin, which involves the use of
adhesive systems, promotes a micromechanical bond to the previously acid-
etched enamel and the formation of a hybrid layer on dentin?Y). The general
mechanisms for adhesive bonding to dentin are essentially based on superficial
demineralization, followed by infiltration of resin monomers, which upon
polymerization become micro-mechanically interlocked in the collagen fibrils?).
Self-etch adhesives contain acid resin monomers that simultaneously “etch” and
“‘prime” the dental substrates and do not require a prior phosphoric acid etching
step®. In this study both strategies yielded similar bond strength values
corroborating the findings of other studies?®). The application of SARCs before
or after adhesive systems did not affect the bond strength. Probably, the
interaction between polymer matrices and adhesive systems occurred
satisfactorily when the resin cement excess came into contact with coronal
dentin resulting in bond strength similar to that produced by adhesive system

application.
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Various methods are used to evaluate bond strength, including
tensile, shear, microtensile, and MSBS tests?®). Several studies have evaluated
the bond strength of cements to dentin using the microtensile test. However,
evaluating bond strength by means of microtensile testing might be problematic
because the cutting procedure to obtain the beams produces defects on the
corners of the sticks, resulting in high levels of defects that compromise
testing®® 26: 27). Thus, due to various interfaces tested and possibility of sample
failure during cutting in this study, the shear test was chosen. On the other
hand, the shear bond strength test presented many cohesive failures in the
substrate due to non-uniform stress distribution concentrated in the substrate at
time of the test?). Therefore, cohesive or mixed failures were found in this

study.

The common failures of restorations with GFPs are post and crown
debonding or post fracture, which are usually combined with core failure,
especially in teeth with few coronal walls?®). Thus, the bonding ability between
the core and dentin is fundamental for longevity of restoration complex.
Nonetheless, the core/dentin bonding surface area was small, the position was
near the fulcrum, which was in a critical area®®. Furthermore, the number of
steps in the bonding procedure is an important factor in obtaining more reliable
and stronger bond between the resin and dentin?®. The clinical procedure of
luting GFPs is complex, due to many bonding surfaces: root/cement,
cement/post, post/resin and resin/coronal dentin. In this scenario, the use of
excess SARC as bonding agent might be an alternative to simplify procedures
and reduce the possibility of errors. In addition, application of an adhesive
system allied to SARCs on coronal dentin create a new adhesive interface that
could be prone to failure®?). Therefore, the idea of using the SARCs as bonding
agent was consistent with the current trend to overcome the technique
sensitivity of multiple-step systems by eliminating steps. Nevertheless, the
results of this study are specific to the products used, other SARCs may behave
differently. Thus, it is risky to generalize the results and make clinical
recommendations. In addition, the study does not test long-term clinical

performance, so further studies should thus be performed to accessed this.
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Conclusion

Within the limitations of this study, the use of SARCs only, as
hybridization was shown to demonstrate adequate bond strength to composite
resin. The time of coronal dentin hybridization did not affect the bond strength of

composite resin.
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Abstract: This study assessed and compare the mechanical properties and
structural characteristics of CAD/CAM fiberglass posts (FGPs) and
prefabricated FGPs. Two prefabricated FGPs (n=10) - Exacto and
WhitepostDC - were used in comparison with milled FGPs. A 3D virtual image
was obtained from a prefabricated FGP, which guided the posterior milling of
FGP from a fiber-reinforced composite disk (FiberCAD Post & Core). The FGPs
were scanned using micro-CT after being loaded in a three-point bending test to
calculate both flexural strength (of) and flexural modulus (Ef). The cross-
sections of the posts were examined by means of SEM. Data were submitted to
one-way ANOVA and Tukey test (p<0.05) or Kruskal-Wallis test and post hoc
Dunn’s test (p<0.05). Correlation between the mechanical properties and
structural variables was calculated by Pearson’s correlation coefficients
(p<0.05). The results show that WhitepostDC had a significantly higher
percentage of pores compared to Exacto (p=0.012) and FiberCAD Post & Core
presented an intermediate percentage. Exacto had significantly higher of and Ef
(p=<0.001) when compared to WhitepostDC. FiberCAD Post & Core presented
intermediate values of of, and similar Ef to WhitepostDC. Fiber/matrix ratio of
FiberCAD Post & Core was significantly higher than Exacto (p=0.004) and
WhitePostDC (p<0.001). Exacto and WhitePostDC presented a similar amount
of fibers per mm? and a higher amount than FiberCAD Post & Core. In
conclusion, CAD/CAM FGPs have mechanical properties and structural
characteristics similar to prefabricated FGP. Regardless of the manufacturing

method, voids inside the structure contribute strongly to the fragility of FGP.

Key word: Dental Materials, CAD/CAM, Dental Pins.

Introduction

Over the past few decades, fiberglass post (FGP) has been widely
used to endodontically restore treated teeth with a severe loss of dental
structure to improve the retention of the build-up material, as an alternative to
metallic post-and-cores.! The advantages of FGP include an elastic modulus
akin to dentin which reduces stress arising at the interfaces, mimicking the

mechanical behavior of a natural tooth.? 3 Failure related to any
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post/resin/dentin interfaces might impair the formation of a homogeneous
complex and increase the risk of a post/core fracture.? Studies have reported
that fracture of the post/ core and debonding of the post commonly occur in
FGP-retained restorations.*®

Current FGPs are composed of unidirectional fibers (quartz or glass)
embedded in a resin matrix." 7 Matrix polymers are commonly epoxy polymers
with a high degree of conversion and a highly cross-linked structure.? Fibers are
responsible for resistance against flexure, while the resin matrix provides
resistance against compression stress.” The mechanical properties of FGPs
may be determined by structural characteristics and the post composition.® 7-°
These characteristics include integrity, size, density and distribution of the fibers
as well as the nature of the bond between the matrix and the fibers, which may
be the determining factors for different flexural strength values.® '© Areas of
weakness in a FGP, such as voids, present within the resin or in the
discontinuities along the interface between the fibers and matrix, may reduce
their mechanical properties.’

Due to the development of dental material and technology,
computer-aided design and computer-aided manufacturing (CAD/CAM)
technology has become popular in restorative procedures'' and a novel concept
of CAD/CAM fabricated FGP has been proposed.'? '3 The use of CAD/CAM
technology to produce anatomic custom intraradicular retainers seems a viable
option, especially considering the possibility of milling both the post and core,
which would eliminate the need for a composite resin to build-up a resin core'
and reduce failures in post/resin interface. Moreover, the use of CAD/CAM to
produce customized post and cores could ensure a better adaptation of the post
to the canal walls, increasing frictional retention, reducing cement layer
thickness and minimizing polymerization shrinkage.'® However, there is a gap in
the available literature regarding mechanical properties — flexural strength and
flexural modulus - and structural characteristics, such as fiber/matrix ratio, fibers
per mm? and presence of voids inside the CAD/CAM FGP. Therefore, the
present study was conducted to assess the mechanical properties of the novel
concept of FGP and to evaluate the structural characteristics by means of

scanning electron microscopy (SEM) and Micro-CT Analysis. Besides, we
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attempted to evaluate a possible correlation between the analyzed variables.
The null hypothesis was that there is no difference between mechanical and
structural characteristics of FGPs milled by CAD/CAM and prefabricated FGPs.

Methodology

Sample Preparation

Different types of fiber posts were evaluated (n=10): two
prefabricated FGPs — Whitepost DC #3 (FGM; Joinville, Brazil, n. lot: 43776)
and Exacto #3 (Angelus; Londrina, Brazil, n. lot 8219); and a CAD/CAM FGP.
The pre-fabricated FGPs were conical but tapered at the apex, translucent, 20
mm in length and about 2 mm in diameter in the cylindrical part. For production
of CAD/CAM FGP, Exacto post was digitized with a bench-top scanner
(Ceramill Map 400, Amann Girrbach AG, Koblach, Austria) and modeled with
design software (Ceramill Mind, Amann Girrbach AG). The posts were milled on
the Ceramill Motion 2 (Amann Girrbach AG) with water-cooling using a
fiberglass-reinforced epoxy-resin block (FiberCAD Post & Core, Angelus, lot
number: 200218).

Micro-CT Analysis

For evaluation of presence of bubbles and voids the posts were
mounted on a custom attachment, and scanned in a micro-CT scanner
(SkyScan 1272; Bruker-microCT, Kontich, Belgium). The scanner was operated
at 100 kV and 111 mA (0.5-mm Al/0.038- mm Cu filter). The resolution used
was 1632/1092 pixels- 15 ym. The scanning was performed by 360° rotation
around the vertical axis with a rotation step of 0.7. Images of each specimen
were reconstructed (NRecon v., Bruker-microCT) providing axial cross-sections
of their inner structure. CTAN v. software (Bruker-microCT) was used for the 3-
dimensional (3D) (volume, surface area and structure model index) evaluation
of the root canal (Fig. 1). CTVol v. software (Bruker-microCT) was used for

visualization and quantitative evaluation of the specimens.'”
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Figure 2 - Micro-CT evaluation. 3D reconstruction of FGP (A — Exacto, D — FiberCAD Post & Core and G
— WhitepostDC); 3D reconstruction of slices showing the presence of bubbles in FGP (B — Exacto, E -

FiberCAD Post & Core and H — WhitepostDC); slices showing the

Three-Point Bending Test

A three-point bending test was used to measure the mechanical
properties of all specimens in a mechanical testing machine (EMIC DL2000;
EMIC, Sao José dos Pinhais, Brazil) using a 500 N load cell and 0.5 mm/min
crosshead speed. The mechanical test consisted of positioning the sample on
two supports, which define the length of the span distance of the test and
applying the vertical load at the mid-point of the specimen.'® The two supports
and the central loading rod had a 2.0 mm cross-sectional diameter. To reduce
the influence of the conical end of the posts, the length of the span between the
supports was 6.0 mm to assure testing only on the parallel portion of the post.'”
The diameter of each sample was measured at the point where the load was
applied using a digital micrometer (Mitutoyo, Japan). The flexural strength (o7)
and flexural modulus (Ef) were calculated using the following equations:

