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RESUMO

A confecgao de cavidades de acesso para retratamento endoddntico
em molares e a remocgao de pinos de fibra podem sacrificar estrutura dental
sadia. O uso de resinas fluidas ou ionébmero de vidro tém sido propostos para
selar a cdmara coronaria e conduto radicular. Para remogéo de pinos de fibra
tém sido indicados pontas diamantadas, insertos ultrassdnicos, ou mesmo o
acesso guiado. Este estudo tem como objetivo geral avaliar métodos de acesso
de condutos radiculares em dentes restaurados com resina composta ou
ionbmero de vidro, e com pinos de fibra de vidro em fungéo da sua eficiéncia e
efetividade. Esse estudo foi dividido em trés objetivos especificos: objetivo
especifico 1, Avaliar o efeito do uso de turbina de alta rotacdo equipada com luz
branca ou violeta e do uso de iondbmero de vidro ou resina flow no assoalho na
camera pulpar na restauragao de molares superiores tratados endodonticamente
na remogao de dentina sadia no acesso endodéntico para retratamento; objetivo
especifico 2, Avaliar o efeito da técnica de insertos ultrassbnicos, pontas
diamantadas e acesso guiado na efetividade e eficiéncia de remogao de pino de
fibra de vidro mensurando tempo consumido, perda de dentina e desvio do canal
radicular em molares superiores; objetivo especifico 3, Apresentar relatos de
casos clinicos que trasladam conhecimento obtido nos estudos laboratoriais
acerca da remocao de pino de fibra de vidro abordando vantagens, limitagdes e
necessidade de avangos tecnoldgicos nessas técnicas. Dentro dos limites
impostos pelo delineamento desses estudos foi possivel concluir que: 1) O
acesso com alta equipado com luz branca, independentemente do material
restaurador usado na camara pulpar, permitiu menor perda dentinaria; 2) O uso
do cimento de iondmero de vidro facilita o acesso aos canais com reducgéo da
remocgao de dentina do assoalho pulpar e menor numero de paredes afetadas;
3) A remocgéao de pino com acesso guiado resulta em menor tempo de trabalho
que o uso de ultrassom e menor perda estrutural que o uso de ponta diamantada
e insertos em ultrassom; 4) A remogao de pino com ponta diamantada resulta
em maior transposi¢cao e alargamento do canal que quando realizado com

ultrassom e acesso guiado; e 5) Remocgao de pino de fibra de vidro é um desafio



para o clinico e necessita de avango tecnoldgico e efetivo treinamento

profissional para gerar eficiéncia e reprodutibilidade do procedimento.

PALAVRAS-CHAVES: Retratamento do canal radicular, remog¢ao de material

restaurador, remocgao de pino de fibra, remocgao de dentina, endodontia guiada.



ABSTRACT

Making access cavities for endodontic retreatment in molars and fiber
post removal can sacrifice intact tooth structure. The use of flowable resin
composites or glass ionomer cement has been proposed to seal the pulp
chamber and root canal entrance. For removal of fiber posts, diamond burs,
ultrasonic inserts, or even guided access have been indicated. This study has as
general objective to evaluate methods of root canal access in teeth restored with
composite resin or glass ionomer, and with fiberglass posts depending on their
efficiency and effectiveness. This study was divided into three specific objectives:
specific objective 1, Evaluate the effect of using a handpiece equipped with
white or violet light and the use of glass ionomer or flow resin on the floor in the
pulp chamber in the restoration of endodontically treated upper molars in the
removal of intact dentin in the endodontic access for retreatment; specific
objective 2, Evaluate the effect of the technique of ultrasonic inserts, diamond
burs and guide access on the effectiveness and efficiency of removing fiberglass
post measuring time consumed, loss of dentin and root canal deviation in
maxillary molars; specific objective 3, To present clinical case reports that
transfer knowledge obtained in laboratory studies about the fiberglass posts
removal, addressing advantages, limitations and the necessity of technical
advances in these protocols. Within the limits imposed by the design of these
studies, it was possible to conclude that: 1) Access with handpiece equipped with
white light, regardless of the restorative material used in the pulp chamber,
allowed less dentin loss; 2) The use of glass ionomer cement facilitates access
to the root canals with reduced dentin removal from the pulp floor and fewer
affected walls; 3) The post removal with guide access results in less work time
than the use of ultrasonic and less structural loss than the use of diamond bur
and ultrasonic inserts; 4) The post removal with a diamond bur results in greater
transposition and widening of the root canal than when performed with ultrasonic
and guide access; and 5) Removal of a fiberglass post is a challenge for the
clinician and requires technical advancement and effective professional training

to generate efficiency and reproducibility of the procedure.



KEYWORDS: Root canal retreatment, restorative material removal, Fiberglass

post removal, dentin removal, guided endodontics.



1. INTRODUGAO E REFERENCIAL TEORICO

A remocgao do material restaurador presente na camara pulpar para
localizagdo dos condutos radiculares e eventual necessidade de remogéo de
pinos de fibra de vidro podem gerar ansiedade no profissional. Os riscos de
desgastes acidental de dentina podem comprometer a biomecanica de dentes
tratados endodonticamente e ainda resultar em perfuragdo radicular ou do

assoalho da camara pulpar.’

Diversos materiais tém sido indicados para restaurar dentes
posteriores apds o tratamento endoddntico, como resinas compostas
convencionais ou bulk fill associadas ou ndo com cimento de ionémero de vidro.>
4 Resinas compostas bulk fill fotoativadas podem ser inseridas em incrementos
de 4-5 mm, reduzindo tempo de trabalho e apresentando bom desempenho.®
Esses materiais produzem, em geral, menor contragao de polimerizagao quando
comparados as resinas compostas convencionais, a depender de sua
composicao, viscosidade e modulo de elasticidade.® Ja o cimento de ion6mero
de vidro gera menores tensées de contragdo possuem capacidade de adesao
quimica a estrutura dental.” A dificuldade de distinguir estrutura dental e material
restaurador no interior da camara pulpar pode dificultar a localizagdo dos canais
na eventual necessidade de reabertura endoddntica. Durante o acesso aos
canais, visando retratamento endodéntico; podem haver danos a dentina sadia
nas paredes laterais ou no assoalho da camara pulpar devido a similaridade de
cor e maior resisténcia ao desgaste da resina composta.® Em situagdes
extremas, pode ocorrer perfuracdo da camara pulpar, considerada complicacao
severa em procedimentos endoddnticos e restauradores.’? Esta intercorréncia
tem sido considerada uma das principais causas de falha do tratamento

endodontico e pode levar a perda do dente. "9

Para a remocao de materiais restauradores no interior da camara
pulpar, o uso de turbina de alta-rotacéo convencional com ponta diamantada tem
sido usualmente utilizada pelos profissionais. Em virtude de alguns materiais
restauradores apresentarem alta fluorescéncia, o que os torna mais facilmente

evidenciados quando expostos a luz ultravioleta,'° turbinas de alta rotagdo com



lampadas de LED ultravioleta podem potencializar a fluorescéncia desses
materiais restauradores, criando contraste com a estrutura dental.'®' Isso pode
ser relevante, em especial na detecgao de restauragdes nas faces palatinas e
oclusais de molares, por serem areas particularmente dificeis de identificar.'?
Isso pode ser minimizado pela adequada distingao entre estrutura dental e resina
composta, a partir de propriedades fluorescentes desses materiais.'? Com isso
tornaria mais visivel o campo operatério diminuindo a chance de desgaste

indesejavel ou iatrogénico da estrutura dental sadia.

A restauracdo de dentes tratados endodonticamente constiuti
procedimento complexo que envolve necessidade de restabelecer
biomecanicamente dentes enfraquecidos devido a perda estrutural.’® A perda de
mais da metade da estrutura coronaria, causada por caries, fratura ou extenso
preparo cavitario determina a necessidade de uso de pinos.’ Nesse sentido,
pinos de fibra de vidro tém se tornado cada vez mais a alternativa de primeira

escolha na substituicdo aos pinos metalicos.'®

Quando o tratamento endodéntico falha, ou mesmo diante da
indicagao de retratamento endoddntico por finalidade protética, um novo acesso
aos canais radiculares deve ser realizado para permitir efetiva limpeza,
formatacéo e nova obturagdo dos canais radiculares.'® A presencga de pinos de
fibra de vidro cimentados intracanal pode ser um agravante dessa situagao.
Esses pinos podem falhar por fratura sem comprometer o remanescente
dental’”, o que determina também a necessidade de remogao dos mesmos. Por
outro lado, a presenca de pinos de fibra de vidro pode dificultar o retratamento
de dentes com infecgbes periapicais via coroa.'® Essas condigdes clinicas,
implicam na necessidade de usar métodos atraumaticos e eficientes para
remové-los evitando-se procedimentos cirdrgicos.’® Nesse sentido, varios
métodos para remocao de pinos de fibra de vidro tém sido utilizados, tais como:
desgaste do pino com brocas ou ainda a utilizagao de vibragao ultrassonica com
insertos.’® A utilizacdo do microscopio operatorio associado aos insertos de
ultrassom tem sido reportado como método eficiente, pela visualizacado
adequada do campo operatorio, permitindo maior visualizagdo de detalhes
anatdmicos e estruturais’®, e com isso se evite desgastes desnecessarios.

6



Outra opcao mais recente que pode auxiliar na remocgao de pinos de
fibra de vidro é o planejamento virtual.?® O acesso guiado a partir do volume
tridimensional gerado por tomografias computadorizadas de feixe cénico tem
sido adotado com vistas a confec¢cao de direcionamento adequado para a
remogdo do pino de fibra.?? Com isso tornam mais previsiveis os limites
anatdbmicos da raiz, minimizando a ocorréncia de desgaste indesejavel ou
iatrogénico da estrutura dentinaria. O planejamento virtual do acesso leva em
consideragdo a anatomia radicular?®?4, orienta a cavidade de acesso para
remocao de pinos de fibra de vidro cimentados adesivamente e facilita o

procedimento clinico, tornando-o mais seguro por preservar estrutura radicular.2°

Nos limites do nosso conhecimento, nenhum estudo avaliou a
eficiéncia do uso de cimento de ionbmero de vidro em substituicdo a resina
composta fluida para selar camaras pulpares e também o uso de turbinas de alta
rotacdo com iluminagdo de LED branca ou ultravioleta com vistas a evitar a
remogao iatrogénica de dentina sadia durante a cavidade de acesso para
retratamento endodéntico. Da mesma forma, também dentro dos limites do
nosso conhecimento, nenhum estudo avaliou a eficiéncia e eficacia do uso de
acesso guiado comparado a protocolos de insertos ultrassénicos e pontas
diamantadas usadas em associagcdo com microscopia operatoria na remocgao de
pinos de fibra de vidro. O tempo de execucdo de tais procedimentos também
deve ser considerado para que essas técnicas possam se popularizar. Mostra-
se pertinente e oportuno o desenvolvimento de estudos que avaliem esses
protocolos e favoreca a geracdo de conhecimento para que clinicos possam

executar protocolos com maior previsibilidade e menor riscos aos pacientes.



2. OBJETIVOS
2.1. Objetivo Geral

Avaliar métodos de acesso de condutos radiculares em dentes
molares superiores restaurados com resina composta ou iondbmero de vidro e

remocao de pinos de fibra de vidro em funcéo da sua eficiéncia e efetividade.

2.2. Objetivos Especificos

Objetivo especifico 1
Capitulo 1 - Handpiece lighting and glass ionomer filling pulp chamber on
dentin removal during root canal retreatment

Avaliar o efeito do uso de turbina de alta rotagcdo equipada com luz
branca ou violeta e do uso de iondmero de vidro ou resina fluida no assoalho na
camara pulpar na restauragao de molares superiores tratados endodonticamente

na remog¢ao de dentina sadia no acesso endoddntico para retratamento

Objetivo especifico 2
Capitulo 2 - Fiber post removal using guide access, ultrasonic inserts and
diamond burs — Analysis of efficiency and effectiveness.

Avaliar o efeito da técnica de insertos ultrassOnicos, pontas
diamantadas e acesso guiado na efetividade e eficiéncia de remog¢ao de pino de
fibra de vidro mensurando tempo consumido, perda de dentina, perfuragao

radicular e desvio do canal radicular em molares superiores.

Objetivo especifico 3
Capitulo 3 - Guide access and ultrasonic inserts under operatory
microscope as an alternative technique to failure in fiber post.

