5
LoD
asrm

7 T T
N SZ.
J

asmgé

PUCPR

GRUPO MARISTA

PONTIFICIA UNIVERSIDADE CATOLICA DO PARANA

ESCOLA DE CIENCIAS DA VIDA

PROGRAMA DE POS-GRADUACAO EM ODONTOLOGIA
AREA DE CONCENTRACAO CLINICA ODONTOLOGICA

BRENDA GISELLE SANCHEZ LEYTON

INTEGRADA

EFFECT OF A FLOWABLE BASE ON THE FRACTURE
STRENGTH OF EXTENDED CLASS | RESTORATIONS WITH
BULK-FILL AND CONVENTIONAL RESIN COMPOSITES

Curitiba
2020



BRENDA GISELLE SANCHEZ LEYTON

EFFECT OF A FLOWABLE BASE ON THE FRACTURE
STRENGTH OF EXTENDED CLASS | RESTORATIONS WITH
BULK-FILL AND CONVENTIONAL RESIN COMPOSITES

Dissertacdo apresentada ao Programa de
P6s-Graduacdo em Odontologia da
Pontificia  Universidade Catdlica do
Parana, como parte dos requisitos para
obtencdo do titulo de Mestre em
Odontologia, Area de Concentracdo em

Clinica Odontolégica Integrada - Dentistica

Orientador: Prof2. Dr2. Evelise Machado de

Souza

Curitiba
2020



Dados da Catalogagéo na Publicacdo
Pontificia Universidade Catélica do Parana
Sistema Integrado de Bibliotecas — SIBI/PUCPR
Biblioteca Central
Pamela Travassos de Freitas — CRB 9/1960

Leyton, Brenda Giselle Sdnchez
L685 Effect of a flowable base on the fracture strength of extended class i
2020 restorations with bulk-fill and conventional resin composites / Brenda Giselle
Sanchez Leyton ; orientador: Evelise Machado Souza. — 2020.
31f.:il.;30cm

Dissertagdo (mestrado) — Pontificia Universidade Catdlica do Parana,
Curitiba, 2020
Bibliografia: f. 15-18

1. Odontologia. 2. Dentes. 3. Materiais dentarios. 4. Restauracéo
(Odontologia). 5. Resisténcia a Flexdo. 6. Resinas compostas. 7. Traumatismos
dentarios. I. Souza, Evelise Machado. II. Pontificia Universidade Catdlica do
Parana. Pds-Graduacéo em Odontologia. Ill. Titulo.

CDD 20. ed. — 617.695




Pontificia Universidade Catdlica do Parana
Escola de Ciéncias da Vida
Programa de Pés-Graduagéo em Odontologia

GRUPO MARISTA

TERMO DE APROVAGAO

BRENDA GISELLE SANCHEZ LEYTON

EFFECT OF A FLOWABLE BASE ON THE FRACTURE STRENGTH OF EXTENDED
CLASS | RESTORATIONS WITH BULK-FILL AND CONVENTIONAL RESIN
COMPOSITES

Dissertacdo apresentada ao Programa de Pds-Graduagdo em Odontologia da
Pontificia Universidade Catdlica do Parana, como parte dos requisitos parciais para a
obtenc&do do Titulo de Mestre em Odontologia, Area de Concentragdo em Clinica
Odontolégica Integrada com Enfase em Dentistica.

@ veese (O e Bz

Orientador(a): Prof2 Dr® Evelise Machado de Souza
Programa de Pés-Graduagao em Odontologia, PUCPR

Prof? Drj Rodrig

Curitiba, 30 de abril de 2020.

Rua Imaculada Conceigdo,1155 Prado Velho CEP 80215-901 Curitiba Parana Brasil
Fone: (41) 3271-1637 Site: www.pucpr.br Email: ppgo@pucpr.br



AGRADECIMENTOS

Primeiramente gostaria de agradecer a Deus por me guiar, iluminar e me dar
tranquilidade para seguir em frente com 0s meus objetivos e ndo desanimar com as
dificuldades.

A minha orientadora, Profa. Evelise. Sou grata pela confianca depositada em mim,
pela paciéncia e por me conduzir nos meus primeiros passos da vida académica.
Obrigada por me manter motivada durante todo o processo.

A minha méae, Dora Luz, por todos os conselhos e conversas que me motivaram a
ser uma pessoa melhor e uma profissional melhor, tenho certeza que desde o céu
ela me cuida.

Ao meu pai, Hernan, por ser meu melhor amigo e por sempre me escutar. N&o seria
a pessoa que sou hoje se nédo fosse por ele.

A minha familia que desde longe me deram forcas para continuar com meus
estudos, principalmente os meus irmaos, Olenka e Mauricio. Levo vocés no meu
coracao sempre.

Aos meus colegas do curso, em especial a Gabriela e a Bruna por terem tornado o
dia a dia na pés-graduacao tdo prazeroso! Juntas conseguimos avancar e
ultrapassar todos os obstaculos.

Ao meu colega Anderson por doar seu tempo e talento para fazer o registro
fotografico deste projeto.

Ao Cleomar, funcionario da Clinica da PUCPR, pela ajuda dada ao desenvolvimento
do meu trabalho laboratorial.

As minhas amigas Marcela, Jessika e Fernanda, que estiveram comigo desde o
comeco desta longa jornada. Sempre contei com seu apoio, incentivo e amizade.

A minha tia Lena, por ser meu exemplo a seguir.



SUMARIO

ARTIGO EM INGLES. ..ottt 1
L T o X -SSP 1
FY o1y o - Lot AT TSP PPOTOTSTRTOP 2
INEFOAUCTION ...ttt et ettt e s e s b e e st e st e e snteesabeeesaseesabeesneeesaneesanes 3
Material aNd MELNOAS. ........eiiiiieee ettt be e s st ree e 5
RESUIES ..ttt b e s ettt et et e bt e e bt e sbe e sat e et e e b e e b e e b e e s beeene e et e et e ereen 9
DISCUSSION ..ttt st e e s a e s b e e e s s b st e s srb e e e s srb e e e s sraa e e s e 12
CONCIUSION .ttt ettt e s et e s et e st e e b ee e s bt e e be e e sabeesbeeesabeeesseesaseesaneeesareesanes 14
RETEIENCES ...ttt ettt et e st e e bt e e s at e e s bt e e sab e e s beesbteesbee e beeeeareesneeesareea 15

ANEXOS .. 19
Parecer de COMILE dE BLICA......uiiiiiiiieeee ettt sttt e b e bt s e 19
Termo de transferéncia de material biolOgICO.......ccocciiiiiiiiiiiecee e 23
ANALISE ESTATISTICA. .eeiuveeeiiieiiie ettt ettt ettt e st e e st e st e e abe e s be e e sabeeebeeennbeesbeeesareenas 24

Normas para publicacdo — Operative DENTISEIY .......ciicccciiiieeee e e e errrrre e e e e 29



ARTIGO EM INGLES

Title page

Effect of a flowable base on the fracture strength of extended class |

restorations with bulk-fill and conventional resin composites

Brenda GS Leyton, DDS, MSD candidate, Pontificia Universidade Catdlica do
Parana, School of Life Sciences, Graduate Program in Dentistry.