0f = 8Fmax L/mrd3
Er= 4FMaxL®/(D3md*)

where FMax is the applied load (in Newtons) at the highest point of
the load—deflection curve, L is the span length (6.0 mm), d is the diameter of the
posts (in mm), and D is the deflection (in mm) corresponding to load F at a point

in the straight-line portion of the curve.’®
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Scanning Electron Microscopy (SEM) Evaluation

All tested FGP were cross-sectioned using a diamond saw (Isomet,
Buehler, Lake Bluff, USA) for evaluation of fiber/matrix ratio and fibers per mm?
.The sectioned surface was embedded in polymethyl methacrylate resin
(Instrumental, Instrumentos de Medigado Ltda, Sdo Paulo, Brazil) and polished.
The finishing was first carried out with silicon carbide paper following the 600,
800, 1200, and 1500 sequence (Norton S/A, Campinas, Brazil) grit size under
running water; the surface was then polished by felt discs (Polishing Cloth,
METADI, Buehler, USA) with diamond paste (6, 3, 1, M V4; Arotec, S&o Paulo,
Brazil). The specimens were ultrasonically cleaned in deionized water for 10
min and then were mounted on metallic stubs before being sputtered with gold
in an ion-sputtering device (Bal-Tec SCD 050, Balzers, Germany). Finally, the
specimens were analyzed under a SEM (VO MA 10, Carl Zeiss, Germany) at
the same magnification (x80, x500 and x1000) and operated at 15 kV. The SEM
micrographs of the FGPs were analyzed using an image processing and
analysis program (Imaged, NIH, Bethesda, USA). The number of fibers and the
area occupied by the fibers per square millimeter of the post area were

measured.

Statistical analysis

Data analysis was carried out using SigmaPlot 12.0 software (Systat
Software Inc., San Jose, USA) and subjected to one-way analysis of variance
(ANOVA) and multiple comparisons were applied using the post hoc Tukey test
to identify the influence of particularities of FGP on the mechanical properties
and structural characteristics at a 0.05 significance level. Variables that did not
present normal data distribution (flexural strength and quantity fibers per square
millimeter) were analyzed by the Kruskal-Wallis test and post hoc Dunn'’s test at
a 0.05 significance level. To verify the correlation between the mechanical
properties (flexural strength and flexural modulus), and the structural
characteristics (number of fibers per mm?, fiber/matrix ratio [%] and porosity
[%]) for all FGP, we used Pearson’s correlation coefficients test at a significance

level of a=0.05.
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Results

The percentage of voids found in each FGP was significantly different
(p=0.016) and are shown in Figure 2. Whitepost DC had a significantly higher
percentage of pores compared to Exacto (p=0.012) and Fiber CAD Post & Core

presented intermediate percentage.
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Figure 3 - Micro-CT analysis results - Mean values and standard deviation of volume of pores in FGP

structure.

The results for the mechanical properties tested are shown in Table
1. The FGP type had significant effect on of and Ef (p=<0.001). Exacto FGPs
had significantly higher of and Ef when compared to the Whitepost DC FGPs.
Fiber CAD Post & Core presented intermediate values of of, and similar Ef of
Whitepost DC GFPs.

Data expressing structural characteristics are in Table 2. The post
SEM images revealed differences between the tested FGP (Fig. 3). Fiber/matrix
ratio of FiberCAD Post & Core was significantly higher than Exacto (p=0.004)
and White PostDC (p<0.001), yielded the lowest ratio. Exacto and Whitepost
DC presented similar amount of fibers per mm?2, which, in turn, was higher that
FiberCAD Post & Core. A negative correlation was only observed between

flexural strength and porosity (%) (r = -0.799; p<0.011). The fiber matrix/ratio
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and amount of fiber per mm? presented no correlation with flexural strength or

modulus (Speraman, p > 0.05).

Table 1. Mean (SD) flexural strength (o) and flexural modulus (Ef) for the different

FGPs tested (n=10).

Fiberglass post * or (MPa) E: (GPa)
Exacto 49112 (20.11) A 21.0(15) A
FiberCAD Post & Core 44918 (41.02) AB 17.66 (2.3) B
WhitepostDC 399.47 (23.49) B 17.90 (2.4) B

*For each mechanical property, a distinct uppercase in each line indicates significant

differences (p<0.05).

Table 2. Mean (SD) fiber/matrix ratio, number of fibers per mm? and post-diameter (mm)

of post tested (n=10).

Fiber/matrix ratio Number of fibers Post Diameter

Fiberglass post *

(%) per mm? (mm)

Exacto 61(4.2)B 1139 (213.21) A 1,96
FiberCAD Post & Core 69 (4.8) A 900 (85.16) B 2,15
Whitepost DC 54 (5.9)C 1375 (434.91) A 1,94

*For each mechanical property, a distinct uppercase in each line indicates significant

differences (p<0.05).
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A similar pattern of distribution and size of the fibers was observed in

each FGPs for Exacto (Figure 3 A, B and C) and FiberCAD Post & Core (Figure
3 D, E and F). While Whitepost DC presented large spaces filled only with

matrix and different fiber diameters (Figure 3 G, H and |). Pores were observed

in all posts; however, they were seen more frequently in Whitepost DC and

FiberCAD Post & Core. Defects in interface between fiber and resin matrix were

observed in some images of FiberCAD Post & Core (Figure 3 F).
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Mags 100KX Tems 926:03 WO =116 mm
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Discussion

In this study, flexural properties and structural characteristics of

different concepts of FGP were evaluated. CAD/CAM FGPs have demonstrated

superior flexural strength than that WhitepostDC and similar to that of Exacto.

Overall, the structural characteristics were similar to both prefabricated FGPs,

thus, the null hypothesis was accepted. Glass, quartz, carbon and ceramic
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fibers have been used for fabrication of endodontic posts.” FGPs tested in this
study contain e-glass fibers (electric glass) that consist of SiO2, CaO, B:20,
Al20, and a few other oxides of alkali metals in the amorphous phase.® FGP
resin matrix generally consists of epoxy or methacrylate resin with a high
degree of conversion and a highly cross-linked structure, to which fillers and
radiopaque agents are added as well. Few systems also contain PMMA chains
of high molecular weight." The manufacturers of the tested FGP report the same
composition, therefore it is reasonable to speculate that the differences in the
mechanical properties are related to the differences in the structural

characteristics, such as presence of voids, fiber/matrix ratio and fiber per mm?2.

The addition of fibers to a polymer matrix leads to a significant
increase in the physical properties of polymer-based materials. The increase of
fiber density in FGP may occur with an increase in the number of fibers or in the
diameter of the fibers. Thus, the posts that exhibit a higher fiber/matrix ratio or
high fiber/mm? are expected to yield a greater fracture resistance;® '” however,
no correlation was found between these variables in this study. Although
FiberCAD Post & Core have the highest fiber/matrix ratio, they yielded
intermediate values of flexural strength. Whitepost DC and Exacto had the
same quantity of fiber/mm?; however, Exacto had highest flexural strength.
These results show that the fiber density contributes only partially to the
mechanical performance of the FGP and the individual properties of the fiber
and matrix may be substantial.” This outcome corroborates earlier studies that
revealed that higher fiber content does not yield better mechanical properties."
18,19 Fiber and matrix differences in the FGP posts (volume fraction of fibers,
orientation and thickness, bonding to resin matrix, polymerization-induced
stress, manufacturing process, global integrity of the posts, and intrinsic
properties of fibers and matrix) are especially important to understand the

flexural strength and flexural modulus of FGP posts.'%. 18,20

The first concern is that failure results from a small structural defect
such as a void or microcrack within the material. Therefore, potential areas of
weakness in a FGP should be observed in the voids within the resin or in the

discontinuities along the interfaces between the fibers and matrix." 7> '® The
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porosity analysis using  MicroCT (Figure 1) demonstrate a high pores
percentage in Whitepost DC, which yielded low values of flexural strength and
modulus, confirming the linear correlation of the two variables. Some previous
studies highlighted the effect of the fiber/matrix ratio, fibers per square
millimeter and other structural characteristics on the flexural properties of fiber
posts.” 7 8 1819 Regrettably, they revealed contradictory results. All of these
studies mention that voids and bubbles within the FGP may weaken the
structure, but few have quantitatively assessed this. The bubbles and voids can
be evaluated by means of micro-CT technology, which was able to
nondestructively measure the volume and percentage of bubbles and voids
within the materials and structures.?" 22 Micro-CT system using microfocal spot
X-ray sources and high-resolution detectors allow projections rotated through
multiple viewing directions to produce 3D reconstructed images of samples.
Since the imaging process is nondestructive, the internal features of the same
entire sample may be examined.?! These findings confirm that empty areas
within the post may act as voids and initiate cracks propagation weakening the
entire structure. Thus, even with a high percentage of fibers in its structure
FlberCAD Post & Core did not yield the best values of flexural strength. This
leads us to believe that the presence of voids is probably related to the
manufacturing process during fiber agglutination’, mainly in the FlberCAD Post

& Core which need to be agglutinated in a larger amount.

Exacto and WhitepostDC FGP consist of fibers with diameters much
smaller than the FiberCAD Post & Core. The fiber diameters in the
WhitepostDC (Fig. 21) were non-homogeneous compared to the other systems.
The variation in the diameter of fibers was remarkable; in some cases, there
were small diameter fibers located next to areas of large diameter fibers.
However, the flexural strength and flexural modulus were not affected by
differences in the fiber diameters of the FGP posts. The type and stiffness of the
fiber reinforcement are dominant over the properties of the organic matrix.3
Although this characteristic does not affect the mechanical properties of FGP, it
is important to note that there is a lack of standardization during the
manufacturing process of FGP. This can also be attested by the high variation

in sample data within the WhitepostDC group. Thus, we assume that there may
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be differences in the characteristics and property of the FGP from one lot to

another.