Apresentar relatos de casos clinicos que trasladam conhecimento
obtido nos estudos laboratoriais acerca da remocéao de pino de fibra de vidro com
acesso guiado abordando vantagens, limitagbes e necessidade de avangos

tecnoldgicos nessas técnicas.
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Handpiece lighting and glass ionomer cement filling pulp chamber on dentin removal

during root canal retreatment - micro-CT analysis.

SUMMARY

This study evaluated the effects of glass ionomer cement (GIC) and flowable bulk fill composite
resin (BFRC) used for filling pulp chambers and the type of high-speed handpiece lighting on
dentin removal in endodontic retreatment access preparation in molar teeth. Twenty maxillary
molars were endodontically treated. Ten teeth were restored using BFRC (Opus Bulk Fill Flow
APS, FGM) to fill the pulp chamber and coronal dentin and conventional composite resin
(Opallis, FGM) to restore the enamel layer. The other teeth were restored using GIC (Maxion
R, FGM) to fill the pulp chamber and composite resin (Opallis, FGM). The samples were
divided into two groups, and the root canals were reaccessed using a handpiece with white or
ultraviolet lighting. The teeth were scanned using micro-CT before and after root canal
reaccess. The volume of dentin removed was calculated, and the data were analyzed using 2-
way ANOVA and Tukey’s test (a=0.05). The dentin walls affected were classified and
described using the frequency. Root canal reaccess with GIC resulted in fewer affected pulp
chamber walls and a lower volume of dentin removed at the pulp floor. No effect was observed
on the dentin coronal walls regarding the filling protocols. The white lighting handpiece
reduced the dentin removal from the pulp chamber irrespective of the filling protocol used. The
use of a white lighting handpiece and the use of GIC to fill the pulp chamber reduced dentin

removal from the pulp floor and affected fewer dentin walls.

Key Words: retreatment root canal, reaccess, glass ionomer cement, bulk fill composite resin,

dentin removal.
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INTRODUCTION

Several materials have been indicated for restoring posterior teeth after endodontic
treatment (1), such as conventional composite resins or bulk fill composite resins associated or
not with glass ionomer cement (GIC) (2). The use of GIC for filling the pulp chamber has been
implemented to reduce shrinkage stress (2). Definitive restoration is important to maintain the
quality of endodontic treatment (3). When endodontic treatment fails, new root canal access
should be realized to allow effective cleaning, shaping and reobturation of the root canal (4).
The inability to distinguish between the tooth structure and the restorative material during
retreatment can result in damage to intact dentin on the lateral walls or at the pulp chamber
floor due to the similarity between resin composite and tooth structure (5). In extreme
situations, accidental perforation of the pulp chamber can occur, which is a severe complication
in endodontic and restorative procedures (6, 7), and is considered one of the major causes of
failure of endodontic treatment (6).

The color and stiffness of the restorative material used in the pulp chamber can influence
the identification of this material, preventing accidental dentin removal. GIC has lower
mechanical resistance (8) and higher opacity than composite resin (9). Flowable composite
resin that is easy to inject inside the pulp chamber is normally more translucent (10), mimicking
the adjacent tooth structure. For removal of restorative materials in coronal cavities and inside
the pulp, a conventional high-speed handpiece with a diamond bur has usually been used. Some
restorative materials present higher fluorescence that makes them more visible when exposed
to ultraviolet light (11). High-speed handpieces with ultraviolet LED headlamp systems can
highlight the fluorescence of these restorative materials, creating a contrast to that of the dental
structure (11, 12).

This specific illumination from the handpiece can facilitate the selective removal of
these composites and reduce the damage to intact dentin compared to that from conventional
high-speed handpieces. To the best of our knowledge, no study has tested the efficiency of
using GIC or a flowable resin layer for filling pulp chambers and that of using white or
ultraviolet LED high-speed handpieces to prevent iatrogenic intact dentin removal during
endodontic access cavity preparation for retreatment. The aim of this study was to evaluate the
influences of the type of restorative material used for filling endodontic treated molars and the
type of light presented by the headpiece during reaccess preparation for retreatment of root

canals in first upper molars on intact dentin removal and the location of the dentin removal.

MATERIALS AND METHODS
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Teeth selection and access

This study was approved by an ethics committee (protocol #2.570.199). Twenty intact
human first upper molar teeth with similar size and shape were imbedded in polystyrene resin
(13). The teeth were endodontically treated using a round diamond bur (#1014, KG Sorensen,
Cotia, SP, Brazil) in a high-speed handpiece (Kavo, Joinville, SC, Brazil) under refrigeration
to access the pulp chamber, and an Endo-Z drill (KG Sorensen, Cotia, SP, Brazil) was used to

ensure a standardized cavity contour, allowing the location of the canal orifices.

Canal instrumentation and obturation

The teeth were instrumented 1.0 mm above the apical foramen. A Prodesign S system
(Easy Equipamentos, Belo Horizonte, MG, Brazil) was used for irrigation with NaOCl 2.5%
(ASFER, Sao Caetano do Sul, SP, Brazil) using a 5 mL syringe (Ultradent, South Jordan, Utah,
USA) and NaviTip (Ultradent, South Jordan, Utah, USA). AH Plus endodontic cement
(Dentsply, Petropolis, RJ, Brazil) and the lateral condensation technique were used for
obturation, with the apical portion of the gutta-percha cone kept 1.0 mm from the radiographic

apex.

Restorative procedures

The endodontically treated teeth were randomly sorted into two groups (n=10) using
www.random.org. Group GIC (Figure 1A): Glass ionomer cement (Maxxion R, FGM,
Joinville, SC, Brazil) was used to cover the pulp chamber floor with a 1.5-2.0 mm layer using
a Centrix syringe (Maquira, Parand, Brazil). The restoration was completed using selective
enamel phosphoric acid 37% (Condac 37%, FGM) etching for 30 s, and a self-etching adhesive
system (Clearfil SE Bond, Kuraray, Japan) was applied and light cured for 20 s. The
conventional composite resin (Opalis, FGM) was inserted in 2.0 mm increments and light cured
for 40 s. Group BFCR (Figure 1B): Bulk fill flowable composite resin (Opus Bulk Fill Flow,
FGM) was used to cover the pulp chamber floor with a 4-mm layer, and the occlusal restoration
was filled using a conventional composite resin similar to that of group A. All the materials
were light activated by using a VALO Cordless (Ultradent Products, South Jordan, UT, USA)
light curing unit with irradiance of 1400 mW/cm?, and the curing was verified by a MARC

resin calibrator (BlueLight, Halifax, Canada).

Reaccess preparation in teeth
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The teeth of each restorative protocol were randomly sorted into two groups (n=5) using
www.random.org, and each group was subjected to a different method to reaccess the root canal
for retreatment: Group WLHP, high-speed handpiece with white lighting (Kavo, Joinville, SC,
Brazil) using 1.3 mm rounded high length diamond bur (#1013 HL, KG Sorensen, Cotia, SP,
Brazil) and Group VLHP, ultraviolet LED light high-speed handpiece (Ultra Vision Cobra
LED, Gnatus, Ribeirdo Preto, SP, Brazil) (Figure 1C). Root canal access preparation was

performed until the gutta-percha in the root canal orifices were localized.

Micro-CT analysis

To evaluate the amount of intact dentin removed by the access cavity preparation, the
teeth were scanned after restoration and after reaccess preparation using a micro-CT device
(SkyScan 1272, Bruker, Belgium). The image acquisition took approximately thirty-six
minutes for each tooth, with a standardized position, using the following parameters: an
exposure time of 1800 ms, an energy 100 KV-100 pA, a 180° rotation with a step of 0.700, a
Cu filter 0.11 mm thick, and a 15 um voxel size.

The images acquired by micro-CT were imported to a computer and rebuilt using
Nrecom software (version 1.6.10.1, SkyScan, Bruker, Belgium) with approximately 1.050
slices, respecting the anatomical limits of the samples. The reconstructed images were overlaid
using DataViewer software (version 1.5.1.2, SkyScan, Bruker, Belgium) and then analyzed
with micro-CT analyzer software (CTAn, version 1.13, SkyScan, Bruker, Belgium) (14). The
restored tooth reference image (Figure 1D) and the tooth image after endodontic re-access were
superimposed (Figure 1E). A volume difference image (Diff), which represented the volume of
dentin removed during root canal access for retreatment, was generated. Eight hundred layers
with a resolution of 0.4 pm were used to generate the volume of dentin removed. The volume
was obtained in mm?, and the percentage was calculated as a function of the total volume of
each tooth. Using CTVOL software (CTVol, version 2.0, SkyScan, Bruker, Belgium), 3D
images of the volume of dentin removed were generated. The number and face (M: Mesial; D:
Distal; B: Buccal; and L: Lingual) of the damaged dentin walls in the pulp chamber and crown

during access to the root canal for endodontic retreatment were recorded (Figure 1F).

Statistical analysis
The normality of the distributions (Shapiro Wilk’s test) and the equality of variances
(Levene’s test) of the dentin volume removal (mm?) data were tested, followed by parametric
statistical tests on the data. Two-way analysis of variance (ANOVA) was performed, followed
4
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by Tukey’s test. The number and location of the dentin walls affected were described using the
frequency. All the tests employed a significance level of oc = 0.05 and were carried out with the

statistical package Sigma Plot version 13.1 (Systat Software Inc., San Jose, CA, USA).

RESULTS

The dentin volume removed (mm?) during root canal access preparation for endodontic
retreatment for all the tested combinations is shown in Table 1. Two-way ANOVA revealed
that the restorative material (P < 0.001) and handpiece lighting (P < 0.001) had significant
effects on only the dentin removal in the pulp chamber. The material used (P = 0.812) and
handpiece lighting (P = 0.452) had no influence on the dentin removal in the coronal region. In
general, dentin removal was more evident in the pulp chamber than in the coronal portion.
When using GIC for filling the pulp chamber, the dentin removal was significantly lower than
when flowable bulk fill composite resin was used, irrespective of handpiece lighting used.

The affected faces and the numbers of damaged dentin walls during access for root canal
retreatment are shown in Table 2 and Figure 2. The use of GIC on the pulp chamber reduced
the number of involved dentin walls affected by dentin removal during access preparation. The
buccal and lingual walls were the most affected walls in the pulp chamber. The volumetric
representation generated by micro-CT analysis is shown in Figure 2. Greater dentin removal

was observed in the pulp chamber than in the coronal portion.

DISCUSSION

The use of the white light high-speed handpiece associated with GIC to fill the pulp
chamber reduced the volume of dentin removed from the pulp chamber and resulted in fewer
affected dentin walls.

Preservation of the remaining coronal dentin should be a primary goal to prevent
fractures in endodontically treated teeth (15). The stiffness of the cusps is significantly reduced
when endodontic access involves the axial walls of dentin adjacent to each proximal cavity
(16). Endodontic access and axial walls can weaken the tooth by up to 60% compared with
nonrestored teeth (15). The final shape of the root canal access is clinically relevant because
poorly performed access preparation may compromise the next steps of the treatment, resulting
in an increased risk of treatment failure (17). The remaining composite resin can create an
obstacle for endodontic file access, making correct instrumentation more difficult. To avoid
this situation, a straight-line pathway into canals is necessary to enhance instrumentation

efficacy and prevent procedural errors (18).
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Although the success rate of endodontic treatment is close to 90% (19), even well-
performed root canals may fail (20). Endodontic retreatment is the most recommended option
in solving these failures, demanding the removal of restorative materials for root canal access.
Maintaining dentin integrity should be a goal when access to the root canal for retreatment is
necessary, as intact dentin removal can increase tooth fracture after the final restoration (21).
During root canal access for retreatment, a significant amount of dentin can be removed
laterally and from the pulp floor, which might lead to a higher occurrence of fractures (22). The
use of micro-CT is an important non-destructive methodology that allows interpretations of
images before and after clinical protocols (23).