Evelise M Souza, DDS, MSD, PhD, Pontificia Universidade Catolica do Parana,
School of Life Sciences, Graduate Program in Dentistry. Rua Imaculada
Conceicéo, 1155, Prado Velho, Curitiba, PR 80215-901, Brazil. (Corresponding
author)



Abstract

Objective: The aim of this study was to evaluate the fracture strength of
bulk-fill restorations compared to conventional composite resins with and without
intermediate bases in teeth with extensive cusp-weakening Class | preparations.
Materials and methods: Sixty sound extracted human third molars were prepared
with extended Class | cavities and restored with different techniques resulting in
the following groups: FS-F, flowable bulk-fill resin composite (Filtek bulk-fill flow,
3M) as a base and a 1mm-thick conventional nanofilled composite layer (Filtek
Supreme Ultra, 3M); FB, restored with bulk-fill resin composite (Filtek Bulk-Fill,
3M); FS, restored incrementally with conventional nanofilled composite (Filtek
Supreme Ultra, 3M); GR-F, flowable bulk-fill resin composite (X-tra base, VOCO)
as a base and a 1mm-thick conventional composite layer (GrandioSO, VOCO);
AF, restored with bulk-fill resin composite (Admira Fusion X-tra, VOCO); GR,
restored incrementally with conventional resin composite (GrandioSO, VOCO).
Sound extracted teeth (n=10) were used as a control group (CTL). All teeth were
subjected to thermocycling (20,000 cycles, 5°C and 55°C) and mechanical loading
(500,000 cycles, 50N load 2.5 Hz frequency). The specimens were subjected to a
compressive axial load in a universal testing machine at 1 mm/min. Data was
submitted to statistical analysis at a significance level of 5%. Results: The mean
(standard deviation) fracture strength in N were: CTL: 1,871.88 (339.48); FS-F:
1,428.23 (326.10); FB: 1,494.85 (386.81); FS: 1,183.33 (334.99); GR-F: 1,615.70
(188.82); AF: 1,138.38 (286.94) and GR: 1,340.66 (97.50). Groups CTL and GR-F
demonstrated significantly higher mean fracture strength when compared to FS,
AF and GR (p<0.05). The most common type of failure among the groups was
restoration and enamel/dentin fracture (Type IV). Conclusions: Restorations with a
nanofilled bulk-fill composite or with a conventional resin composite associated
with a flowable bulk-fill base reestablished the fracture strength of weakened teeth
to that of sound teeth.

Clinical Relevance: The use of a conventional composite in extended class
| preparations should be associated with a flowable bulk-fill composite base or

restored with a nanofilled bulk-fill composite.

Keywords: Bulk-Fill, Composite, Class | Restoration, Fracture strength.



Introduction

For many decades, resin-based composites have been widely used in
restorative dentistry, this material is considered to be the first choice for esthetic
posterior restorations.!? More than 500 million direct dental restorations are
placed each year all over the world, which makes direct restorations the most
prevalent medical intervention in the human body. In about 55% of the cases,
resin composites or compomers are used.?

Posterior direct composite restorations have their limitations. The annual
failure rate varies around 2.2%.4 The polymerization of resin composite produces
internal tensions that may lead to loss of adhesion between teeth and restoration,
cuspal deflection and formation of enamel crack, being all of these, primary
factors in potential failure.®

In order to reduce polymerization shrinkage stress, it has been prescribed
the use of the incremental techniqgue when using direct composite, as it results in
lower shrinkage stress due to reduced cavity configuration factor, as well as
improved light penetration, allowing a higher degree of conversion of the
material.® Nevertheless, this technique takes more time and can elevate the risk of
saliva contamination between the increments, which may lead to less strength
and premature failures.” In this matter, the chance to fill the dental cavity with one
single increment seems to have countless benefits. For instance, the less working
time and the reduction of the so-called window of opportunity for technical
mistakes, such as incorporations of voids and contamination among increments.2

Therefore, it has been developed new restorative material that can be used
in one increment of 4 to 5 mm, known as bulk-fill resin composites.® This new type
of composite reduces the working time, although it presents some limitations in
mechanical properties when compared to conventional composites.*°

Bulk-fill resin composite is available in two kinds of viscosity: flowable and
high-viscosity. The latter can be applied in a single increment without the need for
coverage as it contains high inorganic filler content and therefore can be used in
areas with a higher incidence of masticatory load.? Flowable bulk-fill resin
composite is a low viscosity composite and therefore has a lower inorganic filler
content and is used as liner or base, capped with a conventional composite

resin.! Studies have shown that flowable bulk-fill composite resins have lower



hardness, modulus of elasticity, cusp deformation, and shrinkage stress.'?1# All of
these mechanical characteristics make flowable bulk-fill composite resins act as a
stress absorbing layer generated by the high modulus of elasticity of conventional
composite resin.®

The restorative material named ORMOCER®, developed in the ‘90s,
originally derived from the term "organically modified ceramic", is characterized by
a hybrid molecular structure that combines organic and inorganic components in
the matrix at nanoscopic scale.'® ORMOCER®s consists of an organic portion, an
inorganic portion and polysiloxanes in proportions that can affect the mechanical,
thermal and optical qualities of the material: the organic polymers influence the
polarity and optical behavior, the inorganic constituents are responsible of
chemical stability and the polysiloxanes influence the elasticity and interface
properties.’

Traditionally, the choice between direct and indirect composite restorations
for posterior teeth is based on the size of the cavity to be restored. Small and
medium cavities are usually restored with direct composite resin restorations.
Conversely, in large cavities, where the width of the isthmus reaches or exceeds
two-thirds of the intercuspal distance, indirect restorations are better indicated.8-20
However, this decision must be based on an individual clinical assessment, taking
into consideration patient requests, cost-benefit, and other risk factors such as
high caries risk or bruxism.?122 Furthermore, earlier systematic reviews and meta-
analysis have concluded that there is no significant difference in terms of clinical
longevity between direct and indirect technique for posterior restorations.?32°

Restoration of extensively destroyed tooth aims to reestablish both function
and aesthetics. Earlier studies have shown that fracture strength is inversely
proportional to the loss of dental tissue due to either caries lesion or cavity
preparations.?622 One study showed that class Il preparations for direct
restorations removed an average of 11.40% of the tooth structure, based on one-
half, one-third, or one-quarter boccolingual widths in both maxillary and
mandibular molars. On the other hand, preparations for indirect restorations
removed on average of 16.79% of tooth structure.?® Moreover, it has been
demonstrated that direct composite preparations have higher resistance to

occlusal load fracture than indirect preparations.2©



Previous studies investigating fracture strength of restorations with bulk-fill
resins use Class Il preparations, usually MOD type. However, studies with
extensive Class | preparations with cusp-weakening are scarce.3!