If the bond interface between the fibers and the matrix is inadequate,
poor mechanical properties may be expected.?* A better total interface area
(fiber and matrix) will result in better mechanical interlocking and increase
stiffness and flexural modulus.?® This relationship between the interface and
stiffness could explain the low flexural modulus for WhitepostDC. Another
aspect that affects FGP flexural modulus is diameter: the higher the diameter,
the lower the flexural modulus tends to be. CAD/CAM technologies involve
scanning, software, and machine procedures, each single step could lead to
inaccuracy.?® For other materials (e.g. ceramics and metals), there are
parameters to minimize these ditches and there is still a lack of these
parameters for the material used in this study. Probably because of this, the
milled post presented higher diameters. Because the three-point bending test is
determined by the span distance, the post design and diameter of the post,
differences in the diameter may affect the flexural response.?* The higher order
diameter term in the expression used to calculate the flexural modulus - d*
(4FmaxL3/D31md*) compared to the expression used to calculate the flexural
strength - d3 (8Fwmax L/TTd®) indicates that the flexural modulus has a higher
sensitivity to changes in the diameter.’” FiberCAD Post & Core presented better
value of flexural strength e lower flexural modulus likely owing to this. While a
high flexural strength is essential to enhance the durability of restoration and
fracture resistance during function, a low flexural modulus may avoid stress
concentration and effectively prevent root fractures.! All FGP systems evaluated
in this study exhibit a flexural modulus which is in the same range of that of

dentin.

Surface treatment of fibers and their impregnation in resin and
position and water absorption by the matrix are important factors that need to
be considered for mechanical properties of FGP.?” FiberCAD Post & Core
require water cooling for milling and it may cause water absorption by the matrix
and jeopardize the mechanical properties. The fiber-reinforced composites

(FRC) exposed to water can destroy the fiber—polymer matrix bond, which

45



results in an irreversible reduction of strength of the FRC.?” Moreover,
plasticization of the polymer matrix by water molecules may occur.?” This
probably explains why the FiberCAD Post & Core SEM images demonstrated
some defects in interface between fiber and resin matrix. An important factor
that needs to be taken into account is the curing process, which has been
proven to influence the hardness and flexural properties of a composite resin
surface treatment of the fibers;' however, much of this information is

manufacturing secret.

Prefabricated FGPs are widely used in the restoration of
endodontically treated teeth and their use is consolidated in the literature.5 28 2°
The relevance of using CAD/CAM-fabricated fiber posts in clinical practice lies
in the possibility to combine the advantages of traditionally custom-made posts
and the prefabricated FGP. Such posts may have better fit to the post space as
well as the modulus of elasticity close to that of dentin, which is considered one
of the main advantages of fiber-reinforced composite material.>® Moreover, this
process can allow for a cement layer of minimum thickness, simplifies the
technique by reducing clinical steps, and eliminates the necessity to adhesively
bond a composite resin to build-up an adequate core for assisting restoration
retaining, creating a monolayer intraradicular retainer system.'3 14 31
Nevertheless, CAD/CAM FGPs would require a longer appointment for scanning
of the post space, an additional clinical step for the impression of the post, and
a main prerequisite is a chair-side CAD/CAM device in the dental office.
Therefore, fabrication of FGP may represent an additional option for the
practitioners already working with a CAD/CAM chair-side system and also for
the dental laboratories using the digital workflow.3° This study was not an
assessment of the FGP’ behavior inside the oral cavity, but, instead, it reflected
the properties of the materials themselves. Further studies should thus be
performed to evaluate the fatigue factors to better understand the effectiveness
and durability of the CAD/CAM FGPs and to evaluate the behavior of the posts
cemented in roots for their clinical use to be consolidated. That type of analysis
may help verifying whether the structural defects of the posts affect their long-

term use in the clinical setting as well as the stress distribution.”> 32
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Conclusion

CAD/CAM milled FGP have mechanical properties and structural
characteristics similar to prefabricated FGP. Regardless of the manufacturing

method (prefabricated or milled), bubbles and voids within the structure

contribute strongly to the fragility of FGP.
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Abstract

Introduction: The aim of this study was to evaluate the effect of CAD/CAM-
fabricated glass fiber post (GFP) rehabilitation and the amount of remaining
coronal dentin on biomechanical behavior of endodontically treated teeth (ETT).
Methods: Forty bovine incisors were selected and divided into 2 groups — with
1 mm of remaining coronal dentin and without remaining coronal dentin. Then,
subdivide in more 2 groups (n=10): post-retained whit prefabricated GFP and
CAD/CAM-fabricated GFP. A 3D virtual image was obtained from an impression
of root canal, which guided the posterior milling of GFP from a fiber-reinforced
composite disk. After GFP luting, the teeth were load cycled at a 135-degree
angle, load to perform strain measurements, and were then loaded until
fracture. The strain and fracture resistance results were analyzed with 2-way
analysis of variance and the Tukey honestly significant difference test (a>05).
Results: For strain, the teeth without remaining and milled GFP had higher
strain, while teeth restored whit prefabricated GFP had lower strain (p<0.001).
Regardless of the type of GFPs, teeth with remaining coronal dentin presented
higher values of resistance (p=0.017). The teeth whit prefabricated GPF
presented greater amount of favorable fracture and teeth with milled GFP and
whithout remaining presented greater number of irreparable fractures.
Conclusion: CAD/CAM-fabricated GPF had the same fracture resistance of
prefabricated GFP. In absence of remaining coronal dentin, ETT restored with

milled GPF presents higher strain and major potential of fractures irreparable.

Key Words: Endodontically treated teeth, post and core technique,
CAD/CAM
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Introduction

Endodontically treated teeth (ETT) are generally considered weaker
and more susceptible to fracture than vital teeth (1). The main change in the
biomechanical behavior is attributed the considerable loss of tooth structure (1)
that often requires a post-retained fixed prosthetic restoration (2, 3).
Preservation of sound radicular and coronal tooth tissue and especially
presence of ferrule are important factors for enhancing the biomechanical

behavior compromised ETT (4).

Glass fiber post (GFP) have widely been used to improve the
restoration retention of ETT (5). The major advantage of the GFP is they have
an elastic modulus that is similar to dentin, which results in a more even
distribution of occlusal loads through the root (6-8). However, the clinical
procedure of luting GFPs is complex, due to the various steps involved in the
process. The application of computer-aided design/computer-aided
manufacturing (CAD/CAM) restorations provides innovative, state-of-the-art
dental service, and its application has increased significantly in the last years
(9), thus a novel concept of GFP CAD/CAM-fabricated has been proposed (10,
11). The use of CAD-CAM technology to produce anatomic custom GFP seems
a viable option, especially considering the possibility of milling both the
post/core, which would eliminate the need for a composite resin to build-up a

resin core (12) and reduce failures in post/resin interface (3).

However, there is lack information available regarding the
biomechanical behavior of ETT restored with CAD/CAM milled GFP and the
role of the ferrule effect in this rehabilitation. Thus, the aim of this in vitro study
was to evaluate the effect of the type of post and the amount of remaining
coronal dentin on the biomechanical behavior of ETT. Two hypothesis tested
was that strain, fracture resistance and failure mode would not be affected by
the different (1) GFP - milled or prefabricated - or (2) amount of remaining

coronal dentin.
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Materials and Methods
Sample preparation

Forty bovine roots of similar size and shape were selected by
measuring the buccolingual and mesiodistal widths, allowing a maximum
deviation of 10% from the average. The crowns were sectioned perpendicularly
to the long axis up to 14.0 mm for the specimens with 1.0 mm of remaining, and
13.0 mm from the apical limit for the specimens without remaining. Root canals
were instrumented and endodontically treated with gutta percha points
(Dentsply Maillefer, Ballaigues, Switzerland) and calcium hydroxide-based
cement (Sealer 26; Dentsply). The roots were then embedded in an
autopolymerizing polystyrene resin (AM 190 resin; Aerojet, S&o Paulo, Brazil) 2
mm below the cervical limit, and the periodontal ligament was simulated with
polyether impression material (Impregum Soft; 3M ESPE, St. Paul USA) (13).
After, the specimens with 1.0 mm of remaining and the specimens without
remaining were subdivided into 2 subgroups (n=10) according to the type of
post/core: prefabricated (Exacto, Angelus, Londrina, Brazil) and milled
(FiberCAD Post & Core, Angelus).

CAD/CAM milled GFP preparation

The post space was prepared by removing the gutta percha to a
length of 10 mm for specimens without remaining and 11 mm for specimens
with 1.0 mm of remaining. For CAD/CAM milled GFP fabrication, prefabricated
polycarbonate patterns (Nucleojet; Angelus) were used to standardize the
coronal portion. The patterns were aligned by using autopolymerizing acrylic
resin (Duralay; Reliance Dental Mfg Co). The patterns were digitized with a
bench-top scanner (Ceramill Map 400+, Amann Girrbach AG, Koblach, Austria)
and modeled with design software (Ceramill Mind, Amann Girrbach). The one-
piece post/cores were milled on the Motion 2 (Amann Girrbach) with water
cooling using a glass-fiber reinforced epoxy-resin block (FiberCAD Post & Core,

Angelus). After milling, the customized post and cores were checked for correct
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fit and adjusted as necessary with an multilaminated burs (#218, Angelus Prima

Dental, Angelus).
Post and Crowns Cementation

Prefabricated (Exacto #3, Angelus) and milled GFPs were treated
with a 35 % hydrogen peroxide (Whitness HP 35%, FGM, Joinville, Brazil) for 1
minute, after drying, a silane coupling agent (Prosil; FGM) was applied for 1
minute and one layer of bond (Clearfil SE Bond, Kuraray, Tokyo, Japan) was
applied. Both post systems were cemented by the same protocol. The post
space was cleaned with EDTA for 1 minute (Edta Trissédico Liquido,
Biodinamica, Ibipora, Brazil), and the self-adhesive resin cement (RelyX U200;
3M ESPE) was manipulated and inserted in the canal with syringe (Sistema
Centrix, Nova DFL, Rio de Janeiro, Brazil). After 5 minutes, light activation was
performed for 60 seconds in each face (BluePhase G2, Ivoclar Vivadent,
Schaan, Liechtenstein). Composite resin cores (Filtek Z350; 3M ESPE) were

fabricated in 2-mm increments and light polymerized for 30 seconds.