Depending on the material used for filling the pulp chamber and the handpiece lighting
used to perform root canal access preparation for retreatment, the dentin walls may be better
preserved. In the case of retreatment necessity, the restorative material used for filling cavities,
mainly the pulp chamber in molar teeth, after endodontic treatment is determinant to avoiding
accidental dentin removal (24). The use of flowable bulk fill composite resin to fill the pulp
chamber makes insertion easy, reducing time and bubble formation (25). However, the
similarity of the color of this fill to that of root dentin (10) makes it difficult to identify the exact
limit of the restoration during the removal process. The use of bulk fill flowable composite
resin resulted in more intact dentin removal during root canal reaccess preparation. Greater
damage to the floor was verified, increasing the possibility of accidental perforation (7). In
contrast, when the pulp chamber was filled using GIC, lower damage to the pulp floor was
observed. The higher stiffness of the bulk fill flowable composite resin requires more force
applied during material removal, increasing the possibility of undesirable contact of the bur
with the root dentin. Mainly when associated with white lighting, GIC removal from the floor
of the pulp chamber was facilitated by better visualization and by its texture and lower stiffness
(8). In some cases, the use of only an exploratory probe with a straight and sharp tip was enough
to remove the GIC from the walls, resulting in less accidental dentin removal. This study
demonstrated that using GIC to fill the pulp chamber and seal the entrance to the root canal in
molar teeth is recommended for reducing dentin removal during reaccess preparation for root
canal retreatment. The use of ultraviolet light was tested to demonstrate that the fluorescence
of the composite resin tested could more easily identify the limit of the restorative material. The
ultraviolet light helped to identify the material only at the occlusal surface during the initial
removal because the light intensity was able to highlight the fluorescence of the composite resin

(11, 12). The obstruction of the view with a high-speed handpiece head, as well as the angle of
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direction, and consequent reflection of the lighting on the tooth crown limited the visualization
in deeper regions.

In conclusion, the use of GIC for filling the pulp chamber reduced accidental dentin
removal. The use of handpieces with ultraviolet light offered no advantage in preventing dentin
removal. When using a handpiece with white light, the intact dentin removal was lower than
when using a handpiece with ultraviolet light, irrespective of the restorative material used. Extra
caution should be exercised when removing restorative material located on the palatal and

especially on the buccal walls of the pulp chamber.

RESUMO

Este estudo avaliou os efeitos do cimento de iondmero de vidro (GIC) e da resina composta
fluida bulk fill (BFRC) usados como preenchimento da cdmara pulpar; e o tipo de iluminagéo
das turbinas de alta rotagdo na remogdo dentinaria apds cavidades de acesso para retratamento
endoddntico em dentes molares. Vinte molares superiores foram tratados endodonticamente.
Dez dentes foram restaurados usando BFRC (Opus Bulk Fill Flow APS, FGM) para preencher
a camara pulpar e dentina corondria; e resina composta convencional (Opallis, FGM) para
restaurar a camada de esmalte. Os outros dentes foram restaurados usando GIC (Maxion R,
FGM) para preencher a cdmara pulpar e resina composta (Opallis, FGM). As amostras foram
divididas em dois grupos e os canais radiculares foram novamente acessados com turbina de
alta-rotagdao com iluminag¢éo branca ou ultravioleta. Os dentes foram escaneados usando micro-
CT antes e apds 0 novo acesso ao canal radicular. O volume de dentina removida foi calculado
¢ os dados foram analisados por ANOVA bidirecional e teste de Tukey (0=0,05). As paredes
de dentina afetadas foram classificadas e descritas pela frequéncia. A reabertura do canal
radicular com GIC resultou em menos paredes afetadas da camara pulpar e menor volume de
dentina removida no assoalho. Nenhum efeito foi observado nas paredes de dentina coronaria
considerando aos protocolos de preenchimento. A turbina com iluminagéo branca reduziu a
remocdo de dentina da camara pulpar, independentemente do protocolo de restauracdo
utilizado. O uso de turbina com iluminagdo branca e GIC para preencher a camara pulpar

reduziram a remogdo de dentina do assoalho e afetaram menos paredes dentinarias.
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Table 1. Mean and Standard deviation values of dentin volume wear (mm?) during root canal

access for endodontic retreatment.

White Light Ultraviolet Light
Restorative
Protocols Pulp Pulp
Crown Crown
Chamber Chamber

Bulk Fill Composite Resin 8.8 (1.1) Bb 3.3 (1.6) Aa 11.4 (3.2) Bb* 4.9(1.2) Aa

Glass Ionomer Cement 5.0 (1.9) Aa 3.8(1.0) Aa 6.9 (2.4)Ba* 3.5(1.8) Aa

Different letters and * represent significant differences between the factors. Capital letters used
to compare tooth regions for each lighting mode; lower case letters used to compare restorative
materials used to fill the pulp chamber. * Used for comparing lighting modes within each

region. Comparisons by Tukey’s test (P < 0.05).
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Table 2. Number and location of damaged dentin walls generated during re-access of root canals

for endodontic retreatment.

coONOUVThA WN =

Restorative White Light Ultraviolet Light

1
2 Procedures Pulp Chamber Crown Pulp Chamber Crown

14 MDBLMDIBLMDIBL MDBL

16 Bulk Fill Composite
17 23322 01 1 10 5 3 2 1 31
18 Resin

20 Glass Tonomer
Cement/Incremental 1 1 4 5 1 2 1 2 0 3 3 1 1 2 2 1
23 Technique

25 M: Mesial; D: Distal; B: Buccal; and L: Lingual.
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Figures Legends

Figure 1. A. Schematic illustration of the flowable bulk fill composite resin/conventional
composite resin group; B. schematic illustration of the glass ionomer cement/conventional
composite resin group; C. handpiece with ultraviolet light during re-access opening; D. micro-
CT image of the sample after endodontic treatment and coronal restoration; E. micro-CT image
of the sample after re-access opening; F. 3D volumetric superposing micro-CT before and after

re-access opening.

Figure 2. Volumetric micro-CT representation of dentin removed from coronal and pulp
chamber regions, considering the restorative materials and handpiece light used for retreatment
root canal access; A. handpiece with ultraviolet lighting/BFRC; B. handpiece with white
lighting/BFRC; C. handpiece with ultraviolet lighting/GIC; D. handpiece with white
lighting/GIC; (1, lingual face; b, buccal face; m, mesial face; and d, distal).
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30 Figure 1. A. Schematic illustration of the flowable bulk fill composite resin/conventional composite resin

31 group; B. schematic illustration of the glass ionomer cement/conventional composite resin group; C.

32 handpiece with ultraviolet light during re-access opening; D. micro-CT image of the sample after endodontic

treatment and coronal restoration; E. micro-CT image of the sample after re-access opening; F. 3D
volumetric superposing micro-CT before and after re-access opening.
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Figure 2. Volumetric micro-CT representation of dentin removed from coronal and pulp chamber regions,
considering the restorative materials and handpiece light used for retreatment root canal access; A.
handpiece with ultraviolet lighting/BFRC; B. handpiece with white lighting/BFRC; C. handpiece with

ultraviolet lighting/GIC; D. handpiece with white lighting/GIC; (I, lingual face; b, buccal face; m, mesial
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ABSTRACT

Introduction: Fiber post can fracture and root canal can need to be retreated
demanding the necessity of fiber post removal. The undesirable root dentin
removal and the possibility of root perforation make this process a challenge
procedure. The aim of this cone beam—computed tomographic study was to
evaluate the influence of the fiber post removal technique on the root dentin
removal, the preservation of the original root canal alignment and the root
perforation after fiber post removal. Methods: Thirty extracted human maxillary
molars with fully formed apices and were randomly assigned to 3 groups: mic-
Ult, FGP removed using ultrasonic inserts with microscopy magnification; mic-
DiB, FGP removed using diamond burs with microscopy magnification; and Endo-
G, using endodontic guide access. The root canal accesses were performed
using rounded diamond bur and microscopy magnification. Samples were
scanned initially, after root canal access and after FGP removal. The CBCT
images were reconstructed by using InVesalius for resin volume of structure
removed and Mimics softwares (Materialise) to evaluate the root canal alignment
and the root perforation. The time spent for root canal access and FGP removal
were recorded. Results: The volume of the resin composite removed for root
canal access were similar for all groups, proving the standardization of this
process. Endo-G showed a greater preservation of the original root canal
alignment, caused less root dentin removal and spent less time than mic-Ult and
mic-DiB. The time consumed. Conclusions: Within the limitations of this study,
Endo-G may lead to a better preservation of the original canal alignment, save
root dentin structure and consume less time during FGP removal compared with

mic-DiB and mic-Ult.

Keywords: Fiberglass post removal, dentin removal, root perforation, canal
alignment.

Significance: The use of guided endodontics has been used in complex
conditions to reduce the possibility of iatrogenic effects and excessive dentin
removal. For removing FGP the use of guided endodontics demonstrated to be a

promising alterative.
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INTRODUCTION

The adhesively cemented fiberglass posts may be removed due the
post fracture'5, or when the tooth require endodontic retreatment®-8. Mechanical
removal using drills, specific devices developed by post manufactures, or
ultrasonic methods have been used to FGP removal’-'2. These techniques may
generate complication such as excessive loss of tooth structure’®, deviations in
the root canal path, perforation and heating®'4, which is a particular concern when
using ultrasonic vibration'?. The operator experience can also influence the
quantity of surround dentin removed and time consumed for post removal®1°,
Recently, three-dimensional guided removal posts have been proposed as
alternative to the conventional techniques'®'”. Guided endodontic was initially
developed to access calcified root canals''9. This concept combines information
obtained by cone beam computed tomography (CBCT), surface scanning of teeth
or models, and virtual planning to obtain a prototype guide used to endodontic
access®1920, According to current literature, this method presents precision?’,
preserve the tooth structure, avoid perforations, reduces working time, and is not

influenced by the operator's experience’®.

To date, on the best of the author’'s knowledge there are no studies
that compare the dentin loss of and the alteration of the canal transportation
promoted by FGP removal using guided endodontics, compared with ultrasonic
inserts and diamond burs. The aim of this in vitro study was to evaluate the time
consumed, the dentin loss and the canal transportation promoted during the
removal of FGP by using endodontic guide, ultrasonic or diamond drills through
CBCT associated with 3D reconstruction softwares analysis. The null hypothesis
was that the endoguide would not reduce the time consumed for FGP removal

and would not in difference between the methods.
MATERIAL AND METHODS

Teeth selection, endodontic treatment and fiber glass post cementation
Thirty freshly extracted maxillary first permanent human molars with

fully formed apices were used in accordance with the local ethics committee

(protocol 85533718.1.0000.5152). The teeth had the lingual cusp and coronal
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portion removed and the pulp roof was removed simulating the structured
compromised teeth that required endodontic treatment. The teeth were
embedded in polystyrene resin (Crystal, Piracicaba, SP, Brazil) and mounted in
a polyacetal device designed for this study that allowed the stabilization and

standardization of the positions during all procedures (Figure 1).

The endodontic treatment was performed using Logic system (Easy
Equipamentos, Belo Horizonte, Brazil) for root canal preparation, then the root
canals were filled with gutta-percha and resinous sealer, AH Plus (Dentsply,
Pennsylvania, USA). The root palatal canal was prepared with 2/3 of root length,
leaving at least 5Smm of endodontic filling material the fiber glass post (#2,
WhitePost, FGM, Joinvile, SC, Brazil) was cemented using self-adhesive resin
cement (Rely U200, 3M Oral Care, St. Paul, MN, USA).

Cone beam computerized tomography (CBCT) images and FGP removal
The initial CBCT images were taken with the XP 68 Prexion 3D,
(Tokyo, Japan) device at 110 kV, 6.19 mAs, using a FOV of 5cm. The root canal
access of all teeth was performed using rounded diamond bur (#1014, KG
Sorensen) and Endo-Z bur (Prima Dental, Gloucester, New England) to access
the FGP into the entrance of the root canal. The CBCT images were obtained
after root canal access following the same protocol. The teeth were randomly

allocated in three groups for FGP removal:

Mic-Ult: FGP was removed using E3D and E2D ultrasonic inserts
(Helse, Sao Paulo, SP, Brazil) accoupled to an ultrasonic device (Newtron
Satelec, Merignac, France) with clinical microscopy magnification (OPMI Pico

Zeiss, Jena, Germany);

Mic-DiB: FGP was removed using rounded diamond bur (1011 HL, KG
Sorensen, Barueri, SP, Brazil) accoupled a high-speed handpiece (Dabi-Atlante,
Sao Paulo, Brazil) with clinical microscopy magnification (OPMI Pico Zeiss, Jena,

Germany) under continue irrigation with saline solution;

Endo-G: FGP was removed using prototyped endodontic guide with

drill diameter according to the endodontic post length and diameter (Ref 103.395,
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Neodent, Curitiba, Brazil) at 950 rpm and 5-Ncm torque. Initially, the teeth were
scanned to generate the STL file, which was uploaded to a guided implant
software (CoDiagnostiX, Dental Wings, Montreal, Canada) and the access was
planned to all samples with a 1.3mm diameter drill (Ref 103.395, Neodent,
Curitiba, Brazil) from the beginning to the end of the post. The 3D-printing of the
guide was performed by a Moonray DLP 3D-Printer (Sprintray, Los Angeles,
USA) with a Surgical Guide Resin (Sprintray, Los Angeles, USA). The guide
made every two samples was tested in model to assess adaptation to the
supporting structures, insertion axis, mismatch or any alteration that could

change the accuracy of the guided access.