Therefore, the aim of this study is to evaluate the fracture strength of bulk-
fill restorations compared to conventional composite resins with and without
intermediate bases in teeth with extensive cusp-weakening Class | preparations.

The null hypothesis to be tested is that there will be no difference in

fracture strength of teeth restored with different composite resins.

Material and Methods

Seventy sound extracted human third molars were randomly assigned to
seven groups (n=10) from teeth obtained from the institution's Tooth Bank after
approval by the Ethics Committee (No. 2.824.728). Soft tissues and possible
calculus were removed using periodontal curettes and the teeth were stored in
0.5% chloramine at 4°C for a maximum of 3 months. The criteria for tooth

selection involved the absence of caries or fractures and similar crown size.

3.1. Restorative Procedures:

The teeth were randomly divided into 7 groups with 10 teeth each. Ten
teeth were used as a control group (CTL) and the other sixty teeth were prepared
with Class | cavities. In the first step a cavity of 4 mm depth perpendicular to the
occlusal surface was ground using cylindrical diamond burs (#3146, KG
Sorensen, Cotia, SP, Brazil) with water spray, the buccolingual width was % of the
intercuspal distance. A pear-shaped diamond bur (#3168, KG Sorensen, Cotia,
SP, Brazil) was placed with its shaft perpendicular to the cavity floor at the cavity
margin and a circular undercut was prepared. The burs were replaced every five

preparations and were used under high-speed and constant irrigation.



Table 1. Distribution of experimental groups (n=10).

Group Adhesive System Base Restoration Manufacturer
CTL - -
FS . - Filtek Supreme Ultra

Single Bond . ) 3M/ESPE
FB - Filtek Bulk Fill

Universal (St. Paul, MN, USA)
FS-F Filtek Bulk Fill Flow  Filtek Supreme Ultra
GR - GrandioSO

. . VOCO
AF Futurabond U - Admira Fusion X-tra
(Cuxhaven, Alemanha)

GR-F X-tra Base GrandioSO

The adhesive system chosen for each group was the universal type
corresponding to the composites’ manufacturers. In all teeth, the adhesive
procedure was performed using the selective enamel conditioning technique, in
which the enamel was conditioned with 37% phosphoric acid for 30 seconds,
followed by rinsing for 15 seconds and drying for 5 seconds and finally active
application of adhesive in enamel and dentin for 20 seconds, and light-curing for
10 seconds.

Table 1 shows the codes and distribution of study groups with their
materials and Table 2 contains the compositions of the materials that were used
in the study.

In the FS-F and GR-F groups, the restorations were made by inserting the
bulk-fill flow resin in a single increment of 3 mm, followed by light curing for 20
seconds. A 1mm thick layer of conventional composite resin was placed using the
incremental technique and light-cured for 20 seconds by increment with the same
light-curing unit.

In the FB and AF groups, the body bulk-fill resins were inserted in a single
increment and light-cured for 40 seconds. In the FS and GR groups, restorations
were made with conventional composite resins using the incremental technique,
with at least 5 polymerized oblique increments for 20 seconds each with the same

light-curing unit.



Table 2. Manufacturer-Specific Information of the materials used in the study.

% of filler
Commercial Brand Type Resin matrix Filler weight
volume
Filtek Bulk-Fill Flow Bulk-fill Bis-GMA, UDMA, Bis Zirconia/silica, Ytterbium
'’ ' - 7 0, 0,

(3M ESPE) flowable EMA, Procrylat trifluoride 64.5% / 42.5%

composite

AUDMA, AFM

Filtek Bulk-Fill ) dimethacrylate, . . )
(3M ESPE) Bulk-flll_ UDMA, Dodecane Zirconia/silica nan(.)flllers_, . 76,5% / 58,4%

composite . nanocluster Ytterbium trifluoride

dimethacrylate
Filtek Supreme ] Bis-GMA, UDMA, . - .
ot recoun seaon, el s ssox
(3M ESPE) P Bis-EMA
X-tra Base Bulk-fill Bis-GMA, Bis-EMA Barium glass, Ytteribium
q - g ’ 0, 0,

(VOCO) flowable UDMA trifluoride, fumed silica 75% / 58%

composite
Admira Fusion X- . . -
tra CB(L:rI:-f(I)ILite ORMOCER® Silg)s(isdzeramlc and silicone 84% / ni.
(VOCO) P
GrandioSO Nanohybrid Bis-GMA, Bis-EMA, Glass ceramic and silicone
(voco) composite TEGDMA dioxide 89% / 73%
Single Bond ;J;}:\;i:\izl MDP phosphate monomer, dimethacrylate resins, HEMA,
Universal cvstem polyalkenoic acid copolymer, filler, ethanol, water, -
(3M ESPE) ¥ initiators, silane

Universal
Futurabond U adhesive HEMA, Bis-GMA, HEDMA, acidic adhesive monomer, i
(voco) system UDMA, catalyst, silica nanoparticles, ethanol

Abbreviations: BisGMA—bisphenol-A-diglycidyl-dimethacrylate; UDMA—urethane dimethacrylate; BisEMA—ethoxylated bisphenol A
dimethacrylate; DDDMA—1,12-dodecane dimethycrylate; TEGDMA—triethyleneglycol dimethacrylate; HEMA—2-hydroxyethyl
methacrylate; PEGDMA—polyethylene glycol dimethacrylate; AUDMA—aromatic urethane dimethacrylate ; ORMOCER®— inorganic-
organic hybrid polymers.

3.2. Periodontal Ligament Simulation

For the simulation of the periodontal ligament, the roots were covered with
wax heated to 90°C, by an immersion wax heater (ImerCera, Curitiba, PR, Brazil).
Each specimen was embedded in self-curing acrylic resin within polyvinyl chloride
tubes (25 mm diameter and 35 mm height).

The teeth were positioned in the center of the base of each tube leaving the

root portion inside and the crown outside. The tubes were kept in an inverted



position and a self-curing acrylic resin was poured in to fill the tube. The
exothermic reaction of the resin polymerization allowed the teeth to be displaced
so that the wax surrounding the root was easily removed with a gauze. After that,
each tooth was repositioned in the formed acrylic slot. After cooling and final
polymerization of the self-curing acrylic resin, the teeth were removed and a light
polyvinyl siloxane (PRESIDENT light body, Coltene/Whaledent AG, Altstatten,
Switzerland) was dispensed inside the slot, and the teeth were positioned inside.

Excess material was removed with a scalpel blade.

3.3. Aging and mechanical load tests

After a 24-hour storage in distilled water at 37°C, the specimens from all
groups were subjected to 20,000 cycles thermal cycles (OMC 300, Odeme,
Lucerna, SC, Brazil) of 5°C and 55°C in distilled water with a dwell time of 15
seconds.