All the specimens were prepared with a tapered, rounded-end
diamond rotary cutting instrument (no. 4138; KG Sorensen) in a high speed
handpiece with water spray. The crowns was make with Ni-Cr alloy (FIT
CASTSB Plus, Curitiba, Brazil) directly on the specimens and cemented with
self-adhesive resin cement (RelyX U200; 3M ESPE).

Mechanical Fatigue Cycling

Mechanical fatigue cycling was used to simulate chewing (Biocycle,
Biopdi, Sédo Paulo, SP, Brazil). The samples were immersed in water at
approximately 37° C and were cycled 1.2 X 108 times at a 0 to 50-N | be
positioned at a 135-degree angle to the long axis of the specimen load with a 2-
Hz frequency and an 8-mm-diameter stainless-steel sphere on the occlusal,

simulating five years of aging (14).
Strain measurement tests and fracture resistance

Five specimens of each subgroup were selected for the strain gauge

measurements. The strain gauge (01.06.120.LEN; Excel Sensores, S&o Paulo,
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Brazil) grid had an area of 1 mm? and an electrical resistance of 120 U and was
placed at the proximal surface in a transverse direction; were placed 1.0 mm
below the cervical limit of the root. The strain gauges were bonded to the tooth
with cyanoacrylate resin adhesive (Super Bonder; Loctite, Brazil) and
connected to a data acquisition device (ADS0500IP; Lynx, Sao Paulo, Brazil).
Each specimen was positioned at a 135° to the long axis of the teeth and
subjected to a nondestructive ramp load from 0 to 100 N a crosshead speed of
0.5 mm/min (DL2000; EMIC, S&o Jose dos Pinhais, Brazil). The data were
transferred to a computer by using specific acquisition signal transformation and
data analysis software (AQDADOS 7.02 and AQANALISYS; Lynx). After the
strain measurements, all the specimens were loaded until fracture. The load
required (N) to fracture the specimens was recorded by a 5 kN load cell
hardwired to software (TESC; EMIC). The fractured specimens were evaluated
to determine the failure modes: (l) post or core fracture, (ll) root fracture in the
cervical third, (lll) root fracture in the middlethird, (IV) root fracture in the apical
third, and (V) vertical root fracture (6).

Statistical analysis

Data were analyzed with the two-way analysis of variance test using
SigmaPlot 12.0 software (Systat Software Inc., San Jose, USA). Also, in
significant cases, the least significant difference post hoc test was used for pair-

wise comparison of the groups. The significance level was set at p < .05.

Results

Strain measurement

The results for the strain measurement of tested groups are shown in
Table 1. Data indicated that the remaining coronal dentin factor (p<0.001) was
statistically significant, whereas the GPF factor (p = 0.107) and the interaction
of the factors (p = 0.161) did not present statistical difference. The teeth
restored with milled GFP and whiteout remaining had higher strain. In the case

of teeth restored with prefabricated GFP and 1 mm remaining had higher strain.

Table 1. Mean proximal strain values (standard deviation) and results of Tukey

honestly significant difference test (mS)*
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Remaining Coronal CAD/CAM milled GFPs Prefabricated GFPs

Dentin

225 (69,14) Aa

Without remaining 70,06 (26,45) Ab

1 mm of remaining 54,01 (24,76) Ab 142,36 (38,96) Aa

Different uppercase letters indicate significant differences in rows;
different lowercase letters in vertical columns indicate significant differences;

Tukey honestly significant difference test (P<.05).
Fracture resistance and mode

The results for the fracture resistance of tested groups are shown in
Table 2. Data indicated that the remaining coronal dentin factor (p = 0.017) was
statistically significant, whereas the GPF factor (p = 0.840) and the interaction
of the factors (p = 0.086) did not present statistical difference. The teeth with a 1
mm remaining coronal dentin presented higher resistance values independently
of the type of GFPs.

Table 2. Mean fracture resistance values (standard deviation) and results of

Tukey honestly significant difference test (mS)*

Remaining Coronal CAD/CAM milled GFPs  Prefabricated GFPs

Dentin

587,91 (164,09) Ab

Without remaining 767,95 (167,6) Ab

1 mm of remaining 1014,68 (325,19) Aa 842,56 (307,67) Aa

*Different uppercase letters indicate significant differences in rows;
different lowercase letters indicated significant differences in vertical columns;

Tukey honestly significant difference test (p<.05).
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The failure mode distribution for the different groups is presented in
Figure 1. The teeth restored whit prefabricated GPF presented greater amount
of reparable fractures (type | and Il). Only the teeth restored with milled GFP
and whiteout remaining presented greater number of irreparable fractures (type
[ll). There were no type IV fractures in any of the groups studied. Fractures type
V were found in small amounts in roots with a 1 mm remaining and restored
with milled GFP.

100%

90%

80%
70%
60%
50%
40%
30%
20% -

10%

0%

Without remaining 1 mm of remaining Without remaining 1 mm of remaining
CAD/CAM-fabricated GPF Prefabricated GFP
B Typel H Type |l = Type I I Type IV OType V

Figure 1 - Distribution of failure modes among groups (%).

Discussion

The type of GFP did not affected biomechanical behavior and the
amount of remaining coronal dentin influenced the strain, fracture resistance
and failure mode in ETT. Thus, the first hypothesis was accept and the second

was rejected.
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Fracture resistance of restored teeth and the mode of failure are the
result of the interaction between multiple mechanical properties. Fracture tests
have limitations with regard to obtaining information on the internal behavior of
the tooth-restoration complex before the failure (15). This test use increasing
compressive loading generated by a universal testing machine, the load
required to fracture specimens tends to be non-physiological (16). Loads
generated intraorally vary in magnitude, speed and direction, while loads
applied to teeth in laboratory fracture resistance testing are generally constant
in their speed of application and direction, and increase continuously until
fracture occurs. Thus, both non-destructive and destructive testing methods the
tests were used in a complementary way so that the mechanisms of strain
deformation were better understood (6, 17, 18). Mechanical fatigue was induced
as the oral environment experiences functional load that can lead to the
degradation and subsequent fatigue failure of weakened regions. Supposing
240,000 to 250,000 occlusal contacts occur per year, 1.2 million cycles is
equivalent to five years of masticatory simulation (19). In this investigation, a
force of 100 N was chosen to simulate the effect of chewing on stain and for the
stress analysis because physiological biting forces during eating were found to
be between 20 and 160N (20).

Both GFP used in this study contain e-glass fibers (electric glass) in
a unidirectional array, a few other oxides of alkali metals in the amorphous
phase and resin matrix that consists of epoxy or methacrylate resin (5). Thus,
the mechanical proprieties, such as, flexural strength and modulus, rigidity and
structural characteristic are similar and, consequently, the resistance was
similar. In contrast, the maintaining 1 mm of coronal dentin increases the
fracture resistance of ETT, regardless of the type GFP. The change in
biomechanical behavior was expected when comparing presence and absence
of remaining coronal. Many authors have reported biomechanical damages
when ETT do not have any remaining (4, 8, 21). The height of the remaining
coronal is well known as ferrule, and offers support to the remaining tooth
structure against occlusal loadings and lateral forces exerted during the post
insertion. Studies have shown that the maintenance 1 mm of coronal dentin

improve the stress distributions in the root dentin and along the post-dentin
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interface (17, 18, 22). The analysis of the remaining factor in the present study was
important due to the innovative character of the tested product. The milled CAD/CAM
GFP could have a better behavior than the prefabricated GFP in teeth without
remaining. However, this result was not found, the presence of the ferrule also
contributes to increase the fracture resistance and better failure or fracture
modes for both GPF.

These findings can be explained by the analysis of the strain
generated in the roots. The proximal strain gauges were oriented perpendicular
to the longitudinal root axis because this strain component can initiate cracks
that lead to catastrophic fractures (23). Vertical root fractures seem to be the
result of stresses generated inside the post space, typically occurring in the
buccolingual direction (15). When a body or structure is subjected to load, the
stresses will concentrate on the structure with a higher elastic modulus,
transferring the load with more intensity to the adjacent structures (18). In the
case of teeth restored whit milled GPF, the one-piece post/core have the core
with higher elastic modulus that roots restores whit prefabricate GPF and
composite resin core. While the elastic modulus of composite resin is about 15
GPa (18, 20), the elastic modulus of milled GFP is about 25 GPa
(manufacture’s information). Thus, in root restored whit milled GFP and without
remaining the strain was higher, probably because the lower strain and
deflection in one-piece post/core. In another hand, in roots restored whit
prefabricated GPF and resin core, in absence of remaining had lower strain in
the root. Probably, due to lower elastics modulus of core and major strain at
resin core.

In the failure mode analysis, the teeth restored whit milled GPF and
without remaining had a great percentage of irreparable failures (Type lll). Teeth
with no remaining post-retained with milled GPF had greater deformation and
the high stress concentrations within the root canal could be transferred to the
origin of the crack (18). During normal occlusal function, dentin exhibits
considerable plastic deformation, resisting varying degrees and angles of load
(24). However, loads exceeding the tensile strength or proportional limit of
dentin can decrease the ability of dentin for plastic deformation, which leads to

fractures (15, 25). The elastic modulus of milled GFP is higher than dentin
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(about 18GMPa) (18, 20), thus the strains of dentin was higher and the fracture
occur at root. Roots whit 1 mm of remaining coronal dentin and milled GFP had
prevalence of favorable failures probably because the stresses were
concentrated at the remaining coronal dentin (18, 25) due to ferrule effect. In
contrast, roots restored whit prefabricated GPF had a great percentage of
favorable failures (type | and Il) regardless of coronal structure. In this case that
the composite resin had the elastic modulus lower that dentin, the strain tend to
occur in the composite resin core and the stress concentered in the post/resin
interface leads to more fracture in the core (Type I) or in cervical third of root
(Type II) (15).