The FGP removal was confirmed when the gutta-percha was detected
by suing microscopy magnification for groups Mic-Ult and Mic-DiB and at the end
of the bur planned length penetration for Endo-G. The time spent for root canal
access and fiber post removal was recorded for all specimens. The CBCT images

were obtained again after fiber post removal.

Analysis of dentin removal during root canal access and FGP removal
Evaluation of tooth structure wear was performed using InVesalius
software (Renato Archer Information Technology Center, Campinas, S&o Paulo,
Brazil) on an Macbook Air, operational system Sierra 10.12.6 (Apple Inc,
Sunnyvale, California, USA). The threshold was established by gradually
increasing the minimum density value until the support was wholly excluded from
the image. The initial and final volume of enamel and dentin of each tooth was
calculated in cubic millimeters. The volume of tissue removed at the coronal
opening and FGP removal was calculated using the following formula: Vr= Vt-Vf,
where the Vt was the volume of tooth after tissue removed at the coronal opening

and Vf was the volume of tooth after FGP removal.

Qualitative analysis of root canal alignment and root canal perforation

The different hard tissues visible on CBCT images were identified
using interactive medical imaging software (Mimics 16.0; Materialise, Leuven,
Belgium). Segmentation of the tooth structures and restorative materials were
accomplished based on image density thresholding. The 3D reconstruction was
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used for define the root alignment and to generated the 3D reconstructed images
before and after fiber post removal that were qualitatively evaluated by 3
experience professionals regarding the alteration of root canal alignment and the

presence of root canal perforation following the scores:

a. Score 0 — no root canal alignment alteration and no root perforation;

b. Score 1 — small alteration without apical center modification and no
root perforation;

c. Score 2— moderate alteration with apical center alteration without root
perforation;

d. Score 3 — Severe alteration with root perforation.

Statistical analysis

Volume of dentin (mm3) and time spent (minutes) data were tested for
normal distribution (Shapiro-Wilk) and equality of variances (Levene test),
followed by parametric statistical tests. One-way analysis of variance (ANOVA)
was followed by the Tukey test. The qualitative analysis of root canal alignment
and root perforation were subjected to the chi-square test. All tests used statistical
significance of a. = 0.05 level of and all statistical analyses were carried out with
Sigma Plot version 13.1 (Systat Software Inc., San Jose, CA, USA).

RESULTS

Time spent for root canal access using microscopy and diamond burs
and for fiber post removal are shown in Fig. 2. Similar time was spent for root
canal access for all groups (P = 0.200). The fiber post removal using microscopy
and ultrasonic inserts spent significantly more time than microscopy and diamond
burs protocol. The use of Endo-G for fiber post removal spent significantly less

time than both other techniques.

The volume of resin composite removed during for root canal access
using microscopy and diamond burs and the volume of root dentin removed

during the fiber post removal are shown in Fig. 2. Similar volumes of resin
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composite were removed during root canal access for all groups (P = 0.203). The
fiber post removal using microscopy and diamond burs caused significantly more
root dentin removal than when used microscopy and ultrasonic insert protocol (P
<0.001). The use of Endo-G for fiber post removal resulted in significantly smaller

volume of root dentin removal time than both other techniques (P < 0.001).

The frequency root canal transportation, the root canal perforation and
the representative 3D reconstruction of specimens for all groups before and after
fiber post removal are shown in Fig. 3. Fiber posts removed using
microscopy/ultrasonic insert and microscopy/diamond burs caused significantly
more root canal alignment alteration and root perforation than Endo-G (P <
0.001).

DISCUSSION

This is the first study comparing dentin loss and treatment duration
promoted by FGP removal using guided access, ultrasonic and diamond burs in
molars. The null hypothesis was rejected as guided access outperforms the other
techniques in the investigated parameters. These finds are confirmed recent
clinical reports which demonstrated that fiber post removal using endodontic
guide is safer, maintain the axis of the drill in the root canal axis and contribute to
the preservation of root structure15-17. This method was compared to ultrasonic

devices and burs which are generally used for disassembly the FGP7, 8.

The use of conventional diamond burs to remove FGP is usually
carried out through a hole in the center of the post and for additional milling with
large-diameter drills9,11. This kind of removal process is prone to accidents as it
is difficult to control high-speed burs within small space of root canals, which tend
to slip off the surfaces8. This situation was noted in current study as high amount
of surround dentin was removed in the drilled group. This protocol also caused
the alteration of root canal alignment and resulted in one specimen with root canal
perforation. Ultrasonic devices are also commonly used for the removal of luted

posts being related to reduced quantity of dentin removed and risk of root
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perforation13. The ultrasonic energy is not transmitted to the post and the cement
as occurs on metal posts8. The resin-based cements neutralize the ultrasonic
vibrations and fiber post/resin cement removal occurs mainly by the action of
ultrasonic cutting tips which turns the dental structure wear unavoidable. The
ultrasonic insert protocol spent significantly considerably more time than other
techniques and also caused root dentin perforation in two specimens. Ultrasonic
inserts used into the root canal can heat the dentin12, needs clinical experience,
familiarity in handling ultrasonic devices10, and use of magnification13. Post
removal with ultrasonic tips may took longer than when associated with drill

method, which is in part confirmed by current literature22.

Other alternatives for FGP removal as the use of Er:YAG laser12, and
specific kits have been evaluated8,9,11,23. It has been demonstrated that
referred methods are faster than ultrasonic tips11,12,23,24. However, in most
cases the type of fiber post is unknown and removal kits are ineffective because
they are specifically designed by their respective post systems9,11. Guided
endodontic emerges as a new alternative for management of complicated cases
of FGP removal15-17. resulting in faster and secure procedure than conventional
methods. Even for an experienced endodontist using operating microscope,
conventional access with diamond burs or ultrasonic inserts resulted in more
dentin wear, alteration on the root canal alignment and root dentin perforation
during post removal than guided removal. Previous studies evaluating the use of
endodontic guides for access simulated calcified canals demonstrated lower
dentinal loss and working time, and higher canal location than conventional
technique regardless of previous professional experience25. Although the
present study did not compare the performance of removal methods depending
on the operator's skills, it is evident that the use of virtual guided planning for FGP
removal significantly decreases the chances of iatrogenic occurrences. However,
itis important emphasize that this method can also result in deviation of root canal
axis as observed in one sample, indicating that it's the utmost importance perform
radiographic images during the post removal to avoid catastrophic occurrences.

Another point of interest in current study was determine the role that

the access cavity would play in total dentin removal. For this purpose,
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intermediate CBCT images were performed after design the access cavity, with
no statistical differences found between the groups in this stage. Although pre-
clinical studies have used microtomographic images for analysis of canal
deviation and changes in dentinal volume promoted during post removal11,13.
the use of CBCT was chosen because this is the image exam used for planning

the treatment.

Despite the promising results of studies enrolling the guided
endodontics approach18, is important to emphasize that in 3 samples were
observed expressive amounts of residual materials on the root canal walls. These
residues were also observed in drills and ultrasonic groups, as previously
demonstrated by other studies23,24. Most fiber post removal techniques leave
cement, gutta-percha, or fiber post residues on the dentin walls which is
undesirable9,11,23,24. In this way, some improvements need to be performed
for use guided post removal as the development of special drills to differential cut
of fiber post and intermediate restoration, that allow better irrigation and avoid
temperature increase17. and the specific design for posterior tooth due the limited
accessibility in the posterior area16,21. The absence of a model that mimics the
insertion of the endodontic guide in upper molar region was the major limitation
of the present study as the samples were not inserted in jaw models, which may
have facilitated the post removal and reduced the total time necessary for the
procedures. This might have not been a source of inaccuracy as all the tooth
were included similarly. In conclusion, within the limitations of this in vitro study,
the guided endodontics access reduces the treatment duration and amount of

dentin loss promoted during the fiber post removal.
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FIGURES AND LEGENDS

Figure 1. A. Polyacetal device with 10 samples fixed for root canal access and
FGP removal; B. prototyped printed guide installed and fixed on the pared
specimens; C. Root canal access finalized with visualization of FGP (red arrow);
D. FGP removal finalized with visualization of gutta-percha (red arrow); E. 3D
reconstructed images of specimens after root canal access; F. 3D reconstructed

images of specimens after fiber post removal.
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Figure 2. A. Time (minutes) spent for root canal access using microscopy
visualization and diamond bur; B. Time (minutes) spent for FGP removal by using
three protocols; C. volume of root dentin removed (mm?) after root canal access
for all groups using spherical diamond bur; D. volume of root dentin removed

(mm?3) after FGP removal using three protocols; different letter means significant

difference among tested protocols (Tukey test, P < 0.05).
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Figure 3. Representative 3D images of specimens before and after root canal
access and FGP removal using all protocols; A. specimens of Mic-Ult group
showing considerable root dentin removal located closer to pulp chamber; red
arrow shows the root perforation; B. specimens of Mic-DiB group showing
considerable root dentin removal along the entire root canal; red arrow shows the
root perforation; C. specimens of Endo-G showing consistently less root dentin
removal along the entire root canal;, D. distribution of root canal alignment
alteration and root dentin perforation; different letter means significant difference
among groups (Qui-square test, P < 0.05).
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Guided access and ultrasonic inserts under operatory microscope as an

alternative technique to failure in fiber post.

ABSTRACT

This study presents two cases report of fiberglass post (FGP) removed by using
digital planning endodontic guide. The first clinical case demonstrated a
successful protocol for removal a fractured FGP cemented adhesively in a
maxillary lateral incisor. The second clinical case shows the therapeutic
alternative in unsuccessful removal of fiber posts by guided access. After the
virtual planning made by CBCT and the oral cavity scanning, during the removal
procedure there is any deviation in the intended direction evaluated by trans
operative radiographs. This procedure avoided iatrogenic procedures, the wear
of the fiber post may also be performed by ultrasonic diamond inserts under
microscope magnification, considering it a possible alternative to continue the
fiber post removal. The endodontic guide has been gained popularity and shows
a promising alterative for FGP removal, however the planning is complex and the

execution can be associated with constant x-ray evaluation.

INTRODUCTION

Fiberglass posts (FGP) have been increasingly used due to their
excellent aesthetic properties, low cost and biomechanical properties.' Flexural
strength and modulus of elasticity similar to dentin optimize the stress distribution
to the root dentin, reducing the chances of catastrophic fractures.?? Although
FGP has clinical success greater than 90%,* failures can occur, which are always
undesirable and can compromise the maintenance of the tooth. The most
frequent complication is post debonding; which is influenced clinically by many
factors, such as the amount of remaining dental structure, occlusal pattern,
periodontal status, parafunction, presence of ferrule, and quality of bonding
interaction mediated by root dentin and FGP surface treatement.*”
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The treatment of the adhesive surface, the absence of bubbles and
porosity and the thickness of the cement layer influences the performance of the
restorations.® Endodontic procedures performed before the luting of FGP may
jeopardize the cement-dentin bonding interaction.8 Endodontic failures can also
compromise the longevity of restored teeth, requiring its removal the FGP for
performing the endodontic retreatment. The similarity of color between root
dentin, the cement layer and the FGP, associated to the improvement of adhesive
systems has made the removal of FGP a complex challenging.® The FGP can be
removed by fragmentation within the root, which can result in accidental dentin
removal and severe complications.’® Previous endodontic treatment and
preparation with drills for post installation reduces the dentin thickness in critical
areas, weakening the root structure.' During the removal of FGP careful
attention should be done regarding the dimensions of the access cavity
preparation, the diameter and length of the FGP and the compatible dimensions
of the instrument used for FGP removal, in order to minimizing iatrogenic removal

of healthy dentin, predisposing to root fracture.?