The specimens were also subjected to 500,000 cycles of mechanical
loading (Biocycle, Biopidi, Sdo Carlos, SP, Brazil) with a 50N load at a 2.5-Hz
frequency. The load was applied by a metal ball axially to the center of the
occlusal surface and the specimens were immerged in distilled water at 37°C
throughout the experiment. The test was considered complete until reaching the

maximum number of cycles or until the specimen fracture.

3.4. Fracture strength test

The fracture strength test was performed in a universal testing machine (DL
2000, EMIC, Séo José dos Pinhais, PR, Brazil). The specimens were subjected to
a compression force applied perpendicular to the occlusal surface by a steel
cylinder with a 6-mm diameter round tip (axial loading) with a crosshead speed of

1 mm/min. The maximum force to generate fracture was recorded in N (Newtons).

3.5. Failure mode analysis

Fractured specimens were analyzed for failure mode wusing a
stereomicroscope at 40 X magnification (SteREO Discovery V12, Zeiss,
Germany). The mode of failure was classified as: (I) Cohesive failure in the
restoration; (lII) Cohesive failure in the tooth; (lll) Failure of the restoration and

enamel; (IV) Failure of the restoration and enamel/dentin; (V) Failure of the

8



restoration and enamel/dentin below the cemento-enamel junction (CEJ); (VI)
Axial failure of the restoration and tooth structure.?

3.6. Scanning Electron Microscopy

Two representative samples from each group were selected for analysis
under scanning electron microscopy (SEM), as shown in Figures 2-7. The
fractured specimens were cleaned in an ultrasonic bath with distilled water for 15
minutes and kept in a vacuum desiccator with silica for seven days. They were
then coated with Au-Pd alloy and examined under SEM. (Vega 3, Tescan Orsay

Holding, Brno, Czech Republic).

3.7. Statistical analysis

Normality distribution of the data was analyzed by Shapiro-Wilk and
homogeneity of variance with Lévene test. One-way ANOVA and Games-Howell
test were performed to detect significant differences between the groups. A
significance level of 5% was used for all the tests. The data were analyzed in
SPSS 24.0 (IBM Software, New York, NY, USA).

Results

The mean fracture strength values for each group are shown in Table 1.
Groups CTL and GR-F demonstrated significantly higher mean fracture strength
when compared to FS, AF and GR (p<0.05). Groups FS-F and FB were not
statistically different from all the other groups (p>0.05).

Among the groups restored with conventional composites, FS and FS-F
showed no statistically significant differences (p>0.05). Conversely, GR-F showed
higher mean fracture strength compared to that of GR (p<0.05).

Teeth restored with a single increment of bulk-fill composite (groups AF
and FB) were not statistically different from groups restored with the incremental
technique (p>0.05). When bulk-fill composites were compared with conventional
composites associated to flowable base, the results were distinct. Group FB did
not show significant difference from group FS-F (p>0.05), but contrarily, group AF

showed significantly lower fracture strength compared to group GR-F (p<0.05).



Table 3. Mean fracture strength (N) and standard deviation of the evaluated groups.

Group Restoration Technique n Fracture Strength  Minimum Maximum  Sig.
Mean

CTL Control 10 1,871.88 1456.49 2568.51 A

FS Conventional composite on incremental 10 1,183.33 1002.97 1935.86 B
technique

FB Single increment of bulk-fill composite 10 1,494.85 1116.92 2259.36 AB

FS-F Conventional composite associated with 10 1,428.23 836.68 1665.58 AB
flowable base

GR Conventional composite on incremental 10 1,340.66 1356.25 1867.06 B
technique

AF Single increment of bulk-fill composite 10 1,138.38 732.97 1736.23 B

GR-F Conventional composite associated with 10 1,615.70 1198.90 1454.43

flowable base
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Figure 1. 95% Confidence Interval for Mean

The frequency distribution of the failure modes for each group expressed
as the total number of specimens in the group are shown in Figure 1. The most
common type of failure among the groups was type 1V: failure of the restoration
and enamel/dentin. It was noticed that the groups restored with nanohybrid and
ORMOCER® composites achieved a more heterogeneous type of fracture.
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CTL

FS

FB

FS-F

GR

AF

GR-F

M |V- Fracture of the restoration and
T e
4 2 1

| - Cohesive failure in the restoration

Il - Cohesive failure in the tooth

II- Fracture of the restoration and
enamel

BV - Fracture of the restoration and
enamel/dentin below Cemento
Enamel Junction (CEJ)

B V| - Axial fracture of the restoration
and tooth structure

Figure 2. Frequency distribution of the failure modes.

SEM HV: 20.0 kV WD: 30.20 mm | VEGA3 TESCAN|

SEM MAG: 121 x Det: SE 500 pm

LME-PUCPR
Figure 3. Specimen from group GR-F showing
cohesive failure in the restoration (R).

SEM HV: 20.0 KV wp:3000mm || |1} VEGA3 TESCAN|

SEM MAG: 42 x Det: SE 1mm
LME-PUCPR

Figure 4. Specimen from group FS-F showing
cohesive failure in the tooth with exposure of
enamel (E) and dentin (D).
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SEM HV: 20.0 kV WD: 35.67 mm | | | | | |VEGA3 TESCAN| SEM HV: 20.0 kV WD: 25.00 mm | | VEGA3 TESCAN|

SEM MAG: 32 x Det: SE 2mm SEM MAG: 30 x Det: SE
LME-PUCPR LME-PUCPR
Figure 5. Specimen from group GR-F showing failure  Figure 6. Specimen from group FS-F showing failure
of the restoration (R) and enamel (E). of the restoration (R) and enamel (E) / dentin (D).

SEM HV: 20.0 kV WD: 14.82 mm | VEGA3 TESCAN| SEM HV: 20.0 kV WD: 15.00 mm | | VEGA3 TESCAN

SEM MAG: 23 x Det: SE 2mm SEM MAG: 21 x Det: SE
LME-PUCPR LME-PUCPR
Figure 7. Specimen from group GR showing failure Figure 8. Specimen from group GR showing axial
of the restoration (R) and enamel (E) / dentin (D) failure of the restoration (R) and tooth structure
below the cemento-enamel junction (CEJ). with exposure of enamel (E) and dentin (D).
Discussion

In this study, bulk-fill composite resins and conventional composite resins
with and without intermediate flowable bases were compared to evaluate the
fracture strength of restored teeth with extensive cusp-weakening Class |
preparations. The null hypothesis was rejected since there were found differences
in fracture strength of teeth restored with different restorative protocols.