Prefabricated GFPs are widely used in the restoration of ETT and
their use is consolidated in the literature due advantages as shorter clinical time
for luting (single session) and biomechanics similar to dentin (3, 26, 27). The
idea of using CAD/CAM-fabricated fiber posts in clinical practice lies in the
possibility to combine the advantages of traditionally custom-made posts and
the prefabricated GFP. Such posts may have better fit to the post space as well
as the modulus of elasticity close to that of dentin, which is considered one of
the main advantages of fiber-reinforced composite material (28). However, the
results of this study showed that for roots without remaining dentin the
CAD/CAM-fabricated fiber posts may not have favorable biomechanical
behavior. Moreover, CAD/CAM FGPs would require a longer appointment for
scanning of the post space or additional clinical step for the impression of the
post, and a main prerequisite is a chair-side CAD/CAM device in the dental
office. Thus, the use of this new technology should be indicated with caution,
especially on severely weakened teeth. The digital workflow is an increasingly
present reality in dentistry, however, for fabrication of GFP, further studies are

still needed to be the first restorative option.

Significance

CAD/CAM-fabricated GFP has similar fracture resistance of

prefabricated GPF. However, in absence of remaining coronal dentin there are
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major strain in the root if restored whit milled GPF, leading to irreparable

failures.
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4 - Consideragodes Finais

Dentro das restricdes do delineamento experimental e frente a
analise dos dados, pode-se obesevar que a utilizacdo do cimento resinoso
autoadesivo como agente de uniao demonstrou adequada resisténcia adesiva
da dentina coronaria ao nucleo de preenchimento em resina composta. O
momento de hibridizagdo da dentina coronaria ndo afetou a resisténcia de
unido da resina composta. No entanto, os resultados deste trabalho devem ser
analisados com cautela, uma vez que produtos de marca comercial diferente
dos usados no trabalho podem ter comportamentos diferentes. Além disso, a
analise da interface adesiva a longo prazo também € importante para que se
possa fazer recomendacdes clinicas.

Pinos de fibra fresados por CAD/CAM tém propriedades mecanicas
de resisténcia flexural e modulo de flexdo e caracteristicas estruturais
semelhantes aos pinos pré-fabricados. Independentemente do método de
fabricagdo (pré-fabricado ou fresado), bolhas e vazios dentro da estrutura
contribuem fortemente para a fragilidade dos pinos. Quando analisado esse
tipo de pino integrado as reabilitacbes, pode-se perceber que dentes
reabilitados com pinos obtidos pelo sistema CAD/CAM tém resisténcia a fratura
semelhante as reabilitacbes retidas por pinos pré-fabricados. Entretanto, na
auséncia do remanescente coronario, ha grande deformagao na raiz em dentes
reabilitados com pinos de fibra fresados, levando a falhas irreparaveis. Os
resultados de propriedades mecanicas e analise das caracteristicas estruturais
revelaram que os blocos possuem pequenas falhas que podem ter implicacdes
diretas nos resultados de comportamento biomecanico. Assim, ajustes destas
falhas podem melhorar as propriedades dos pinos e, também, a resisténcia a
fratura em relacao aos sistemas pré-fabricados.

Materiais que visam a simplificagdo das etapas e o fluxo digital séo a
tendéncia atual da odontologia, por isso, técnicas e produtos com esses
conceitos sao facilmente incoporados ao mercado. No entanto, os pinos
obtidos por CAD/CAM ainda possuem fatores que limitam o seu uso. Um

destes fatores € a necessidade de moldagem do canal radicular para posterior
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fresagem do pino. O escaneamento do canal radicular seria uma alternativa
mais viavel, assim estudos futuros devem ser realizados para o

desenvolviemento de scanners intraraduculares.

Outro aspecto a ser analisado € o aumento do custo dos pinos
quando utilizado o sistema CAD/CAM, o que pode limitar sua utilizagdo. Existe
um elevado custo de produc¢do dos pinos devido ao alto desgaste das brocas
que sao utilizadas para fresagem do bloco de resina reforgada por fibra. Esta
limitacdo € inerente a todo sistema resinoso utilizado pelas fresadoras, mas
como o bloco reforgado por fibra € mais reistente, o desgaste é ainda maior.
Por fim, podemos concluir que o sistema € promissor, principalmente para os
profissionais que possuem facil acesso aos equipamentos e representa mais
uma opg¢ao de retentores intrarradiculares. No entanto, mais estudos séao

necessarios para que o sistema seja consolidado como primeira alternativa.
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e Mission, scope, and submission policy
\ e Presentation of the manuscript
e Characteristics and layouts of types of manuscripts
e Copyright transfer agreement and responsibility
statements
e Publication fees
e Examples of references

ISSN 1807-3107 online version

Mission, scope, and submission policy

Brazilian Oral Research - BOR (online version ISSN 1807-
3107) is the official publication of the Sociedade Brasileira
de Pesquisa Odontologica - SBPqO (the Brazilian division
of the International Association for Dental Research -
IADR). The journal has an Impact Factor™ of 0.937
(Institute for Scientific Information - ISI), is peer-reviewed
(double-blind system), and its mission is to disseminate and
promote an information interchange concerning the several
fields in dentistry research and/or related areas with gold
open access.

BOR invites the submission of original and review
manuscripts and papers in the following typology: Original
Research (complete manuscript or Short Communication),
Critical Review of Literature, Systematic Review (and Meta
Analysis) and Letters to the Editor. All submissions must be
exclusive to.

Manuscripts and all corresponding documentation should be
exclusively submitted through ScholarOne Manuscripts™
via the online submission link
(http://mc04.manuscriptcentral.com/bor-scielo).

The evaluation process of manuscript's scientific content will
only be initiated after meeting of all the requirements
described in the present Instructions for Authors. Any
manuscript that does not meet these requirements will be
returned to the corresponding author for adaptations.

Important: Once having been accepted on their scientific
merit, all manuscripts will be submitted for grammar and

84


http://www.scielo.br/scielo.php?script=sci_serial&pid=1806-8324&lng=en&nrm=iso
http://www.scielo.br/revistas/bor/iinstruc.htm#001
http://www.scielo.br/revistas/bor/iinstruc.htm#002
http://www.scielo.br/revistas/bor/iinstruc.htm#003
http://www.scielo.br/revistas/bor/iinstruc.htm#004
http://www.scielo.br/revistas/bor/iinstruc.htm#004
http://www.scielo.br/revistas/bor/iinstruc.htm#0066
http://www.scielo.br/revistas/bor/iinstruc.htm#005
http://mc04.manuscriptcentral.com/bor-scielo

style revision as per the English language. Contact BOR by
bor@sbpgo.org.br to get information about the
recommended translation companies.The authors should
forward the revised text with the enclosed revision certificate
provided by the chosen editing company. Linguistic
revisions performed by companies that do not provide
the mentioned certificate will not be accepted. As an
exception, this rule does not apply when one of the authors is
a native English speaker.

Presentation of the manuscript

The manuscript text should be written in English and
provided in a digital file compatible with “Microsoft Word”
(in DOC, DOCX, or RTF format).

All figures (including those in layouts/combinations) must be
provided in individual and separate files, according to
recommendations described under the specific topic.
Photographs, micrographs, and radiographs should be
provided in TIFF format, according to the recommendations
described under the specific topic.

Charts, drawings, layouts, and other vector illustrations must
be provided in a PDF format individually in separate files,
according to the recommendations described under the
specific topic.

Video files may be submitted as per the specifications,
including the author’s anonymity (for purposes of
evaluation) and respect for the patient’s rights.

Important: ScholarOne™ allows upload of a set of files up to
10 MB. In case the video file exceeds this size, it is possible
to leave information about the link to access the video. The
use of patients’ initials, names, and/or registry numbers is
prohibited in the reproduction of clinical documentation. The
identification of patients is prohibited. An informed consent
statement, signed by the patient, concerning the use of
his/her image should be provided by the author(s) when
requested by BOR. The Copyright legislation in force must
be respected and the source cited when the manuscript
reproduces any previously published material (including
texts, charts, tables, figures, or any other materials).

Title page (compulsory data)
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e This must indicate the specialty* or research field focused
on in the manuscript.

* Anatomy; Basic Implantodontology and Biomaterials;
Behavioral Sciences; Biochemistry; Cariology; Community
Dental Health; Craniofacial Biology; Dental Materials;
Dentistry; Endodontic Therapy; Forensic Dentistry; Geriatric
Dentistry; Imaginology; Immunology; Implantodontology —
Prosthetics; Implantodontology — Surgical; Infection
Control; Microbiology; Mouth and Jaw Surgery; Occlusion;
Oral Pathology; Orthodontics; Orthopedics; Pediatric
Dentistry; Periodontics; Pharmacology; Physiology;
Prosthesis; Pulp Biology; Social/Community Dentistry;
Stomatology; Temporomandibular Joint Dysfunction.

e Informative and concise title, limited to a maximum of
110 characters, including spaces.

e Names of all authors written out in full, including
respective telephone numbers and email addresses for
correspondence. We recommend that authors collate the
names present in the Cover Letter with the profile
created in ScholarOne™, to avoid discrepancies.

e The participation of each author must be justified on a
separate page, which should meet the authorship and co-
authorship criteria adopted by the International
Committee of Medical Journal Editors, available at
http://www.icmje.org/recommendations/browse/roles-
and-responsibilities/defining-the-role-of-authors-and-
contributors.html

e Data of institutional/professional affiliation of all authors,
including university (or other institution),
college/program, department, city, state, and country,
presented according to internal citation norms
established by each author’s institution. Verify that such
affiliations are correctly entered in ScholarOne™.