The most commons methods used to remove FGP are drills,'314
removal kits for a specific FGP,° ultrasonic inserts,' and recently three-
dimensional (3D) guided endodontics.'? The endodontic guide was generated
from the perspective initially used in the implantology, for the installation of guided
implants. The clinicians started to use the 3D information obtained from cone
beam computed tomography (CBCT) associated with the information obtained
through intraoral scanning to create a guided virtual planning.'>'® This technique
has improved the performance of apical surgeries,'® the location of calcified

canals in previously traumatized teeth,'%'® and also FGP removal."%-12

The 3D guided endodontics consider the root anatomy and canal
direction to realization of the access cavity and FGP removal.'%'2 This protocol
has been described to make the procedure safer, more predictable, and can also
preserve greater amount of root dentin.'® However, clinical reports of its use for
removing FGP have not raised questions regarding the limitations of the guided
procedure, only extolling its advantages. Thus, the aim of these two case reports

were to describe a successful FGP removal using guided endodontics and also
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the limitations of the technique when the direction of access does not match that

of virtual planning.
CASE REPORTS.

Both cases presented were referred by clinicians to endodontics
specialist to remove a fractured FGP, aiming to installing another post and
indirect restoration. The referrers did not send any information about the brand
and model of the FGP used, or which cement was used for FGP cementation.
Patients received information regarding technical complexity of FGP removal, the
alternative protocols were presented with limitations and risks, them they decided
for endodontic guided removal. An informed consent form was signed allowing

the scientific use of their images.
Case 1

An 80 years old male patient attended the dental office with crown and
FGP fractures of tooth right central incisor (Fig 1A). There was a necessity for
new indirect restoration, after the removal of the FGP. On the initial periapical
radiograph, extension of the FGP was checked locating at the middle third of root
(Fig 1B). A CBCT scan (Morita Accuitomo 80; J Morita, Kyoto, Japan) was
requested for virtual planning and a silicon impression was taken from the upper
Jjaw using a polyvinylsiloxane impression material (Elite HD, Zhermack, Badia
Polesine, Italy). The patient was scheduled for a new consultation, considering
the time interval necessary for planning and executing the guide. The model was
scanned (7 Series Dental Wings, Montreal, Canada) and aligned with the CBCT
data using software CoDiagnostiX (Dental Wings, Montreal, Canada) to generate
a virtual guide. The CBCT specifications were: field of view 5 cm, 16 bits; 481
images; voxel size 0,125 mm?3. The association of the data obtained enabled the
3D impression of the endodontic guide (Moonray S, Sprintray, Los Angeles,
California). In the following consultation, the guide was tested, confirming the
adequate adaptation. Due to the good retention, fixing screws were unnecessary
(Fig 1C).
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Under constant irrigation with saline solution (Cristalia, Itapira, Brazil)
the procedure was performed using a drill (Ref 103.395, Neodent, Curitiba, Brazil)
in an endodontic engine (XSmart plus, Dentsply, Pennsylvania, USA) with 950
rom and 4N of torque. At each 3 mm of drill penetration depth, the procedure was
stopped, the guided removed and a periapical radiograph obtained with a digital
sensor (Fit T2, Microimagem, Indaiatuba, Brazil) using a portable X-ray device
(Diox, Microimagem, Indaiatuba, Brazil) This procedure aimed to ensure that the
direction of drill remained consistent with the root anatomy as previously planned
(Fig 1D). Complete removal of the FGP was confirmed by clinical analysis and
radiographic image (Fig 1E). All the procedure was performed without
anesthesia, under constant irrigation with saline, without any painful complaints
from the patient. After removing the FGP, a temporary crown with intraradicular
retention was performed, giving the patient esthetics and tooth function. The

patient was returned to the referred professional for definitive rehabilitation.
Case 2

Female patient, 45 years old, was referred by another professional
after a failed attempt to remove a FGP. According to the referred professional, a
rounded diamond bur in handpiece and direct vision had been used. In the first
consultation, a periapical radiographic examination confirmed the deviation from
the original direction of FP on tooth # 13 (Fig 2A). The data obtained by CBCT
field of view 5 cm, 16 bits; 481 images; voxel size 0,125 mm? (Morita Accuitomo
80; J Morita, Kyoto, Japan) and the oral cavity scanning made by Trios (3Shape,
Copenhagen, Denmark), were used for virtual planning using the software
OrthoAnalyzer (3Shape, Copenhagen, Denmark). A virtual guide was created,
the model was exported as a standard tessellation language (STL) file, was
printed in a 3D printer (Moonray S, Sprintray, Los Angeles, California, USA) for
guide printing. At the next consultation, under local anesthesia, the guide was
adapted and stabilized by fixation according to criteria defined by Lara-Mendes

et al.'8

The removal of FGP was initiated according to the same protocol
described on case 1. It was observed in the second radiographic a continuation
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of root canal deviation which probably would result in lateral root perforation (Fig
2B). It was opted to suspend the initial plan defined for removing the FGP
changing the alterative for using ultrasonic diamond inserts (Helse ultrasonic,
Sao Paulo, Brazil). After absolute isolation and use of a gingival barrier, using an
operating microscope (OPMI Pico Zeiss, Jena, Germany), the FGP removal was
continued with ultrasonic tip E3D (Helse Ultrasonic, Sao Paulo, SP, Brazil)
coupled to an ultrasonic device (Neo, Dabi Atlantic, Ribeirdo Preto, SP, Brazil) at
power 20%, without refrigeration. Every 5 seconds, irrigation was performed with
10 mL of saline solution to remove residues, generating cooling of the dental
structure and minimizing damage to the periodontal ligament. The delimitation of
the FGP and dentin structure was clear (Fig 2C), which facilitated the procedure,
but did not prevent undesirable removal of healthy dentin in some portions of the
canal. After progressive intervention, it was possible to identify the gutta-percha
(Fig 2D), indicating that the FGP removal had been completed. To confirm, a
radiographic examination was performed (Fig 2E). Temporary restoration was
carried out and the patient was returned to the refereed professional. Due to
successive interruptions for irrigation and cooling, the time consumed with this

procedure was approximately 3 hours.

Post removal with endodontic guide proved to be quite effective in
case 1, where no previous attempt to remove it had been made. In case 2, where
the tooth had been previously manipulated by another professional, indicating a
lateral deviation, the technique proved to be inadequate, as the professional did
not return to the original direction of the root canal. In such case, the careful use
of ultrasonic inserts associated with magnification by an experienced professional

was more effective.

DISCUSSION

The removal of FGP using the 3D endodontic guide proved to be an
effective technical option with preservation of root dentin in case 1, with less time
spent and professional fatigue during the procedure. In fact, the use of guided

technique has been associated to less time consuming, both by experienced
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specialists and by recently graduated clinicians.’®?° The accuracy and
reproducibility of endodontic guide to access cavity preparation was assessed in
vitro,222 and in vivo.2® These studies confirmed that unlike conventional
procedures, using special drills or tips for locating the canals, the guides can be
used by any professional with minimal deviation.?'-?3 However, most of studies
that have been used endodontic guides is restricted to the applicability in calcified
canals,'” anatomic variations,?® or apical surgeries.?® The use of this technique
for removing FGP have been also indicated, %1224 however technical adjustments

must be made for the best results.'?

In case 2, in which the root canal was previously deviated due to
inadequate access under high speed diamond bur, the use of drills in a guided
access was unable to return the original canal path and the deviation was
maintained. Radiographs were taken every 3 mm of the drill's penetration to
confirm the path, so the guided removal was interrupted before a possible
accident, allowing a re-planning the access. At least two periapical radiographs
at different angles during guided access have been recommended to calcified
anterior teeth,'® and in fact this is an essential precaution also when performing
guided FGP removal. In fact, during guided access is expected the possible bur
deviation ranging from 0.14 mm,? to 0.47 mm,?® depending on the region
evaluated, which has been classified as acceptable accuracy.?® Although it is not
possible to explain exactly the reasons for the deviation observed in this case,
some hypotheses can be raised: such as the use of implant drills whose design
and diameter are not specific for removing FGPs, and even the interference that

the FGP may have in the CBCT image and consequently in the virtual planning.

The continuity of removal using ultrasonic inserts associated with
microscopy magnification was successful, probably due to the great experience
of the professional. However, the isolated use of ultrasonic inserts consumes a
considerable time,® and without very well-established criteria can generate an
increase in temperature on the external surface of the root,?” in addition to
excessive and iatrogenic dentin removal.?® The heating generated during this
process can potentiate ligament necrosis as demonstrated previously.?” Guided

endodontic access also result in dentin loss,?° but in a concentric pattern, in
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opposition to conventional access using magnification which leads to
unpredictable destruction of root structure despite of the experience of the

operator.

Despite the lack of reports of root perforation when performing guided
endodontics to coronal access, ' it is not possible to make the same statement
when using it to remove FGP, as case reports are still scarce. Among the factors
that may be related to the success of guided endodontics, the CBCT image has
a considerable value.'®23 CBCT devices whose voxel size is larger, does not
allow the visualization of small diameter canals,?® and probably also interfere in
the planning of FGP removal, although there is still no data in the literature.
Before requesting the CBCT from the patient, the professional needs to
recommend a radiology center whose equipment meets the requirements
necessary for endodontic planning, considering that to create higher resolution
images the voxel size must be reduced.?® Another factor potentially capable of
influencing virtual planning is the method for obtaining the guide, whether
performed by oral scanning or scanning the models.'® The two related cases used
different methods to obtain the intraoral impression. The use of conventional
impression, followed by the scanning of a gypsum cast, increases the number of
steps and consequently can result in summative of small interferences in the final
result.3® Therefore, the case 1 would be prone although this is not considered
essential to achieve success in the procedure.'® Dentin thickness should also
always be considered when planning guided procedures, as this results in the
demand for smaller diameter drills,?? or even the development of drills with taper
that accompany the root canal.'? Especially when it comes to removing the
removal of fiber posts, there are still no specific drills for removing this material,
using the precepts developed for access to calcified root canals. The
development of specific drills for removing fiber posts can further improve the
success of the cases by reducing excessive wear, as well as the possibility of
deflection of the drill and guide, with consequent deviation of the path.
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CONCLUSION

The use of endodontic guided access is a viable alternative for FGP
removal, although preexisted deviations in the long axis of the root canal may not
be corrected. The use of high resolution CBCT should be recommended for
planning, as well as the use of reconstruction software that minimize the effects
of electron spreading by the FGPs. The performance of trans-operative
radiographs with the drill in position at different depths, is essential for checking
the removal direction, reducing the risk of complications such as root perforation.
Laboratory and clinical studies seeking to specifically access guided FGPs

removal are needed.
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FIGURES

Figure 1. A. Initial clinical aspect of the fractured fiber post inside the root canal
right central incisor; B. Initial X-ray of right upper central incisor with fractured
fiber post; C: Initial positioning of the access guide with perfect adaptation to
dental surfaces; D. Transoperative X-ray with bur to check the wear direction; E:
X-ray with #15 endodontic file in contact with gutta-percha, ensuring complete

removal of the fiber post.
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Figure 2. A. Initial X-Ray showing root canal deviation caused by diamond round
bur removal; B. Trans operative X-Ray with bur to check the wear direction,
showing deviation from the desired path; C. intra-coronal microscopy view of the
interface between the fiber post and root canal dentin; D. intra-coronal
microscopy view of the gutta-percha, demonstrating that the desired fiber post
removal depth had been reached; E. Final X-Ray showing complete removal of

the fiber post.
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4. CONCLUSOES

Dentro das limitagdes metodologicas destes estudos que envolveram

dois estudos laboratoriais e um relato de caso clinico pode-se concluir que:

a. acesso com alta equipado com luz branca, independentemente do material

restaurador usado na camara pulpar, permitiu menor perda dentinaria;

b. O uso do cimento de ionébmero de vidro facilita o acesso aos canais com
reducdo da remocao de dentina do assoalho pulpar e menor numero de

paredes afetadas;

c. A remocgao de pino com guia endodontico resulta em menor tempo de
trabalho que o uso de ultrassom e menor perda estrutural que o uso de ponta

diamantada e insertos em ultrassom;

d. A remogao de pino com ponta diamantada resulta em maior transposicao e
alargamento do canal que quando realizado com ultrassom e guia

endodontico;

e. Remocao de pino de fibra de vidro é um desafio para o clinico e necessita de
avanco tecnoldgico e efetivo treinamento profissional para gerar eficiéncia e

reprodutibilidade do procedimento.
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ANEXOS

Anexo 1 - Parecer do Comité de Etica em Pesquisa — UFU

L'j U F UNIVERSIDADE FEDERAL DE Platoforma
UBERLANDIA/MG %@m

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Anélise biomecénica de instrumentagéo endoddntica e remogédo de restauragdes e
pinos de fibra de vidro para retratamento em molares

Pesquisador: Carlos José Soares

Area Tematica:

Versao: 1

CAAE: 85533718.1.0000.5152

Instituicdo Proponente: Universidade Federal de Uberlandia/ UFU/ MG
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 2.570.199

Apresentacao do Projeto:

A pesquisa fara analise biomecanica de instrumentagao endodéntica e remocao de restauragdes e pinos de
fibra de vidro para retratamento em molares (seu titulo). Usara dentes doados que seriam descartados pela
clinica. Tera consentimento e garante privacidade e sigilo.