In the present study, restorations made with both nanofilled composites,
bulk-fill and conventional, with or without a flowable base resulted in similar
fracture strength. Other studies demonstrated similar fracture strength when the

same nanofilled bulk-fill composite was placed in a single increment compared
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with restorations placed with the layering technique.'333> One of these studies
also showed that this composite achieved higher fracture strength values,
regardless of covering with a conventional composite or using extended light-
curing.3®

Typically, composites with higher filler loading have been associated with
higher mechanical properties.®63” In the present study, despite the different
composition and filler content of the bulk-fill composites, the fracture strength of
both groups restored with bulk-fill was similar. Thus, other aspects, such as size,
shape, and type of filler particles must be responsible for the mechanical behavior
of composite resins. In the case of the nanofilled composites, this could be related
to the presence of the zirconia/silica filler particles and nanoclusters.38-40
Spheroidal fillers present in the nanofilled composite resin have been associated
with reduced stress concentration compared with the sharp edges of irregular-
shaped filler particles.** A recent study demonstrated that silica nanoclusters have
better stress distribution during a compression test, probably due to their
doughnut-shape morphology.*?

In our results, the nanohybrid conventional composite associated with the
flowable bulk-fill composite as an intermediate base exhibited higher fracture
strength in comparison with the ORMOCER® and the conventional composite
without a base. A recent study showed that flowable bulk-fill composite developed
significantly lower linear shrinkage than a conventional composite,*® as well as
higher flexural strength and Weibull modulus than bulk-fill composites.** Likewise,
it was shown that the use of this flowable bulk-fil composite as a base
significantly reduced cuspal deflection in standardized Class Il cavities when
compared to nanohybrid conventional composite restorations using an oblique
incremental filling technique.*®

In this study, the ORMOCER® composite resulted in the lowest fracture
strength mean among all the materials tested, although not different from the
nanofilled composites and the nanohybrid conventional composite using the
incremental technique. In a recent study evaluating cuspal deflection of teeth
restored with different resin composites, ORMOCER®s obtained the lowest
volumetric cuspal deflection compared to other bulk-fill composites.*® Additionally,
ORMOCER®-based bulk-fill composites showed a reduced polymerization

shrinkage when compared with other high and low-viscosity bulk-fill composites
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and hybrid composites, which was attributed to its resin matrix consisting of
inorganic—organic copolymers instead of classic monomers and its reduced
amount of organic resin compared with dimethacrylate-based composites.*347

Fracture analysis in this study indicated that the group restored with
nanocomposite, with the incremental technique, obtained a higher frequency of
failures with root fractures. Nanohybrid composite with and without flowable base
exhibited some catastrophic failures, with axial fracture of teeth. When a fracture
occurs, it is always desirable to deal with a reparable fracture rather than an
unfavorable condition. Fractures involving the root are usually difficult to restore
and surgical procedures may be needed, prolonging the treatment and making it
more complex.*®

Due to the presence of an organic matrix, the mechanical properties and
clinical longevity of resin-based composite materials subjected to aging can
decrease.*® Based on the literature reviewed, there is no clear statement of a
standardized aging protocol, with varied a number of cycles, frequency and load
being applied to the specimens. Thus, the choice between thermocycling,35°
mechanical load cycling,* both, or none,31:333451 is rather arbitrary. The present
study used both protocols, thermocycling and mechanical load cycling, with
20,000 and 500,000 cycles, respectively. It has been previously reported that
10,000 cycles of thermocycling correspond to a service year,%” and that 2 x 10°
cycles correspond to approximately 4 years of normal occlusal and masticatory
activity.53

Although in vitro studies provide information about the general
characteristics of the materials, their interpretations should consider aspects
regarding the intraoral environment. Hence, further in vivo studies are required for
bulk-filled composites to replace the gold standard incremental placement
technique in case of weakened cusp preparations.

Conclusion

Considering the limitations of this study, it was possible to conclude that:
- Restorations made with a nanofilled bulk-fil composite or with a
conventional resin composite associated with a flowable bulk-fill base

reestablished the fracture strength of weakened teeth to that of sound teeth;

14



- The nanohybrid composite used in this study improved its behavior by the

presence of a flowable base;

- Both bulk-fill composites demonstrated similar fracture resistance to that

of conventional composites using the incremental technique.
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Por varias décadas, as resinas compostas tém sido extensamente utilizadas na odontologia restauradora,
sendo consideradas o material de primeira

escolha para restauracdes diretas em dentes posteriores (1,2). Com base em pesquisa de mercado e
materiais vendidos, calcula-se que mais de

quinhentos milhdes de restauracdes dentarias diretas sdo colocadas a cada ano em todo o mundo, o que
faz dela uma das intervencdes médicas

mais prevalentes no corpo humano (3).

A contracdo de polimerizacdo é considerada uma das principais desvantagens das resinas compostas de
uso direto, pois pode resultar em

problemas como fraturas, além de gerar tensdo na interface dente-restauracéo, o que pode levar a formacéao
de fendas marginais, descoloragéo

marginal, sensibilidade pos-operatéria e carie secundaria (4). Para reduzir a tensdo de contragdo de
polimerizagao, tem sido recomendada a técnica

de insercdo incremental das resinas compostas, o que resulta em menor tensdo de contracdo devido a
reducéo do fator de configuracéo cavitaria,

além de melhorar a penetragdo da luz, permitindo um maior grau de conversao do material (5). No entanto,
esta técnica resulta em maior tempo

clinico e pode levar a introdugdo de espagos vazios no corpo da restauracéo, o que pode levar a
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reducgdo da resisténcia e falhas prematuras (6).

Nesse aspecto, a possibilidade de preencher uma cavidade em incremento Unico tem beneficios
interessantes, entre eles, o menor tempo de

trabalho e a redugado da chamada “janela de oportunidade” para erros técnicos, como a incorporagao de
espacos e a contaminagdo entre camadas

7).

Buscando esses beneficios, os fabricantes tém desenvolvido novos materiais restauradores que podem ser
utilizados em incremento Gnico de 4 a 5

mm de espessura, conhecidos como resinas compostas bulk-fill (1,6). Este novo tipo de material promove
reducao do tempo de trabalho, porém

ainda apresenta algumas limitagdes em termos de propriedades mecéanicas quando comparadas as resinas
convencionais (8). As resinas bulk-fill se

encontram disponiveis em dois tipos de viscosidade, denominadas resinas compostas bulk-fill de base e de
corpo. As resinas bulk-fill de corpo

podem ser aplicadas em um incremento Gnico sem a necessidade de cobertura, pois apresentam alto
contetido de carga inorgéanica e, portanto,

podem ser usados em areas de maior incidéncia de carga mastigatdria (2). As resinas bulk-fill de base sdo
compositos de baixa viscosidade e,

portanto, com menor conteido de carga inorgéanica e usados como forramento ou base, sobrepostos por
uma resina composta convencional (6).

Estudos tém demonstrado que as resinas compostas bulk-fill flow apresentam menor dureza, médulo de
elasticidade, deformacéo de cuspides e de

estresse de contracdo (9-11). Todas essas caracteristicas mecanicas fazem com que as resinas compostas
bulk-fill flow atuem como uma camada

que absorve o estresse gerado pelo alto médulo de elasticidade da resina composta convencional (12).