Abstract: This should be presented as a single structured
paragraph (but with no subdivisions into sections) containing
the objective of the work, methodology, results, and
conclusions. In the System if applicable, use the Special
characters tool for special characters.

Keywords: Ranging from 3 (three) to 5 (five) main
descriptors should be provided, chosen from the keywords
registered at http://decs.bvs.bt/ or
http://www.nlm.nih.gov/mesh/MBrowser.html (no synonyms
will be accepted).
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Main Text

Introduction: This should present the relevance of the
study, and its connection with other published works in the
same line of research or field, identifying its limitations and
possible biases. The objective of the study should be
concisely presented at the end of this section.

Methodology: All the features of the material pertinent to
the research subject should be provided (e.g., tissue samples
or research subjects). The experimental, analytical, and
statistical methods should be described in a concise manner,
although in detail, sufficient to allow others to recreate the
work. Data from manufacturers or suppliers of products,
equipment, or software must be explicit when first
mentioned in this section, as follows: manufacturer’s name,
city, and country. The computer programs and statistical
methods must also be specified. Unless the objective of the
work is to compare products or specific systems, the trade
names of techniques, as well as products, or scientific and
clinical equipment should only be cited in the
“Methodology” and “Acknowledgments” sections, according
to each case. Generic names should be used in the remainder
of the manuscript, including the title. Manuscripts containing
radiographs, microradiographs, or SEM images, the
following information must be included: radiation source,
filters, and kV levels used. Manuscripts reporting studies on
humans should include proof that the research was ethically
conducted according to the Helsinki Declaration (World
Medical Association,
http://www.wma.net/en/30publications/10policies/b3/). The
approval protocol number issued by an Institutional Ethics
Committee must be cited. Observational studies should
follow the STROBE guidelines (http://strobe-statement.org/),
and the check list must be submitted. Clinical Trials must be
reported according to the CONSORT Statement standard
protocol (http://www.consort-statement.org/); systematic
reviews and meta-analysis must follow the PRISMA
(http://www.prisma-statement.org/), or Cochrane protocol
(http://www.cochrane.org/).

Clinical Trials

Clinical Trials according to the CONSORT guidelines,
available at www.consort-statement.org. The clinical trial
registration number and the research registration name will
be published along with the article.

Manuscripts reporting studies performed on animals must
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also include proof that the research was conducted in an
ethical manner, and the approval protocol number issued by
an Institutional Ethics Committee should be cited. In case the
research contains a gene registration, before submission, the
new gene sequences must be included in a public database,
and the access number should be provided to BOR. The
authors may use the following databases:

e GenBank: http://www.ncbi.nlm.nih.gov/Genbank/submit

e EMBL:
http://www.ebi.ac.uk/embl/Submission/index.html

e DDBIJ: http://www.ddbj.nig.ac.jp

Manuscript submissions including microarray data must
include the information recommended by the MIAME
guidelines (Minimum Information About a Microarray
Experiment: http://www.mged.org/index.html) and/or
itemize how the experimental details were submitted to a
publicly available database, such as:

e ArrayExpress: http://www.ebi.ac.uk/arrayexpress/
e GEO: http://www.ncbi.nlm.nih.gov/geo/

Results: These should be presented in the same order as the
experiment was performed, as described under the
“Methodology” section. The most significant results should
be described. Text, tables, and figures should not be
repetitive. Statistically relevant results should be presented
with enclosed corresponding p values.

Tables: These must be numbered and cited consecutively in
the main text, in Arabic numerals. Tables must be submitted
separately from the text in DOC, DOCX, or RTF format.

Discussion: This must discuss the study results in relation to
the work hypothesis and relevant literature. It should
describe the similarities and differences of the study in
relation to similar studies found in literature, and provide
explanations for the possible differences found. It must also
identify the study’s limitations and make suggestions for
future research.

Conclusions: These must be presented in a concise manner
and be strictly based on the results obtained in the research.
Detailing of results, including numerical values, etc., must
not be repeated.

Acknowledgments: Contributions by colleagues (technical
assistance, critical comments, etc.) must be given, and any
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bond between authors and companies must be revealed. This
section must describe the research funding source(s),
including the corresponding process numbers.

Plagiarism

BOR employs a plagiarism detection system. When you
send your manuscript to the journal it may be analyzed-not
merely for the repetition of names/affiliations, but rather the
sentences or texts used.

References: Only publications from peer-reviewed journals
will be accepted as references. Unfinished manuscripts,
dissertations, theses, or abstracts presented in congresses will
not be accepted as references. References to books should be
avoided.

Reference citations must be identified in the text with
superscript Arabic numerals. The complete reference list
must be presented after the “Acknowledgments” section, and
the references must be numbered and presented in
Vancouver Style in compliance with the guidelines provided
by the International Committee of Medical Journal Editors,
as presented in Uniform Requirements for Manuscripts
Submitted to Biomedical Journals
(http://www.ncbi.nlm.nih.gov/books/NBK7256/). The
journal titles should be abbreviated according to the List of
Journals Indexed in Index Medicus
(http://www.ncbi.nlm.nih.gov/nlmcatalog/journals). The
authors shall bear full responsibility for the accuracy of their
references.

Spelling of scientific terms: When first mentioned in the
main text, scientific names (binomials of microbiological,
zoological, and botanical nomenclature) must be written out
in full, as well as the names of chemical compounds and
elements.

Units of measurement: These must be presented according
to the International System of Units (http://www.bipm.org or
http://www.inmetro.gov.br/consumidor/unidLegaisMed.asp).

Footnotes on the main text: These must be indicated by
asterisks and restricted to the bare minimum.

Figures: Photographs, microradiographs, and radiographs must
be at least 10 cm wide, have at least 500 dpi of resolution, and be
provided in TIFF format. Charts, drawings, layouts, and other
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vector illustrations must be provided in a PDF format. All the
figures must be submitted individually in separate files (not
inserted into the text file). Figures must be numbered and
consecutively cited in the main text in Arabic numerals. Figure
legends should be inserted together at the end of the text, after
the references.

Characteristics and layouts of types of manuscripts

Original Research

Limited to 30,000 characters including spaces (considering
the introduction, methodology, results, discussion,
conclusion, acknowledgments, tables, references, and figure
legends). A maximum of 8 (eight) figures and 40 (forty)
references will be accepted. The abstract can contain a
maximum of 250 words.

Layout - Text Files

e Title Page

e Main text (30,000 characters including spaces)
e Abstract: a maximum of 250 words

e Keywords: 3 (three)-5 (five) main descriptors
e Introduction

e Methodology

e Results

e Discussion

e Conclusion

e Acknowledgments

e Tables

e References: maximum of 40 references

e Figure legends

Layout - Graphic Files

e Figures: a maximum of 8 (eight) figures, as described
above.

Short Communication

Limited to 10,000 characters including spaces (considering
the introduction, methodology, results, discussion,
conclusion, acknowledgments, tables, references, and figure
legends). A maximum of 2 (two) figures and 12 (twelve)
references will be allowed. The abstract can contain a
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maximum of 100 words.
Layout - Text Files

e Title page

e Main text (10,000 characters including spaces)
e Abstract: a maximum of 100 words

e Descriptors: 3 (three)-5 (five) main descriptors
e Introduction

e Methodology

e Results

e Discussion

e Conclusion

e Acknowledgments

e Tables

e References: a maximum of 12 references

e Figure legends

Layout- Graphic Files

e Figures: a maximum of 2 (two) figures, as described
above.

Critical Review of Literature

The submission of this type of manuscript will be performed
only by invitation of the BOR Publishing Commission. All
manuscripts will be submitted to peer-review. This type of
manuscript must have a descriptive and discursive content,
focusing on a comprehensive presentation and discussion of
important and innovative scientific issues, with a limit of
30,000 characters including spaces (considering the
introduction, methodology, results, discussion, conclusion,
acknowledgments, tables, references, and figure legends). It
must include a clear presentation of the scientific object,
logical argumentation, a methodological and theoretical
critical analysis of the studies, and a summarized conclusion.
A maximum of 6 (six) figures and 50 (fifty) references is
permitted. The abstract must contain a maximum of 250
words.

Layout- Text Files

e Title page

e Main text (30,000 characters including spaces)
e Abstract: a maximum of 250 words

e Keywords: 3 (three)-5 (five) main descriptors
e Introduction

e Methodology

e Results

e Discussion
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e Conclusion

e Acknowledgments

e Tables

e References: maximum of 50 references
e Figure legends

Layout - Graphic Files
e Figures: a maximum of 6 (six) figures, as described above.

Systematic Review and Meta-Analysis

While summarizing the results of original studies,
quantitative or qualitative, this type of manuscript should
answer a specific question, with a limit of 30,000 characters,
including spaces, and follow the Cochrane format and style
(www.cochrane.org). The manuscript must report, in detail,
the process of the search and retrieval of the original works,
the selection criteria of the studies included in the review,
and provide an abstract of the results obtained in the
reviewed studies (with or without a meta-analysis approach).
There is no limit to the number of references or figures.
Tables and figures, if included, must present the features of
the reviewed studies, the compared interventions, and the
corresponding results, as well as those studies excluded from
the review. Other tables and figures relevant to the review
must be presented as previously described. The abstract can
contain a maximum of 250 words.

Layout - Text Files

e Title page

e Main text (30,000 characters including spaces)
e Abstract: a maximum of 250 words

e Question formulation

e Location of the studies

e (Critical Evaluation and Data Collection

e Data analysis and presentation

e Improvement

e Review update

e References: no limit on the number of references
e Tables

Layout - Graphic Files
e Figures: no limit on the number of figures
Letter to the Editor

Letters must include evidence to support an opinion of the
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author(s) about the scientific or editorial content of the BOR, and
must be limited to 500 words. No figures or tables are permitted.