Objetivo da Pesquisa:
Analisar efeitos de técnicas de instrumentacgéo e caracterizar laboratorialmente os instrumentos.

Avaliacao dos Riscos e Beneficios:

N&o ha risco significativo relacionados a saltde ou integridade fisica dos participantes, que participam
doando dentes que, extraidos por razdes médicas, seriam descartados; nao serdo informados, em nenhuma
hipétese os nomes dos doares e nem o procedimento cirtrgico realizado; Os resultados serdo divulgados de
forma global e focado nas amostras; ha TCLE adequado. Ha beneficios cientificos, educacionais e em
salde esperados.

Comentarios e Consideracoes sobre a Pesquisa:
Pesquisa eticamente adequada.

Considerac6es sobre os Termos de apresentacao obrigatoria:
Estéo adequados.

Recomendacgodes:
N&o ha.
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Continuagéo do Parecer: 2.570.199

Conclusdes ou Pendéncias e Lista de Inadequacoes:

De acordo com as atribui¢cdes definidas na Resolugdo CNS 466/12, o CEP manifesta-se pela aprovagao do
protocolo de pesquisa proposto.

O protocolo ndo apresenta problemas de ética nas condutas de pesquisa com seres humanos, nos limites
da redacgéo e da metodologia apresentadas.

Consideracoes Finais a critério do CEP:
Data para entrega de Relatério Final ao CEP/UFU: Dezembro de 2019.

OBS.: O CEP/UFU LEMBRA QUE QUALQUER MUDANCA NO PROTOCOLO DEVE SER INFORMADA
IMEDIATAMENTE AO CEP PARA FINS DE ANALISE E APROVAGAO DA MESMA.

O CEP/UFU lembra que:

a- segundo a Resolugao 466/12, o pesquisador devera arquivar por 5 anos o relatério da pesquisa e os
Termos de Consentimento Livre e Esclarecido, assinados pelo sujeito de pesquisa.

b- poderd, por escolha aleatéria, visitar o pesquisador para conferéncia do relatério e documentacéao
pertinente ao projeto.

c- a aprovagao do protocolo de pesquisa pelo CEP/UFU da-se em decorréncia do atendimento a Resolucédo
CNS 466/12, ndo implicando na qualidade cientifica do mesmo.

Orientagdes ao pesquisador :

» O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu consentimento em
qualquer fase da pesquisa, sem penalizagdo alguma e sem prejuizo ao seu cuidado (Res. CNS 466/12) e
deve receber uma via original do Termo de Consentimento Livre e Esclarecido, na integra, por ele assinado.
» O pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e descontinuar o
estudo somente ap6s analise das razoes da descontinuidade pelo CEP que o aprovou (Res. CNS 466/12),
aguardando seu parecer, exceto quando perceber risco ou dano néo previsto ao sujeito participante ou
quando constatar a superioridade de regime oferecido a um dos grupos da pesquisa que requeiram agao
imediata.

» O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o curso normal do
estudo (Res. CNS 466/12). E papel de o pesquisador assegurar medidas imediatas adequadas frente a
evento adverso grave ocorrido (mesmo que tenha sido em outro centro) e enviar notificagdo ao CEP e a
Agéncia Nacional de Vigilancia Sanitaria — ANVISA — junto com seu
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+ Eventuais modificacbes ou emendas ao protocolo devem ser apresentadas ao CEP de forma clara e

sucinta, identificando a parte do protocolo a ser modificada e suas justificativas. Em caso de projetos do

Grupo | ou Il apresentados anteriormente a ANVISA, o pesquisador ou patrocinador deve envia-las também

a mesma, junto com o parecer aprobatério do CEP, para serem juntadas ao protocolo inicial (Res.251/97,

item 111.2.e).

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagcao
Informacdes Béasicas| PB_INFORMACOES_BASICAS_DO_P | 16/03/2018 Aceito
do Projeto ROJETO 974194 .pdf 10:00:46
TCLE / Termos de | TCLE.pdf 16/03/2018 |MARCIO ALEX Aceito
Assentimento / 10:00:32 [BARROS GOMES
Justificativa de
Auséncia
Declaracéo de Declaracaolnstituicao.pdf 15/03/2018 |MARCIO ALEX Aceito
Instituicdo e 16:12:.35 |BARROS GOMES
Infraestrutura
QOutros TermoCompromisso.pdf 15/03/2018 [MARCIO ALEX Aceito
16:12:00 [BARROS GOMES

Outros Curriculo_Marcio.pdf 15/03/2018 |MARCIO ALEX Aceito
16:11:46 [ BARROS GOMES

Outros Curriculo_Carlos.pdf 15/03/2018 |MARCIO ALEX Aceito
16:11:32  [BARROS GOMES

Projeto Detalhado / | ProjetoDetalhado.docx 15/03/2018 [MARCIO ALEX Aceito

Brochura 16:10:49 [BARROS GOMES

Investigador

Folha de Rosto FolhaRosto.pdf 15/03/2018 |MARCIO ALEX Aceito
15:44:36 [ BARROS GOMES

Situacao do Parecer:
Aprovado

Necessita Apreciacao da CONEP:

Nao

Endereco:
Bairro: Santa Ménica
UF: MG

Telefone: (34)3239-4131

Municipio:

CEP: 38.408-144

UBERLANDIA
Fax:

(34)3239-4335
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UBERLANDIA, 28 de Margo de 2018

Assinado por:
Sandra Terezinha de Farias Furtado
(Coordenador)
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Anexo 2 — Normas do Periédico 1 - Brazilian Dental Journal

Disponivel em: <https://www.scielo.br/revistas/bdj/iinstruc.htm>

BRAZILIAN

DENTAL
JOURNAL

INSTRUGOES PARA OS AUTORES

e Escopo e politica
e Forma e preparacao de manuscritos
e Submissdao de manuscrito

Escopo e politica

O Brazilian Dental Journal é um periddico cientifico com revisdo por pares
(sistema duplo-cego) que publica Artigos Originais Completos, Comunicagdes
Curtas, Relatos de Casos e Revisdes Convidadas, tratando das diversas areas da
Odontologia ou areas afins, com acesso aberto. Apenas artigos originais serdo
considerados para publicacdo. Ao submeter um manuscrito, os autores devem
declarar na carta de apresentacao que o material ndo foi publicado

anteriormente e ndo esta sendo analisado por outra revista em versao eletronica
ou impressa.

ENDERECO ELETRONICO PARA SUBMISSAO
http://mc04.manuscriptcentral.com/bdj-scielo

0OS MANUSCRITOS DEVEM SER ENVIADOS EM INGLES. Autores cujo idioma
principal ndo seja o inglés devem ter seu manuscrito revisado por alguém com
proficiéncia em inglés. Os manuscritos aceitos para publicacdo serdo
submetidos a Revisdao Técnica para revisdao da gramatica e redacgdo
cientifica do inglés e para adequacdo do texto aos padrdes da Revista. O
custo da Revisao Técnica sera cobrado dos autores. A submissao de um
manuscrito ao BDJ implica na aceitacao destes termos. A decisdo de
aceitacdo para publicacdo é dos Editores e é baseada na recomendacdo do
Conselho Editorial e / ou ad hocrevisores. Autores de manuscritos nao
recomendados para publicacdo receberdao um e-mail explicando a decisdo. Os
conceitos emitidos nos artigos publicados no BDJ sao de responsabilidade

exclusiva dos autores, ndo refletindo necessariamente a opinidao do Conselho
Editorial.

Todos os manuscritos serdo submetidos a revisdo por pares. Autores e revisores
serdao mantidos anénimos durante o processo de revisao. Os artigos aceitos para
publicagao passam a ser propriedade da revista.
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O Brazilian Dental Journal é um periddico de acesso aberto, o que significa que
todos os artigos publicados ficam disponiveis gratuitamente na Internet
imediatamente apds a publicacao.

O Brazilian Dental Journal mantera os direitos autorais e de publicacdo de todos
os artigos publicados, incluindo traducdes. Os usuarios podem usar, reutilizar e
desenvolver o material publicado na revista, mas apenas para fins nao
comerciais e desde que a fonte seja mencionada de forma clara e adequada.

A Revista adota sistema de identificacdo de plagio (AntiPlagiarist - Software
ACNP)

O Brazilian Dental Journal é indexado pela base de dados DOAJ para acesso
publico.

Forma e preparacao de manuscritos

AS SEGUINTES DIRETRIZES DEVEM SER CUIDADOSAMENTE SEGUIDAS.
Geral

e o Os autores devem submeter o manuscrito em Word e PDF, contendo
pagina de titulo, texto, tabelas, legendas de figuras e figuras (fotografias,
micrografias, radiografias, desenhos esquematicos, graficos, imagens
geradas em computador, etc).

e o O manuscrito deve ser digitado em fonte Times New Roman 12, com
espacamento 1,5, margens de 2,5 cm de cada lado. NAO USE letras em
negrito, marcas d'agua ou outros recursos para tornar o texto
visualmente atraente.

e As paginas devem ser numeradas consecutivamente, comegando com o
resumo.

¢ Manuscritos completos sao agrupados nas seguintes secoes:

1) Pagina de rosto

2) Resumo e palavras-chave

3) Introducdo; Material e métodos; Resultados; Discussao

4) Resumo em portugués (um item necessario para Servigos de
Indexacdo da América Latina que sera fornecido para autores nao
brasileiros pela revista)

5) Agradecimentos (se houver)

6) Referéncias

7) Tabelas

8) Legendas das

figuras 9) Figuras

e Todos os titulos das sec¢des (Introducdo, Material e Métodos, etc.) devem
ser capitalizados em fonte normal (nao em negrito).

e Os resultados e a discussdo NAO DEVEM ser reunidos em uma Unica
secao.
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e Comunicacdes breves e relatos de casos devem ser divididos em secdes
apropriadas.

e Produtos, equipamentos e materiais: a razao social deve vir
acompanhada do nome do fabricante, cidade, estado e pais, entre
parénteses na primeira citagdo. Para outras mencdes, apenas o nome do
fabricante é necessario.

e Todas as abreviaturas devem ser explicadas na primeira mencao.

Folha de rosto

e A primeira pagina deve conter o titulo do manuscrito, um titulo curto
(maximo de 40 caracteres, para ser usado como titulo corrido), nome (s)
do (s) autor (es) (ndo mais que 6) e seu (s) Departamento (s), Escola (s)
e / ou Universidade (s). NAO INCLUA os titulos do autor (DDS, MSc,
PhD, etc.) ou posicao (Professor, Aluno de Graduacao, etc.).

e Fornecer nome e endereco completo do autor para correspondéncia
(informar e-mail, telefone e fax).

e A pagina de titulo deve ser carregada no site como um arquivo separado
(ndo incluido no corpo do manuscrito).

Manuscrito

e A primeira pagina do manuscrito deve conter: titulo do manuscrito,
ladrilho curto com no maximo 40 caracteres e NAO o0 nome ou
identificacdo dos autores.

Resumo

o A segunda pagina deve conter um resumo de no maximo 250
palavras, declarando os objetivos, métodos, resultados e
quaisquer conclusoes extraidas do estudo. Nao use tépicos e
paragrafos e ndo cite referéncias no Resumo.

o Uma lista de palavras-chave (ndo mais de 5) deve ser incluida
abaixo do resumo em letras minusculas, separadas por virgulas.

Introducao
o Resuma o objetivo do estudo, dando apenas referéncias
pertinentes. Nao revise extensivamente a literatura
existente. Indique claramente a hipotese de trabalho.
Material e métodos
o O material e os métodos devem ser apresentados com detalhes
suficientes para permitir a confirmagao das observagoes. Indique

os métodos estatisticos utilizados, se aplicavel.