A adaptagdo marginal de restauragdées em resinas compostas tem sido frequentemente avaliada por meio
de microtomografia computadorizada (13-

19). Esse método é considerado mais vantajoso por nao ser destrutivel (14,16,18), ser mais preciso na
avaliacédo de fendas marginais (16) e superar

as limitagdes de analise subjetiva e qualitativa de testes de microinfiltracdo com uso de corantes (17).
Estudos sobre a adaptacdo marginal de

resinas bulk-fill tem demonstrado uma grande variedade de resultados conforme as marcas
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comerciais avaliadas (20-22).

A resisténcia a fratura dos dentes restaurados esta relacionada a varios fatores, como o desenho da
cavidade, a magnitude e o tipo de estresse, a

composigdo da resina composta (contetido de carga e composi¢do da matriz) e a técnica de restauracdo
(23). Geralmente, quanto maior o

envolvimento por cérie ou preparo cavitario, mais comprometido mecanicamente é o elemento dental (24). A
resisténcia de um dente diminui

proporcionalmente a quantidade de tecido dentério removido, particularmente em relagdo a largura da
seccdo oclusal, ainda mais quando a perda de

tecido dental envolve uma cuspide (25). Estudos prévios investigando a resisténcia a fratura de restauragdes
com resinas bulk-fill utilizam preparos

de Classe Il, geralmente do tipo MOD (1,26-29). Porém, séo escassos os estudos

Objetivo da Pesquisa:

Objetivo Primario:

A hipétese nula a ser testada é que néo existira diferenca na adaptacéo interna e a resisténcia a fratura de
dentes restaurados com os diferentes

sistemas de resinas compostas avaliados.

Avaliagao dos Riscos e Beneficios:

Riscos:

Riscos para o operador durante a execugdo dos ensaios em microtomdgrafo.

Beneficios:

A investigacao da efetividade de novas técnicas restauradoras pode levar a maior durabilidade clinica das
restauragdes extensas em dentes

posteriores.
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Termo de transferéncia de material biolégico
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Curitiba, Parand - Brasil, através deste informa estar realizando a cessdo dos
elementos solicitados em documentos anteriores aos responsaveis abaixo.

Professor responsavel: Evelise Machado de Souza.

Pesquisador responsdvel: Daniela Hyczy Floriani.
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novamente ao BDH-PUCPR.
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Analise estatistica

Testes de Normalidade

Resisténcia a fratura por compressao (N

B i ‘Shapiro-Wilk
Variavel Resina Composta x Adesivo
Estatistica df Valor p
0,929 10 0.441
Sem Resina / Sem Adesivo
0,848 10 0,055
Filtek Z350 / Single Bond Universal
Filtek Bulk Fill / Single Bond 0,855 10 0.066
Universal
Resisténcia a fratura por - LETE) Tl G
Filtek Bulk Fill Flow / Single Bond " v
conerassio ) Universal
0,889 10, 0,167
|GrandioSO / Futurabond U
0,958 10 0.764
Admira Fuxion / Futurabond U
X-tra Base / Futurabond U 0895 10 0184
Descritivos

Tntervalo de confianca de 95% para
Resina N Media Desvio Padréio | Erro Padréo media
Limite inferior Limite superior

Sem resina 10 107.35| 162903 211473
Filtek 2350 10) 105, ei| 543 69 422,97,
Filtek Bulk Fill 10 122,32 121814 771,55
Filtek Bulk Fill Flow 10 103,12} 1194 EI 1661,50
[Grangeso 13’ 57,50 30,83 127051] 1410,40, 119890 145443
[Aamira Fuxion 10 2 50.74 933_12' 734364 73297|  1736.23
[Xtra Base 70 1615.70] 188,62 59.71 148063 1750.77 | 1356,25] _ 1867.06)
Teste de i de
Variavel | Estatistica de Levene dft [ df2 Valor p
Resisténcia a fratura por 2608 3 6 0,025
compresso (N)
Analise Univariada de Variancia
Resina Composta I_ Rotulo de valor N
1 Sem resina 10
B Filtek 2350 10|
3 Filtek Bulk Fill 10|
o Filtek Bulk Fill Flow 10
5 [Grandicso 70|
6 [Admira Fuxion 10|
7 [Xtra Base 10

Valor p Poder observado”|

0.00001 09995351

[Tml corrigido

b. Calculado usando aifa = 05

Comparagdes multiplas

Varidvel 3 fratura por (N)
Games-Howell
() Resina Composta (J) Resina Composta Diferenca média (1) Erro Padiio Valor p SV OGO iH 8%
Limite Inferior
Sem resna Filtek 2350 68,5490 750,82006
Filtek Bulk Fill 37,0350 162.74691
Filtek Bulk Fil Flow 4436530 148,85696
[GrandioSO 5312240 | 111,69218
[Admira Fuxion 73,5010
X-tra Base 256,1810)
Filtek 2350 Sem resina 688,5490
Filtek Bulk Fill 31,5140
Filtek Bulk Fill Flow 244 8960 I
157,3250 2363881
; 507.1090)
~432.3680° [ 17,9817
Fitek Bulk FIl 37,0350 762.74691 T G
[ Terers] odsee| zaames] waraers|
Filtek Bulk Fil Flow 159.98678 0,9995] 463,784
GrandioSO 54,1890 126,14482 08707 | ~3015722
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152,30042

Filtek Bulk Fill Flow

136.11511
148,85696

Filtek Bulk Fill

GrandioSO

147 83741
98678

-297,8673|

ira Fuxion

X-tra Base

[Grangoso

Sem resina
Filtek Z350

-164.8815|

Filtek Bulk Fill

Filtek Bulk Fill Flow

|Admira Fuxion

202,2770)

X-tra Base

-275,0430°

| Admira Fuxion

Sem resina

Filtek Z350

Filtek Bulk Fill

Filtek Bulk Fill Flow

-744 5775

|GrandioSO

-542,7075)

tra Base

X
X-Ira Base |§em resina

Filtek Z350

Filtek Bulk Fill

Filtek Bulk Fill Flow

GrandioSO
|Admira Fuxion

477.3200 |

111.8847|

* A diferenga média é significativa no nivel 05,

2200,00

N)

2100,00

2000,00

P

1900,00
1800,00
1700,00
1600,00

1500,00

a fratura por

1400,00
1300,00

1200,00

1100,00

1000,00

1.C.95%

900,00

Semresina Filtek Z350 Fllteé"Bulk
1

Descritivos

Resisténcia a fratura por compressdo (N)

Filtek Bulk
Fill Flow

Resina Composta

GrandioSO

Admira

Fuxion

X-tra Base

Media

Desvio Padréo

Erro Padréo

Intervalo de conflanga de 95% para
media

Limite inferior Limite superior

Minimo

Sem adesivo

10 1.871.88

339,48

107,35

1.629,03 211473

1.456,49

Sngle Bond Universal

30/ 1.368,80

364,44

66,54

123272 1.504,89

836,68

Maximo

2.568,51
2.259,36

[Fnlurlbmﬂ u

30/ 136491

28134

5137

1.259,86 1.469,97

73297

1.867,06

Teste de Homogeneidade de Variancias

Variavel

Estatistica de Levene

aft

Valor p

Resistencia a fratura por
c sdo (N

0.2527]