Copyright transfer agreement and responsibility statements

The manuscript submitted for publication must include the
Copyright Transfer Agreement and the Responsibility
Statements, available in the online system and mandatory.

CHECKLIST FOR INITIAL SUBMISSION

e Title Page file (in DOC, DOCX, or RTF format).

e Main text file (Main Document, manuscript), in DOC,
DOCX, or RTF format.

e Tables, in DOC, DOCX, or RTF format.

e Declaration of interests and funding, submitted in a .
separate document and in a PDF format. (if applicable)

e Justification for participation of each author, provided in
a separate document and in a PDF format.

e Photographs, microradiographs, and radiographs (10 cm
minimum width, 500 dpi minimum resolution) in TIFF
format. (http://www.ncbi.nlm.nih.gov/pmc/pub/filespec-
images/)

e Charts, drawings, layouts, and other vector illustrations in
a PDF format.

e Each figure should be submitted individually in separate
files (not inserted in the text file).

Publication fees

Authors are not required to pay for the submission or review
of articles.

EXAMPLES OF REFERENCES

Journals

Goracci C, Tavares AU, Fabianelli A, Monticelli F, Raffaelli O,
Cardoso PC, et al. The adhesion between fiber posts and root canal

walls: comparison between microtensile and push-out bond strength
measurements. Eur J Oral Sci. 2004 Aug;112(4):353-61.

Bhutta ZA, Darmstadt GL, Hasan BS, Haws RA. Community-based
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interventions for improving perinatal and neonatal health outcomes in
developing countries: a review of the evidence. Pediatrics. 2005;115(2
Suppl):519-617. doi:10.1542/peds.2004-1441.

Usunoff KG, Itzev DE, Rolfs A, Schmitt O, Wree A. Nitric oxide
synthase-containing neurons in the amygdaloid nuclear complex of the
rat. Anat Embryol (Berl). 2006 Oct 27. Epub ahead of print. doi:
10.1007/s00429-006-0134-9

Walsh B, Steiner A, Pickering RM, Ward-Basu J. Economic evaluation
of nurse led intermediate care versus standard care for post-acute
medical patients: cost minimisation analysis of data from a randomised
controlled trial. BMJ. 2005 Mar 26;330(7493):699. Epub 2005 Mar 9.

Papers with Title and Text in Languages Other Than English
LiYJ, He X, Liu LN, Lan YY, Wang AM, Wang YL. [Studies on
chemical constituents in herb of Polygonum orientale]. Zhongguo
Ahong Yao Za Zhi. 2005 Mar;30(6):444-6. Chinese.

Supplements or Special Editions

Pucca Junior GA, Lucena EHG, Cawahisa PT. Financing national
policy on oral health in Brazil in the context of the Unified Health
System. Braz Oral Res. 2010 Aug;24 Spec Iss 1:26-32.

Online Journals

Barata RB, Ribeiro MCSA, De Sordi M. Desigualdades sociais e
homicidios na cidade de Sao Paulo, 1998. Rev Bras Epidemiol.
2008;11(1):3-13 [cited 2008 Feb 23]. Available from:
http://www.scielosp.org/pdf/rbepid/v11n1/01.pdf.

Books

Stedman TL. Stedman's medical dictionary: a vocabulary of medicine
and its allied sciences, with pronunciations and derivations. 20th ed.
Baltimore: Williams & Wilkins; 1961. 259 p.

Books Online

Foley KM, Gelband H, editors. Improving palliative care for cancer
[monograph on the Internet]. Washington: National Academy Press;
2001 [cited 2002 Jul 9]. Available from:
http://www.nap.edu/books/0309074029/html/.

Websites

Cancer-Pain.org [homepage on the Internet]. New York: Association of
Cancer Online Resources, Inc.; c2000 [cited 2002 Jul 9]. Available
from: http://www.cancer-pain.org/.

Instituto Brasileiro de Geografia e Estatistica [homepage]. Brasilia
(DF): Instituto Brasileiro de Geografia e Estatistica; 2010 [cited 2010
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Nov 27]. Available from: http://www.ibge.gov.br/home/default.php.

World Health Organization [homepage]. Geneva: World Health Organization;
2011 [cited 2011 Jan 17]. Available from: http://www.who.int/en/
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6.3. Normas do periodico Journal of Endodontics (Quallis A1)

Guidelines for Publishing Papers in the JOE

Writing an effective article is a challenging assignment. The following guidelines are
provided to assist authors in submitting manuscripts.

The JOE publishes original and reviews articles related to the scientific and applied
aspects of endodontics. Moreover, the JOE has a diverse readership that includes full-
time clinicians, full-time academicians, residents, students, and scientists. Effective
communication with this diverse readership requires careful attention to writing style.

General Points on Composition

Organization of Original Research Manuscripts

Manuscripts Category Classifications and Requirements

Available Resources

General Points on Composition

1. Authors are strongly encouraged to analyze their final draft with both software (e.g.,
spelling and grammar programs) and colleagues who have expertise in English
grammar. References listed at the end of this section provide a more extensive review
of rules of English grammar and guidelines for writing a scientific article. Always
remember that clarity is the most important feature of scientific writing. Scientific
articles must be clear and precise in their content and concise in their delivery since
their purpose is to inform the reader. The Editor reserves the right to edit all
manuscripts or to reject those manuscripts that lack clarity or precision, or have
unacceptable grammar or syntax. The following list represents common errors in
manuscripts submitted to the JOE:

2. The paragraph is the ideal unit of organization. Paragraphs typically start with an
introductory sentence that is followed by sentences that describe additional detail or
examples. The last sentence of the paragraph provides conclusions and forms a
transition to the next paragraph. Common problems include one-sentence paragraphs,
sentences that do not develop the theme of the paragraph (see also section “c”
below), or sentences with little to no transition within a paragraph.

3. Keep to the point. The subject of the sentence should support the subject of the
paragraph. For example, the introduction of authors’ names in a sentence changes the
subject and lengthens the text. In a paragraph on sodium hypochlorite, the sentence,
“In 1983, Langeland et al., reported that sodium hypochlorite acts as a lubricating
factor during instrumentation and helps to flush debris from the root canals” can be
edited to: “Sodium hypochlorite acts as a lubricant during instrumentation and as a
vehicle for flushing the generated debris (Langeland et al., 1983)." In this example, the
paragraph’s subject is sodium hypochlorite and sentences should focus on this subject.

4. Sentences are stronger when written in the active voice, i.e., the subject performs the
action. Passive sentences are identified by the use of passive verbs such as “was,”

96


https://www.aae.org/specialty/publications-research/journal-of-endodontics/joe-authors/guidelines-publishing-papers-joe/#general
https://www.aae.org/specialty/publications-research/journal-of-endodontics/joe-authors/guidelines-publishing-papers-joe/#organization
https://www.aae.org/specialty/publications-research/journal-of-endodontics/joe-authors/guidelines-publishing-papers-joe/#manuscripts
https://www.aae.org/specialty/publications-research/journal-of-endodontics/joe-authors/guidelines-publishing-papers-joe/#available

” u

“were,” “could,” etc. For example: “Dexamethasone was found in this study to be a
factor that was associated with reduced inflammation,” can be edited to: “Our results
demonstrated that dexamethasone reduced inflammation.” Sentences written in a
direct and active voice are generally more powerful and shorter than sentences
written in the passive voice.

Reduce verbiage. Short sentences are easier to understand. The inclusion of
unnecessary words is often associated with the use of a passive voice, a lack of focus
or run-on sentences. This is not to imply that all sentences need be short or even the
same length. Indeed, variation in sentence structure and length often helps to
maintain reader interest. However, make all words count. A more formal way of
stating this point is that the use of subordinate clauses adds variety and information
when constructing a paragraph. (This section was written deliberately with sentences
of varying length to illustrate this point.)

Use parallel construction to express related ideas. For example, the sentence,
“Formerly, endodontics was taught by hand instrumentation, while now rotary
instrumentation is the common method,” can be edited to “Formerly, endodontics
was taught using hand instrumentation; now it is commonly taught using rotary
instrumentation.” The use of parallel construction in sentences simply means that
similar ideas are expressed in similar ways, and this helps the reader recognize that the
ideas are related.

Keep modifying phrases close to the word that they modify. This is a common problem
in complex sentences that may confuse the reader. For example, the statement,
“Accordingly, when conclusions are drawn from the results of this study, caution must
be used,” can be edited to “Caution must be used when conclusions are drawn from
the results of this study.”

To summarize these points, effective sentences are clear and precise, and often are
short, simple and focused on one key point that supports the paragraph’s theme.
Authors should be aware that the JOE uses iThenticate, plagiarism detection software,
to assure originality and integrity of material published in the Journal. The use of
copied sentences, even when present within quotation marks, is highly discouraged.
Instead, the information of the original research should be expressed by new
manuscript author’s own words, and a proper citation given at the end of the
sentence. Plagiarism will not be tolerated and manuscripts will be rejected, or papers
withdrawn after publication based on unethical actions by the authors. In addition,
authors may be sanctioned for future publication.

Organization of Original Research Manuscripts

Please Note: A/l abstracts should be organized into sections that start with a one-word
title (in bold), i.e., Introduction, Methods, Results, Conclusions, etc., and should not
exceed more than 250 words in length.

1. Title Page: The title should describe the major emphasis of the paper. It should be as

short as possible without loss of clarity. Remember that the title is your advertising
billboard—it represents your major opportunity to solicit readers to spend the time to
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read your paper. It is best not to use abbreviations in the title since this may lead to
imprecise coding by electronic citation programs such as PubMed (e.g., use “sodium
hypochlorite” rather than NaOClI). The author list must conform to published standards
on authorship (see authorship criteria in the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals at icmje.org). The manuscript title, name and
address (including email) of one author designated as the corresponding author. This
author will be responsible for editing proofs and order reprints when applicable. The
contribution of each author should also be highlighted in the cover letter.