Resultados
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o Apresente os resultados em uma seqliéncia légica no texto,
tabelas e figuras, enfatizando as informacdes importantes.

o Nao repita no texto os dados contidos nas tabelas e ilustragdes. As
observagoes importantes devem ser enfatizadas.

o Nao repita os mesmos dados em tabelas e figuras.

o Descreva os dados estatisticos nesta segdo.

Discussao

o Resuma as descobertas sem repetir em detalhes os dados
fornecidos na secdao Resultados.

o Relacione suas observagbes a outros estudos relevantes e aponte
as implicagbes dos resultados e suas limitacdes. Cite estudos
pertinentes.

o Apresente suas conclusdes ao final da discussao, indicando como
seu estudo é pertinente e / ou suas implicagGes clinicas. A
apresentacdo das conclusdes em tépicos deve ser evitada.

Resumo em portugués (apenas para autores brasileiros)

o O Resumo em portugués deve ser IDENTICO & versdo em inglés
(Resumo). NAO INCLUA titulo e palavras-chave em portugués.

Reconhecimentos

o O apoio financeiro de agéncias governamentais deve ser
reconhecido. Se for o caso, a assisténcia técnica ou assisténcia de
colegas pode ser reconhecida.

Referéncias

o As referéncias devem seguir o estilo da Revista. Os autores devem
consultar uma edicdo atual do BDJ para obter orientacao sobre a
citacdo de referéncias e a apresentacao da lista de referéncias.

o As referéncias devem ser numeradas consecutivamente no texto
em ordem de citagdo, entre parénteses, sem espaco entre os
numeros: (1), (3,5,8), (10-15). NAO USE nlUmeros sobrescritos.

o Para artigos com dois autores, cite ambos os autores no texto, da
seguinte forma: Ex: "Segundo Santos e Silva (1) ...". Se houver
mais de 3 autores, cite apenas o primeiro autor e adicione "et
al.". Ex: "Pécora et al. (2) relataram que ..."

o Todos os autores de cada artigo devem ser incluidos na Lista de
Referéncias, a menos que haja 7 ou mais. Neste caso, devem ser
indicados os primeiros 6 autores, seguidos de "et al.".

o A lista de referéncias deve ser digitada ao final do manuscrito em
seqliéncia numérica. Nao podem ser citadas mais de 25
referéncias.

o A citagcao de resumos e livros, bem como de artigos publicados em
periddicos ndo indexados, deve ser evitada, a menos que seja
absolutamente necessario. Nao cite referéncias em portugués.
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o As abreviaturas dos titulos dos periddicos devem estar de acordo
com as usadas no Dental Index. O estilo e a pontuagao das
referéncias devem seguir o formato ilustrado a seguir:

Artigos de periddicos

1. Lea SC, Landini G, Walmsley AD. Um novo método para a avaliacdo
das caracteristicas de oscilacdo da escova de dentes motorizada. Am J
Dent 2004; 17: 307-309.

Livro

2. Shafer WG, Hine MK, Levy BM. A Textbook of Oral Pathology. 4@
ed. Filadélfia: WB Saunders; 1983.

Capitulo em um livro

3. Walton RE, Rotstein I. Bleaching descoloridos dentes: interno e
externo. In: Principles and Practice of Endodontics. Walton RE (Editor). 23
ed. Filadélfia: WB Saunders; 1996. p 385-400.

Mesas

o Cada tabela com seu titulo deve ser digitada apds o texto. As
tabelas devem ser numeradas com algarismos arabicos. NAO
USE linhas verticais, letras em negrito e letras mailsculas (exceto
as iniciais).

o O titulo correspondente deve aparecer no topo de cada tabela.

As tabelas devem conter todas as informacdes necessarias e ser
compreensiveis, sem alusdo ao texto.

Figuras

o A BDJ NAO ACEITA FIGURAS INCORPORADAS EM
ARQUIVOS ORIGINADOS EM SOFTWARE DE EDICAO DE
TEXTO (WORD OU SEMELHANTE) OU FIGURAS ORIGINADAS
EM POWER POINT.

o Os arquivos digitais das imagens devem ser gerados no
Photoshop, Corel ou qualquer outro software de edicao de
imagens e salvos no CD-ROM. Os arquivos de imagem devem ter
extensdo TIFF e resolugdao minima de 300 dpi. Somente figuras
em PRETO E BRANCO sao aceitas. Salve as figuras no CD-ROM.

o As letras e as marcas de identificacdo devem ser claras e nitidas, e
as areas criticas das radiografias e fotomicrografias devem ser
demarcadas e / ou isoladas.

o Partes separadas de figuras compostas devem ser rotuladas com
letras maidsculas (A, B, C, etc). Figuras simples e figuras
compostas devem ter largura minima de 8 cm e 16 cm,
respectivamente.

o As legendas das figuras devem ser humeradas com algarismos
arabicos e digitadas em pagina separada, apds as listas de
referéncias ou apos as tabelas (se houver)

Submissao de manuscritos
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LISTA DE VERIFICAGAO PARA AUTORES ANTES DA SUBMISSAO

1. Carta de submissao;

2. Pagina de titulo.

3. Arquivo manuscrito (texto, tabelas, legendas de figuras).

4. No manuscrito, observe:

- identificacdo dos autores apenas na pagina de rosto.

- texto digitado em fonte Times New Roman 12, com espagamento 1,5, margens
de 2,5 cm de cada lado.

- tabelas, legendas de figuras e figuras no final do manuscrito.

5. Arquivos digitais de figuras, preto e branco, salvos em formato TIFF com
resolugdo minima de 300 dpi.

N3o ha taxas de submissdo e avaliacdo de artigos.
A Taxa de Revisdo Técnica é de R $ 550,00 reais Brasileiros (para autores
brasileiros) ou U $ 200 a 250 ddlares americanos (para autores estrangeiros) e

sera cobrada do autor correspondente, mesmo que apenas pequenas correcoes
sejam necessarias no manuscrito.
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GUIDE FOR AUTHORS

INTRODUCTION

The Journal of Endodontics is owned by the American Association of Endodontists. Submitted
manuscripts must pertain to endodontics and may be original research (eg, clinical trails, basic
science related to the biological aspects of endodontics, basic science related to endodontic
techniques, case reports, or review articles related to the scientific or applied aspects of endodontics).
Clinical studies using CONSORT methods (http://www.consort-statement.org/consort-statement)) or
systematic reviews using meta-analyses are particularly encouraged. Authors of potential review
articles are encouraged to first contact the Editor during their preliminary development wvia e-mail
at JEndodontics@UTHSCSA. edu. Manuscripts submitted for publication must be submitted solely to
JOE. They must not be submitted for consideration elsewhere or be published elsewhere.

Disclaimer

The statements, opinions, and advertisements in the Journal of Endodontics are solely those of the
individual authors, contributors, editors, or advertisers, as indicated. Those statements, opinions, and
advertisements do not affect any endorsement by the American Association of Endodontists or its
agents, authors, contributors, editors, or advertisers, or the publisher. Unless otherwise specified, the
American Assoclation of Endodontists and the publisher disclaim any and all responsibility or liability
for such material.

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

Ensure that the following items are present:

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

All necessary files have been uploaded:

Manuseript:

+ Include keywords

= All figures (include relevant captions)

« All tables (including titles, description, footnotes)

» Ensure all figure and table citations in the text match the files provided
« Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files {(where applicable)

Further considerations

« Manuscript has been ‘spell checked' and 'grammar checked"

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

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

Internet)

; Almn-eung interests statement is provided, even if the authors have no competing interests to
eclare

« Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center,
BEFORE YOU BEGIN

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

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described
has been carrled out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
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Recommendations for the Conduct, Reporting, Editing and Publication of Scholarty Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

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

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EL
Directive 2000/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (MIH Publications Mo. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence {or association) of sex on the results of the study.

Declaration of interest

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

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see "Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check,

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("cliniclans, patients/clients”) as default/wherever possible
to avold using "he, she," or "he/she.” We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual
contributions to the paper using the relevant CRediT roles: Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation; Methodelogy; Project administration; Resources;
Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
editing. Authorship statements should be formatted with the names of authors first and CRediT role(s)
following. More detalls and an example

Changes to authorship

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

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

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enroliment, randomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram are available online.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement’ (see
more information on this). An e-mail will be sent to the comresponding author confirming receipt of
the manuscript together with a "Journal Publishing Agreement’ form or a link to the online version
of this agreament.

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

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an
'Exclusive License Agreement' (more information). Permitted third party reuse of gold open access
articles is determined by the author's choice of user license.

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

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or

preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in

the collection, analysis and interpretation of data; in the writing of the report; and in the decision to

::bmlt :dhe article for publication. If the funding source(s) had no such involvement then this should
stated.

Open access

The Journal of Endodontics supports Open Access. Following acceptance, authors have the option to
make their article freely accessible for a fee of $3,000. Please see the following link to learn more
about open access options: hitps://www.elsevier.com,/about/open-sdence/open-access.

Open access

Please visit our Open Access page for more information.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service avallable from Elsevier's Author Services.
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Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The systemn converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typesst your article for
final publication. All correspondence, incduding notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.editorialmanager.com,/JOE.

PREPARATION

General Points on Composition

Authors are strongly encouraged to analyze their final draft with both software (eg, spelllng and
grammar programs) and colleagues who have expertise in English grammar. References listed at the
end of this saction 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 artickes must be clear and precise in their content and concise in their delivery
because 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 that have unacceptable grammar or syntax.
The following list represents comman errors in manuscripts submitted to the Journal of Endodontics:

a. 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 "¢, below), or sentences with little to no transition within a paragraph.

b. 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 sodiurmn 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 te: “Sadium 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.

c. Sentences are stronger when written in the active voice, that is, the subject performs the action.
Passive sentences are identified by the use of passive verbs such as “was,” "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.

d. Reduce verbiage. Short sentences are easier to understand. The inclusion of unnecessary words
is often assoclated 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
n;:ans that :mllar ideas are expressed in similar ways, and this helps the reader recognize that the
ideas are related.

f. Keep modifying phrases close to the word that they maodify. This is a commaon 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.”

g. 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.
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h. Authors should be sware that the J0E uses iThenticate, plagiarian detection software, to ersure
originality and integrity of material published in the journal. The wse of copied sentences, sven when
present within quotation marks, i highly discouraged. Instead, the information of the original ressanch
should be expressed by the new manuscript suthor's own words, and & proper citation given at the snd
of the sentence. Plagiarism will not be tolerated and manuscripts will be nejected or papers withdrasn
after publication based on unethical actions by the suthors. In addition, authors may be sanctioned
for future publication.

Lise of word processing soffwane

It is important that the file be saved in the native format of the word processor wsed. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removerd snd replaced on processing the article. In particular, do not e the word
processaor’s options to justify text or to hyphenate words. However, do wuse bold face, italics, subscripts,
sup etc. When preparing tables, if you ane using a table grid, use only one grid for each
individual table and not & grid for each row. If no grid is vsed, wse tabs, not spaces, to align colemnes.
The electronic text showld be prepared in & way very similar to that of conventional manuscripts [(see
also the Guide to Pulblishing with Elsewier). Nobe that source files of figures, tables and text graphics
will be reguired whether or not you emibed your figueres in the text. See also the section on Electronic
artwaork.

To avoid unnecessary errors you are strongly advised to use the “spell-check’ and ‘grammar-check”
functions of your wond processor.

E.\..\.errh'm' title: page informalion

« Thtle. Concse and informative. Titles are often used in information-retrieval systems. Awcid
abbreviations and formulas where possible.

« Author names and affiliations. Please clearly indicate the given name(s) and family name{s)
of each author and dheck that all names are accurately speiled. You can add lpmrn.r_hll:-m

parenthezes in your own scrpt behind the English transliterstion. Present the suthors” affilistion
m{mhmdm--uq below the names. Indicate all affilations with a lower-
case superscript letter immediatety after the author's narme and in front of the appropriate address.
Prowide the full poatal sddress of each affiliation, induding the country name and, if svailable, the
e-mail address of each author,

« Corresponding suthor. Clearly indicate who will handle correspondence at all stages of referesing
and publication, also pest-publication. This responsibility indudes answering any future gueries about
Methodology and Matenals. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding awthor.