Analise Univariada de Variancia

| Adesivo

Rétulo de valor

1 Sem adesivo

2 Single Bond Universal

3 ]Fulurnboﬂd )
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Varidvel dependente:
Fonte de Variagao

Valor p

Resisténcia 3 fratura por compressio (N)
Tipo Iil Soma dos Quadrados o

F
10,195]

Poder observado'
0,00014 0.98295

adesivo 2|
Erro 67| | |
lelI corrigido 8—9[ [ ]

b. Calculado usando alfa = 05

Comparagées multiplas

Varidvel ia a fratura por 30 (N)
Tukey HSD
Intervalo de Confianca 95%
(1) Adesivo (J) Adesivo Diferenga média (1-J) Valorp O
Limite inferior
Sem adesivo [Single Bond Universal 50307900 0.000) 2164798 7896762
Futurabond U 506,96867 0.000) 220 3695| 793 5678
Sngle Bond Universal Sem adesivo 250307900 0,000 7896762 -216.4798
Fulurabond U 3,88967 0,959 1987665| 2065459
Futurabond U Sem adesivo -506,96867 0.000) 7835678
[Single Bond Universal -3,88967 | 0,999 ~206 5459 198.7665|
“A diferenga média & significaliva no nivel 0,05
s 220000
o
"o
@
g
£ 200000
E
o
o
=
2
1800,00
g
Rl
S 160000
Qo
b
k'
3
o
o 140000
5
3}
~ 120000
Sem adesivo Single Bond Universal Futurabond U
Adesivo
Descritivos
Resisténcia 4 fratura por compressao (N)
Intervalo de confianca de 95% para
Resina x Adesivo N Media Desvio Padrio | Erro Padrio Minimo Maximo
Limite inferior | Limite superior
Sem Resina / Sem Adesivo 1871,88 339,48 107,35 162903 2711473 1.456,49
Filtek 2350 / Single Bond Universal 118333 334.99 10593 54369 142297 83668 | 166558
Filtek Bulk Fil / Single Bond 149485 386,81 12232 121814 177155 111692 | 225936
Universal ]
Filtek Bulk Fill Flow / Single Bond 142823 326.10 10312 118495 166150 100297 | 193586
Universal
(Grand oSO/ Futurabond U 1.340.66 97.50 30,83 127091 141040 119890 | 145443
[Acmira Fuxion / Futurabond U 1.138,38 286,94 50.74 933,12 134364 73297 | 173623
X-tra Base / Futurabond U 1615.70 188,82 59,71 148063 175077 1356.25 | 1867,06
Teste de i de
Variavel | Estatistica de Levene dft [ Valorp |
Resisténcia a fratura por 2608 6 (3 0.0254
compressdo (N)
Analise Univariada de Variéncia
I Resina Composta x Adesivo Retulo de valor ] N l
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1 Sem Resina / Sem Adesivo 10|

2 Filtek 2350 / Single Bond Universal 10|

5 Filtek Bulk Fill / Single Bond -
Universal

) Filtek Bulk Fill Flow / Single Bond 1
Universal

5 (GrandioSO / Futurabond U 10|

6 Admira Fuxion / Futurabond U 10|

7 Xtra Base / Futurabond U 10|

Variavel dependente: Resisténcia 3 fratura por compress3o (N)

Fonte de Variagao Tipo lll Soma dos Quadrados Il Quadrado Médio F Valorp | Poder observado'|
ResinaxAdesivo : 5| 645422,530) 7,395 0,00001 0,99954,
Ero 63) §7274,029 i

[Total comigido 69 | |
b, Calculado usando alfa = 05
Comparagdes miltiplas
Variavel afratura por (N)
Games-Howell
Intervalo de Confianca 85%
(1) Resina Composta x Adesivo | (J) Resina Composta x Adesivo Diferenca média (1-J) Erfo Padrio Valor p
Limite inferior | Limite superior
688,5490 150,82006| 0,004 190.1686] 1186.9204
Filtek 2350 / Single Bond Universal
Filtek Bulk Fil/ Single Bond 37,0350 162.74691 0.289| ~161.7856 915.8556
Universal
Filtek Bulk Fill Flow / Single Bond 443,6530) 148,85696) 0,083 483215 9356275
Sem Resina / Sem Adesivo Universal
531,240 11160218 0,009 130.3274]
GrandioSO / Futurabond U
107 14056331 0.001 2675435
Admira Fuxion / Futurabond U Gl
X-tra Base / Futurabond U 25,1810 12284116 0410 ~162.9088
-688,5490° 0,004 1186 9294
Sem Resina / Sem Adesivo
Filtek Bulk Fill / Single Bond -311,5140 0481 -847 4675
Universal
Filtek Bulk Fill Flow / Single Bond 24,8060 147,83741 0.651 74BN
Filtek 2350 / Single Bond Universal |Universal
~157,3250 11032973 0778 ~553.0381 236,3881
GrandioSO / Futurabond U
139.48315| 7,000 ~417.2050
Admira Fuxion / Futurabond U
X-tra Base / Futurabond U -432,3680' 121.60369| 0.038] -846.7543
37,0350 162.74691 0.289 9158556
Sem Resina / Sem Adesivo
0491 2244395 8474675
Filtek 2350 / Single Bond Universal
Filtek Bulk Fill Fiow / Single Bond == -463.7784) 597.0144)
Filtek Bulk Fill / Single Bond Oolviercal
Universal
CER 3015722 609,9502
GrandioSO / Futurabond U
0,282 1516753 864.6073

Admira Fuxion / Futurabond U

X-tra Base / Futurabond U

135_1151||

0.968

Sem Resina / Sem Adesivo

148,85696|

0,093

48,3215

Filtek Z350 / Single Bond Universal|

Filtek Bulk Fill Flow / Single Bond
Universal

Filtek Bulk Fill / Single Bond
Universal

GrandioSO / Futurabond U

14783741

0651

733.4510

0,999 -597.0144 4637784/

0,978

-297,8673| 473,0093

| Admira Fuxion / Futurabond U

137.35813|

X-tra Base / Futurabond U

119,16024

7445775/
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GrandioSO / Futurabond U

Sem Resina / Sem Adesivo

-531,2240' 111,69218) 0.009 -932,1206| -130,3274

110,32973| 0778 -238.3881 553,0381
Filtek Z350 / Single Bond Universal
-154,1890| 126.14482] 0871 -609,9502] 3015722

Filtek Bulk Fill / Single Bond
Universal

Filtek Bulk Fill Flow / Single Bond

-87,5710| 107.63064) 0.978 -473,0093| 297 8673/

Universal
202,2770) 542,7075,
Admira Fuxion / Futurabond U
X-tra Base / Futurabond U -275,0430°
-733,5010