Abstract: The abstract should concisely describe the purpose of the study, the
hypothesis, methods, major findings, and conclusions. The abstract should describe
the new contributions made by this study. The word limitations (250 words) and the
wide distribution of the abstract (e.g., PubMed) make this section challenging to write
clearly. This section often is written last by many authors since they can draw on the
rest of the manuscript. Write the abstract in past tense since the study has been
completed. Three to ten keywords should be listed below the abstract.

Introduction: The introduction should briefly review the pertinent literature in order
to identify the gap in knowledge that the study is intended to address and the
limitations of previous studies in the area. The purpose of the study, the tested
hypothesis and its scope should be clearly described. Authors should realize that this
section of the paper is their primary opportunity to establish communication with the
diverse readership of the JOE. Readers who are not expert in the topic of the
manuscript are likely to skip the paper if the introduction fails to succinctly summarize
the gap in knowledge that the study addresses. It is important to note that many
successful manuscripts require no more than a few paragraphs to accomplish these
goals. Therefore, authors should refrain from performing the extensive review or the
literature, and discuss the results of the study in this section.

Materials and Methods: The objective of the materials and methods section is to
permit other investigators to repeat your experiments. The four components of this
section are the detailed description of the materials used and their components, the
experimental design, the procedures employed, and the statistical tests used to
analyze the results. The vast majority of manuscripts should cite prior studies using
similar methods and succinctly describe the essential aspects used in the present
study. Thus, the reader should still be able to understand the method used in the
experimental approach and concentration of the main reagents (e.g., antibodies,
drugs, etc.) even when citing a previously published method. The inclusion of a
“methods figure” will be rejected unless the procedure is novel and requires an
illustration for comprehension. If the method is novel, then the authors should
carefully describe the method and include validation experiments. If the study utilized
a commercial product, the manuscript must state that they either followed
manufacturer’s protocol or specify any changes made to the protocol. If the study
used an in vitro model to simulate a clinical outcome, the authors must describe
experiments made to validate the model, or previous literature that proved the clinical
relevance of the model. Studies on humans must conform to the Helsinki Declaration
of 1975 and state that the institutional IRB/equivalent committee(s) approved the
protocol and that informed consent was obtained after the risks and benefits of
participation were described to the subjects or patients recruited. Studies involving
animals must state that the institutional animal care and use committee approved the
protocol. The statistical analysis section should describe which tests were used to
analyze which dependent measures; p-values should be specified. Additional details
may include randomization scheme, stratification (if any), power analysis as a basis for
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sample size computation, drop-outs from clinical trials, the effects of important
confounding variables, and bivariate versus multivariate analysis.

Results: Only experimental results are appropriate in this section (i.e., neither
methods, discussion, nor conclusions should be in this section). Include only those data
that are critical for the study, as defined by the aim(s). Do not include all available data
without justification; any repetitive findings will be rejected from publication. All
Figures, Charts, and Tables should be described in their order of numbering with a
brief description of the major findings. The author may consider the use of
supplemental figures, tables or video clips that will be published online. Supplemental
material is often used to provide additional information or control experiments that
support the results section (e.g., microarray data).

Figures: There are two general types of figures. The first type of figures includes
photographs, radiographs or micrographs. Include only essential figures, and even if
essential, the use of composite figures containing several panels of photographs is
encouraged. For example, most photos, radio- or micrographs take up one column-
width, or about 185 mm wide X 185 mm tall. If instead, you construct a two columns-
width figure (i.e., about 175 mm wide X 125 mm high when published in the JOE), you
would be able to place about 12 panels of photomicrographs (or radiographs, etc.) as
an array of four columns across and three rows down (with each panel about 40 X 40
mm). This will require some editing to emphasize the most important feature of each
photomicrograph, but it greatly increases the total number of illustrations that you can
present in your paper. Remember that each panel must be clearly identified with a
letter (e.g., “A,” “B,” etc.), in order for the reader to understand each individual panel.
Several nice examples of composite figures are seen in recent articles by Jeger et al (J
Endod 2012;38:884—888); Olivieri et al., (J Endod 2012;38:1007 1011); Tsai et al (J
Endod 2012;38:965-970). Please note that color figures may be published at no cost to
the authors and authors are encouraged to use color to enhance the value of the
illustration. Please note that a multi-panel, composite figure only counts as one figure
when considering the total number of figures in a manuscript (see section 3, below, for
the maximum number of allowable figures).The second type of figures is graphs (i.e.,
line drawings including bar graphs) that plot a dependent measure (on the Y-axis) as a
function of an independent measure (usually plotted on the X axis). Examples include a
graph depicting pain scores over time, etc. Graphs should be used when the overall
trend of the results are more important than the exact numerical values of the results.
For example, a graph is a convenient way of reporting that an ibuprofen-treated group
reported less pain than a placebo group over the first 24 hours, but was the same as
the placebo group for the next 96 hours. In this case, the trend of the results is the
primary finding; the actual pain scores are not as critical as the relative differences
between the NSAID and placebo groups.

Tables: Tables are appropriate when it is critical to present exact numerical values.
However, not all results need be placed in either a table or figure. For example, the
following table may not be necessary:Instead, the results could simply state that there
was no inhibition of growth from 0.001-0.03% NaOCI, and a 100% inhibition of growth
from 0.03-3% NaOCI (N=5/group). Similarly, if the results are not significant, then it is
probably not necessary to include the results in either a table or as a figure. These and
many other suggestions on figure and table construction are described in additional
detail in Day (1998).

9% NaoCl N/Group % Inhibition of Growth
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% Naocl N/Group % Inhibition of Growth

0.001 5 0
0.003 5 0
0.01 5 0
003 5 0
0.1 5 100
0.3 5 100
1 5 100
3 5 100

Discussion: This section should be used to interpret and explain the results. Both the
strengths and weaknesses of the observations should be discussed. How do these
findings compare to the published literature? What are the clinical implications?
Although this last section might be tentative given the nature of a particular study, the
authors should realize that even preliminary clinical implications might have value for
the clinical leadership. Ideally, a review of the potential clinical significance is the last
section of the discussion. What are the major conclusions of the study? How does the
data support these conclusions
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reading past issues of the JOE. The JOE uses the Vancouver reference style, which can
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parentheses at the end of a sentence or at the end of a clause that requires a literature
citation. Do not use superscript for references. Original reports are limited to 35
references. There are no limits to the number of references for review articles.
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Manuscripts Category Classifications and Requirements

Manuscripts submitted to the JOE must fall into one of the following categories. The
abstracts for all these categories would have a maximum word count of 250 words:

1. CONSORT Randomized Clinical Trial-Manuscripts in this category must strictly adhere
to the Consolidated Standards of Reporting Trials-CONSORT- minimum guidelines for
the publication of randomized clinical trials. These guidelines can be found at consort-
statement.org. These manuscripts have a limit of 3,500 words, [including abstract,
introduction, materials and methods, results, discussion, and acknowledgments;
excluding figure legends and references]. In addition, there is a limit of a total of 4
figures and 4 tables*.

2. Review Article-Manuscripts in this category is either narrative articles, or systematic
reviews/meta-analyses. Case report/Clinical Technique articles even when followed by
the extensive review of the literature will be categorized as “Case Report/Clinical
Technique”. These manuscripts have a limit of 3,500 words, [including abstract,
introduction, discussion, and acknowledgments; excluding figure legends and
references]. In addition, there is a limit of a total of 4 figures and 4 tables*.

3. Clinical Research (e.g., prospective or retrospective studies on patients or patient
records, or research on biopsies, excluding the use of human teeth for technique
studies). These manuscripts have a limit of 3,500 words [including abstract,
introduction, materials and methods, results, discussion, and acknowledgments;
excluding figure legends and references]. In addition, there is a limit of a total of 4
figures and 4 tables*.

4. Basic Research Biology (animal or culture studies on biological research on physiology,
development, stem cell differentiation, inflammation or pathology). Manuscripts that
have a primary focus on biology should be submitted in this category while
manuscripts that have a primary focus on materials should be submitted in the Basic
Research Technology category. For example, a study on cytotoxicity of a material
should be submitted in the Basic Research Technology category, even if it was
performed in animals with histological analyses. These manuscripts have a limit of
2,500 words [including abstract, introduction, materials and methods, results,
discussion, and acknowledgments; excluding figure legends and references]. In
addition, there is a limit of a total of 4 figures or 4 tables*.

5. Basic Research Technology (Manuscripts submitted in this category focus primarily on
research related to techniques and materials used, or with potential clinical use, in
endodontics). These manuscripts have a limit of 2,500 words [including abstract,
introduction, materials and methods, results, discussion, and acknowledgments;
excluding figure legends and references]. In addition, there is a limit of a total of 3
figures and tables *.

6. Case Report/Clinical Technique (e.g., report of an unusual clinical case or the use of
cutting-edge technology in a clinical case). These manuscripts have a limit of 2,500
words [including abstract, introduction, materials and methods, results, discussion,
and acknowledgments; excluding figure legends and references]. In addition, there is a
limit of a total of 4 figures or tables*.* Figures, if submitted as multi-panel figures must
not exceed 1-page length. Manuscripts submitted with more than the allowed number
of figures or tables will require the approval of the JOE Editor or associate editors. If
you are not sure whether your manuscript falls within one of the categories above, or
would like to request preapproval for submission of additional figures please contact
the Editor by email at jendodontics@uthscsa.edu.Importantly, adhering to the general
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writing methods described in these guidelines (and in the resources listed below) will
help to reduce the size of the manuscript while maintaining its focus and significance.
Authors are encouraged to focus on only the essential aspects of the study and to
avoid inclusion of extraneous text and figures. The Editor may reject manuscripts that
exceed these limitations.
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