* Present /permanent address. If an author has moved since the work described in the article was
done, or was wisiting at the time, & ‘Present address’ (or ‘Permanent address’) may be indicated as
& footnote to that author's name. The address at which the author actually did the work must be
retained 83 the main, affiliation sddress. Superscript Arabic numersls sre used for such footnotes.

Structured abstract

A structured abstract, by means of appropriate headings, should prowvide the conteut or background for
the research -rdimidmhnurnnu. basic procedures (selection of study subjects or laboratory
animais, observational and analytical methods), main findings (giing specific effect sizes and their
statistical significance, if possible), and principal condusions. It should emphasize new and important
aspects of the study or observations.

Abstract Headings
Imtroduction, Methods, Resuits, Conclusions

Keywords

Immediately sfter the sbstract, provide a masimum of & keywords, wming American spelling snd
avoiding general and pleral terms and multiple concepls (avoid, for example, ‘and’, "oi"). Be sparing
with sbbreviations: only abbreviations firmly established in the field may be eligible. Thess keywords
will be used for Indexing purposes.

Acknowiedgerments

Collate ackrowiedgements in a separate section at the end of the article before the references and do
not, therefore, include them on the tithe page, as & fostnote (o the title or ctherwise. List here those
irdividuals who provided help during the ressarch (e.g., providing language help, writing ssistance
or proof reading the article, stc. ).

The authors demy any conflicts of interest related to this siudy.
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Original Research Article Guidelines

Title Page

The title describes the major emphasis of the paper. It must be as short as possible without loss of
clarity. Avaid abbreviations in the title because this may lead to imprecise coding by electronic citation
programs such as PubMed (eg, use sodium hypochiarite rather than NaOCI). The author list must
confarm to published standards on authorship (see authorship criteria in the Uniform Requirerments
for Manuscripts Submitted to Biomedical Journals at www.icmje.org). Include the manuscript title;
the names and affiliations of all authors; and the name, affiliation, and full mailing address {including
e=mail) of the corresponding author. This author will be responsible for proofreading page proofs and
ardering reprints when applicable. Also highlight the contribution of each author in the cover letter:

Abstract

The Abstract concisely describas the purpose of the study in 250 or fewer words. It must be organized
into sections: Introduction, Methods, Results, and Conclusions. The hypothesis is described in the
Abstract Introduction. The Abstract describes the new contributions made by this study. The Abstract
word limitation and its wide distribution (eg, PubMed) make it challenging to write clearly. This
section is written last by many authors. Write the abstract in past tense because the study has been
completed. Provide 3-5 keywords.

Introduction

The intreduction briefly reviews 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. Clearly describe
the purpose of the study, the tested hypothesis, and its scope. Many successful manuscripts require no
more than a few paragraphs to accomplish these goals; therefore, do not perform extensive literature
review or discuss the results of the study in this saction.

Materials and Methods

The Materials and Methods section is intended to permit other investigators to repeat your
experiments. There are 4 components to this section: (1) detailed description of the materials used
and their components, (2) experimental design, {3) procedures employed, and (4) statistical tests
used to analyze the results. Most manuscripts should dte prior studies that used similar methods and
succinctly describe the essential aspects used in the present study. A "methods figure” will be rejected
unless the procedure is novel and requires an illustration for comprehension. If the method is novel,
then you must carefully describe the method and include validation experiments. If the study used a
commercial product, the manuscript must either state that you 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, describe either experiments made to validate the model or previous literature that proved
the clinical relevance of the model. The statistical analysis section must describe which tests were
used to analyze which dependent measures; P values must be specified. Additional details may include
randomization scheme, stratification (if any), power analysis as a basis for sample size computation,
dropouts from clinical trials, the effects of important confounding variables, and bivariate versus
multivariate analysis.

Results

Only experimental results are appropriate in this section; do not include methods, discussion, or
conclusions. 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 must be cited in the text in numerical order and include a brief
description of the major findings. Consider using Supplemental Figures, Tables, or Video clips that will
be published online. Supplemental material often is used to provide additional information or control
experiments that support the results section (eg, microarray data).

Figures

There are 2 general types of figures: type 1 includes photographs, radiographs, or micrographs; type
2 indudes graphs. Type 1: Include only essential figures and use compaosite figures containing several
panels of photographs, if possible. Each panel must be dearly identified with a letter (eg, A, B, C),
and the parts must be defined in the figure legend. A figure that contains many panels counts as 1
figure. Type 2: Graphs (ie, line drawings including bar graphs) that plot a dependent measure (on
the ¥ axis) as a function of an independent measure (usually plotted on the X axis). One example
is a graph depicting pain scores over time. Use graphs when the overall trend of the results is more
important than the exact numeric values of the results. A graph is a convenient way to report that
an ibuprofen-treated group reported less pain than a placebo-treated group over the first 24 hours,
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but pain reported was the same for both groups over 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 numenic values; hawever, not all results nead
be placed in either a table or figure. Instead of a simple table, the results could state that there was
na inhibition of growth from 0.001%-0.03% NaOCl, and a 100% inhibition of growth from 0.03%-3%
NaOCl (M=5/group). If the results are not significant, then it is probably not necessary to include the
results in either a table or as a figure.

Acknowiedgments

All authors must affirm that they have no financial affiiation (eg, employment, direct payment, stock
holdings, retainers, consultantships, patent licensing arrangements, or honoraria), or involvemnent
with any commerdal organization with direct financial interest in the subject or materials discussed in
this manuscript, nor have any such arrangements existed in the past 3 years. Disclose any potential
conflict of interest. Append a paragraph to the manuscript that fully discloses any financial or other
interest that poses a conflict. Disclose all sources and attribute all grants, contracts, or donations that
funded the study. Specific wording: "The authors deny any conflicts of interest related to this study.”

References

The reference style can be learned from reading past issues of JOE. References are numbered in order
of citation. Please use superscripts at the end of a sentence or at the end of a clause that requires
a literature citation, Original reports are limited to 35 references. There are no limits in the number
of references for review articles.

Other Article Types and Guidelines

Manuscripts submitted to JOE that are not Original Articles must fall into one of the following
categories. Abstract limit: 250 words. Note that word limits, listed by type, do not include figure
legends or References. If you are not sure whether your manuscript falls within one of the categories
listed or if you would like to request pre-approval to submit additional figures, contact the Editor at

CONSORT Randomized Chinical Trial

Must strictly adhere to the Consolidated Standards of Reporting Trials—CONSORT—minimum
guidelines for publication of randomized clinical trials (http://www. consort-statement.org). Word
limit: 3500. Headings: Abstract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgments. Maximum number of figures: 4. Maximum number of tables: 4.

Review Article

Either narrative articles or systemic reviews/meta-analyses. Case Report/Clinical Technigues articles,
even when they include an extensive review of the literature, are categorized as Case Report/Clinical
Techniques. Word limit: 3500. Headings: Abstract, Introduction, Discussion, Acknowledgments.
Maximum number of figures: 4. Maximum number of tables: 4.

Clinical Research

Prospective or retrospective studies of patients or patient records, research on biopsies excluding
the use of human teeth for technigue studies. Word limit: 3500. Headings: Abstract, Introduction,
Materials and Methods, Results, Discussion, Acknowledgments. Maximum number of figures: 4.
Maximum number of tables: 4.

Basic Ressarch—Biology

Animal or culture studies of biological research on physiclogy, development, stem cell differentiation,
inflammation, or pathology. Primary focus is on biology. Word limit: 2500. Headings: Abstract,
Introduction, Materials and Methods, Results, Discussion, Acknowledgments. Maximum number of
figures: 4. Maximum number of tables: 4.

Basic Research=Technology

Focus primarily on research related to technigues and materials used, or on potential clinical use,
in endodontics. Word limit: 2500. Headings: Abstract, Introduction, Material and Methods, Results,
Discussion, Acknowledgmaents. Maximum number of figures: 3. Maximum number of tables: 3,
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Case ReportyClinical Technigues

Reports of am uwnusual dinical case or use of a cutting edge technology in a dinical case.
Word limit: 2500. Headings: Abstract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgments. Maximum number of figures: 4. Maximum number of tables: 4.

Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers wxooe, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

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

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

This research did not receive any specific grant from funding agencies in the public, commercial, or
nat-for-profit sectors.

Units
Follow intermationally accepted rules and conventions: use the international system of units (SI). If
other units are mentioned, please give their equivalent in 51.

Artwork

Electronic artwork

General points

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

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

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

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

= Use a logical naming comvention for your artwork files.

» Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the published version.

+ Submit each illustration as a separate file.

= Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available,

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

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply "as is’ in the native document farmat.

Regardless of the application used other tham Microsoft Office, when your electronic artwork is
finalized, please '"Save as’ or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

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

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

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi,
;ID;FE JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
Please do not:

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

# Supply files that are too low in resclution;

= Submit graphics that are disproportionately large for the content.
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Colar artwork

Flease make sure that arbwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further
infarmation on the preparation of electranic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbals and abbreviations used.

Tables

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

References

Please ensure that every reference cited in the text is also present in the reference list (and vice
wersa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not allowed in the reference list, but they may be mentioned in the text. Citation
aof a reference as "in press" implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high gquality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
D401 is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic artice.
An example of a citation using DOI for an article nat yet in an issue is: VanDecar ).C_, Russo .M.,
James D.E., Ambeh W.B., Franke M. {2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Veneruela, Journal of Geophysical Research, https://doi.org/10.1029/20011B000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web References

As a8 minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references are included in the reference list.

Data references

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

References in a spacial issue
Please ensure that the words ‘this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Mast Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automaticaily formatted in the journal’s style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
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reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remowe field codes from different reference
management software.

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

http://fopen.mendeley. comyuse-ctation-stylke,/journal-of-endodontics

When preparing your manuscript, you will then be able to select this style using the Mendaley plug-
ins fior Microsoft Word or LibreOffica.

Referance style

Text: Indicate references by Arabic numerals in parentheses, numbered in the order in which they
appear in the text. List: Number the references in the list in the order in which they appear in the
text. List 3 authors then et al.

Examples:

Journal article:

1. Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article. ] Sci Commun.
2010;163:51=-59.

Book:

2. Strunk W Jr, White EB. The Elements of Style, 4th ed. New York: Longman; 2000.

Chapter in an edited book:

3. Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, eds. Introduction to the Electronic Age. New York: E-Publishing; 2009:281-304.

Journal abbreviations source
Journal names are abbreviated according to Index medicus.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
resgarch. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
"stills’ with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print wersion for the portions of the article that refer to this content.

Supplementary material

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

Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.
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Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References” section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.
Data linking

If you hawe made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relewvant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When awvailable, you can directhy link
your dataset to your article by providing the relevant information in the submission system. For mare
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Meandeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) assodated with your
manuscript in a free-to-use, open access repository. Before submitting your article, you can deposit
the relevant datasets to Mendeley Data. Please include the DOI of the deposited dataset(s) in your
main manuscript file. The datasets will be listed and directly accessible to readers next to your
published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

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

AFTER ACCEPTANCE

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in
the e-mail so that authors can download the files themselves. Elsevier now provides authors with
PDF proofs which can be annotated; for this you will need to download Adobe Reader version 7 (or
higher) available free from http://get.adobe.com/reader, Instructions on how to annotate PDF files
will accompany the proofs (also given onling). The exact system requirements are given at the Adobe
site: hittp://www_ adobe.com/products/reader/tech-specs_hitmil,

If you do not wish to use the PDF annotations function, you may list the corrections (including replies
to the Query Form) and return them to the Journal Manager at Elsevier in an e-mail, Please list your
corrections quoting line number. If, for any reason, this is not possible, then mark the corrections and
any other comments (including replies to the Query Form) on a printout of your proof and return by
fax. Please use this proof only for checking the typesetting, editing, complatenass and correctness
of the text, tables and figures. Significant changes to the article as accepted for publication will
only be considered at this stage with permission from the Editor. We will do everything possible to
get your article published guickly and accurately - please let us have all your corrections within 48
hours. It is important to ensure that all corrections are sent back to us in one communication: please
check carefully before replying, as inclusion of any subseguent corrections cannot be guaranteed,
Proofreading is solely your responsibility. Note that Elsevier may proceed with the publication of your
article if no response s received,
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Offprints

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

AUTHOR INQUIRIES

Wisit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted artide or find out when your accepted article will
be published.

£ Copyright 2018 Elsevier | https:/ waww._elsevier com
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