Sem Resina / Sem Adesivo

Filtek 2350 / Single Bond Universal
Filtek Bulk Fill / Single Bond ~356,4660 z ~864.6073
[Acmira Fuxion / Futurabond U Universal
Filtek Bulk Fill Flow / Single Bond -289,8480 g -744 5775
Universal
202,270 ~542,7075
GrandioSO / Futurabond U
X-tra Base / Futurabond U -477.3200° 842 7@
~256,1810| ~675.2708
Sem Resina / Sem Adesivo
432,3680' 17,9817
Filtek 2350 / Single Bond Universal
Filtek Bulk Fill / Single Bond 120,8540] 13611511 ~348 5049
a7 v Universal
Gk Filtek Bulk Fill Flow / Single Bond 187,4720| 119.16024) 2176417 592,5857)
Universal
j 44,2693
GrandioSO / Futurabond U 2R
477,3200 0,007 T11.8847 42,7553
|Admira Fuxion / Futurabond U

" A diferenca média € significaliva no nivel 05,

2000,00

a fratura por

1400,00

1200,00

1.C.95%

800,00

Adesivo
I Sem adesivo
I Single Bond Universal
I Futurabond U

Semresina  Fitek Z350  Fitek Bulk  FRekBuk GrandicSO  Admira  X-traBase
Fil Fill Flow

Resina Composta

Fuxion
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Normas para publicacédo — Operative Dentistry

New Instructions as of 20 September 2008

Operative Dentistry requires electronic submission of all manuscripts. All submissions
must be sent to Operative Dentistry using the Allen Track upload site. Your manuscript
will only be considered officially submitted after it has been approved through our initial
guality control check, and any problems have been fixed. You will have 6 days from when
you start the process to submit and approve the manuscript. After the 6 day limit, if you
have not finished the submission, your submission will be removed from the server. You
are still able to submit the manuscript, but you must start from the beginning. Be prepared
to submit the following manuscript files in your upload:

e A Laboratory or Clinical Research Manuscript file must include:
o atitle
a running (short) title
a clinical relevance statement
a concise summary (abstract)
introduction, methods & materials, results, discussion and conclusion
references (see Below)
The manuscript MUST NOT include any:
» identifying information such as:
= Authors
= Acknowledgements
= Correspondence information

O O 0 O O O

= Figures
= Graphs
= Tables

e An acknowledgement, disclaimer and/or recognition of support (if applicable) must
in a separate file and uploaded as supplemental material.

o Allfigures, illustrations, graphs and tables must also be provided as individual
files. These should be high resolution images, which are used by the editor in the
actual typesetting of your manuscript. Please refer to the instructions below for
acceptable formats.

o All other manuscript types use this template, with the appropriate changes as
listed below.

Complete the online form which includes complete author information and select the files
you would like to send to Operative Dentistry. Manuscripts that do not meet our formatting
and data requirements listed below will be sent back to the corresponding author for
correction.

GENERAL INFORMATION

o All materials submitted for publication must be submitted exclusively to Operative
Dentistry.

e The editor reserves the right to make literary corrections.

e Currently, color will be provided at no cost to the author if the editor deems it
essential to the manuscript. However, we reserve the right to convert to gray scale
if color does not contribute significantly to the quality and/or information content of
the paper.

e The author(s) retain(s) the right to formally withdraw the paper from consideration
and/or publication if they disagree with editorial decisions.
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e International authors whose native language is not English must have their work
reviewed by a native English speaker prior to submission.

e Spelling must conform to the American Heritage Dictionary of the English
Language, and Sl units for scientific measurement are preferred.

e While we do not currently have limitations on the length of manuscripts, we expect
papers to be concise; Authors are also encouraged to be selective in their use of
figures and tables, using only those that contribute significantly to the
understanding of the research.

e Acknowledgement of receipt is sent automatically. If you do not receive such an
acknowledgement, please contact us at editor@jopdent.org rather than resending
your paper.

e IMPORTANT: Please add our e-mail address to your address book on your server
to prevent transmission problems from spam and other filters. Also make sure that
your server will accept larger file sizes. This is particularly important since we
send page-proofs for review and correction as .pdf files.

REQUIREMENTS

e FOR ALL MANUSCRIPTS

1. CORRESPONDING AUTHOR must provide a WORKING / VALID e-mail
address which will be used for all communication with the journal.
NOTE: Corresponding authors MUST update their profile if their e-mail or
postal address changes. If we cannot contact authors within seven days,
their manuscript will be removed from our publication queue.

2. AUTHOR INFORMATION must include:
= full name of all authors
= complete mailing address for each author
= degrees (e.g. DDS, DMD, PhD)
« ffiliation (e.g. Department of Dental Materials, School of Dentistry,
University of Michigan)

3. MENTION OF COMMERCIAL PRODUCTS/EQUIPMENT must include:
= full name of product
= full name of manufacturer
= City, state and/or country of manufacturer

4. MANUSCRIPTS AND TABLES must be provided as Word files. Please
limit size of tables to no more than one US letter sized page. (8 72" x 117)

5. ILLUSTRATIONS, GRAPHS AND FIGURES must be provided as TIFF or
JPEG files with the following parameters

* line art (and tables that are submitted as a graphic) must be sized
at approximately 5” x 7” and have a resolution of 1200 dpi.

= gray scale/black & white figures must have a minimum size of 3.5”
x 5”, and a maximum size of 5” x 7” and a minimum resolution of
300 dpi and a maximum of 400 dpi.

= color figures must have a minimum size of 2.5” x 3.5”, and a
maximum size of 3.5” x 5” and a minimum resolution of 300 dpi and
a maximum of 400 dpi.

= color photographs must be sized at approximately 3.5” x 5” and
have a resolution of 300 dpi.
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e FOR REFERENCES

REFERENCES must be numbered (superscripted numbers)

consecutively as they appear in the text and, where applicable, they should

appear after punctuation.

The reference list should be arranged in numeric sequence at the end of the
manuscript and should include:

1.

W N

Author(s) last name(s) and initial (ALL AUTHORS must be listed)
followed by the date of publication in parentheses.

Full article title.

Full journal name in italics (no abbreviations), volume and issue numbers
and first and last page numbers complete (i.e. 163-168 NOT attenuated
163-68).

Abstracts should be avoided when possible but, if used, must include the
above plus the abstract number and page number.

Book chapters must include chapter title, book title in italics, editors’
names (if appropriate), name of publisher and publishing address.

Websites may be used as references, but must include the date (day,
month and year) accessed for the information.

Papers in the course of publication should only be entered in the
references if they have been accepted for publication by a journal and then
given in the standard manner with “In press” following the journal name.

DO NOT include unpublished data or personal communications in the

reference list. Cite such references parenthetically in the text and include a

date.
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