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The finish line location of the cemented crown is an influencing
factor for tensile bond strength, marginal adaption and

nanoleakage?

A localizagao do término marginal em coroas cimentadas é um fator que influencia a resisténcia a tracao, adaptagéao

marginal e nanoinfiltragao?
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ABSTRACT

Objective: The aim of this study was to evaluate the
influence of different crowns finishing line location
on the crown tensile bond strength, marginal
adaption and nanoleakage. Material and Methods:
Sixty healthy third molars were collected. For tensile
bond strength, a self-adhesive resin cement was used.
For marginal adaption, epoxy resin models were
prepared. Prior to tensile bond strength test, images
for the epoxy resin models were measured under
scanning electron microscopy (SEM). Nanoleakage
was measured using same protocol. Failure mode
was evaluated through SEM and classified: adhesive
failure, cohesive in cement, cohesive in dentin,
cohesive in resin composite, cohesive in enamel,
and mixed. Statistical analysis was performed
using Shapiro-Wilk and Kolmogorov Smirnov
normality tests, two-way ANOVA, Bonferroni (post-
hoc) parametric test, with significance level of 5%
(P < .05), Spearman correlation test. Results:
tensile bond strength was not statistically different
between the cemented groups with composite
resin and ceramic. Cementation of ceramic was not
statistically different between the groups (enamel,
3.28 Pa; dentin, 3.14 Pa; resin, 2.85 Pa). Marginal
adaption was statistically different between resin
and ceramic; finish line location varied between
enamel and resin (175.91 um vs. 433.58 um).
Nanoleakage rate was statistically different among
all groups, except for resin: with resin (9.49%) and
ceramic (9.35%). There was a predominance of
adhesive failure in all groups. Conclusion: finish
line location can be performed safely in enamel
and dentin. Composite resinas substrate present
an alternative, but still need to be more studied.
Regarding the crown’s material, it is possible to
perform a satisfatory restoration in both: resin
and ceramic. With ceramics presenting better results.
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RESUMO

Objetivo: O objetivo deste estudo foi avaliar a influéncia da localizagdo
do término marginal na cimentacio de coroas, na resisténcia a
tracdo, adaptacdo marginal e nanoinfiltracio, de acordo com os
fatores: término marginal (dentina, esmalte e resina composta),
e material restaurador (resina composta e cerdmica). Material e
Métodos: Foram coletados 60 terceiros molares higidos. Para o teste
de resisténcia a tracdo, todas as amostras foram praparadas com
término em chanfro e um cimento resinoso autoadesivo foi utilizado
para a cimentacfo. Para a avaliacdo da adaptacdo marginal, foram
confeccionados modelos em resina epdxica da linha de cimentagio das
amostras, previamente ao teste de tracdo, e submetidas a avaliacdo em
microscopia eletronica de varredura (MEV), para obtencio de imagens
que posteriormente foram mensuradas. Para a nanoinfiltragio, foram
confeccionados fragmentos dos substratos e materiais restauradores,
que foram cimentados com o mesmo protocolo. As amostras/imagens
foram obtidas em MEV e mensurada a drea infiltrada. O padrao de
fratura foi avaliado através de imagens obtidas no MEV e classificados
em: falha adesiva, coesiva em cimento, coesiva em dentina, coesiva
em resina composta, coesiva em esmalte e mista. A andlise estatistica
foi realizada utilizando os testes de normalidade Shapiro-Wilk e
Kolmogorov Smirnov, ANOVA a dois fatores, teste paramétrico
Bonferroni (post-hoc), com nivel de significincia de 5% (P <0,05),
teste de correlacdo de Spearman. Resultados: a resisténcia a tragio
ndo foi estatisticamente diferente entre os grupos cimentados com
resina composta e ceramica. A cimentagdo da cerdmica ndo foi
estatisticamente diferente entre os grupos (esmalte, 3,28 Pa; dentina,
3,14 Pa; resina, 2,85 Pa). A adaptacdo marginal foi estatisticamente
diferente entre resina e ceramica; a localizacdo da linha de chegada
variou entre esmalte e resina (175,91 um vs. 433,58 um). Para a
nanoinfiltracdo foi estatisticamente diferente entre todos os grupos,
exceto a resina: com resina (9,49%) e ceramica (9,35%). Houve
predominio de falha adesiva em todos os grupos. Conclusdo: a
localizacdo da linha de chegada pode ser realizada com seguranca
no esmalte e dentina. O substrato em resina composta apresenta
uma alternativa promissora, mas ainda precisa ser mais estudado.
Em relacdo ao material da coroa, é possivel realizar uma restauragdo
satisfatdria tanto em resina composta quanto em cerdmica. Sendo a
ceramica, o material que apresentou melhores resultados.

PALAVRAS-CHAVE

Resina composta;
Nanoinfiltracdo

Ceramica; Tracdo; Adaptacio Marginal;
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INTRODUCTION

he bond strength to withstand chewing

forces, the marginal adaption, as well as
the resistance to infiltration are important
factors to achieve success in the cementation of
a crown [1,2]. The resinous cement maintains
constant contact with the oral environment, and
consequently undergoes aging over the time; this
could result in a compromise of its mechanical
characteristics, due to the degradation of
the collagen and polymer network at the
cementation interface [3]. Such degradation
leads to the formation of marginal degradation
and, consequently, to larger infiltrations, which
result in lower cementation bond strength [3,4].

Rehabilitation of a tooth with extensive
loss of dental structure, can be achieved using
different techniques according to the choice
of material, such as the use of composite resin
directly in the mouth, and indirect restorations
with composite resin or ceramic crowns made in
the laboratory [4].

The material and technique of choice, as
well as the location and design of the marginal end
of the restoration are important considerations
[5]. The literature reports indicated that enamel
consistently presented higher bond strength than
dentin, due to its mineral content and low water
concentration of up to 3%; whereas. Adhesion
to dentin is more difficulty due to its organic
and inorganic composition and high-water
content of about 20% [6]. Through the advanced
development of composite resin materials,
together with the principle of less wear on dental
structure [7], there are not many studies in the
literature that have focused on the influence of
the location of the marginal end and design of
the preparation.

With the aim of preservation the dental
structure, and increasing aesthetic requirement
of patients, metal-free materials are increasingly
being used with high clinical success rate [8].
Rehabilitation has increasingly used ceramics
alone, with good aesthetic and functional results
[9]; for this purpose, there are several types of
ceramics, such as zirconia and leucite, of which
lithium disilicate ceramics is he most frequently
used type [10], which consists of a high number
of lithium disilicate crystals interrelated with the
glass matrix and shows good results in terms of
marginal integrity and mechanical strength [11].

Composite resin is an alternative material to
ceramics that presents satisfactory clinical results
[12]; however, a study demonstrated some
potential problems with composite resin such as
marginal cracks, postoperative sensitivity, and
fractures [13].

Problems can be generated by technical
errors during the cementation process, such
as poor marginal adaptation, increased
accumulation of plaque, secondary caries’
progression, cracks, and decrease in the bond
strength [14]. To overcome these limitations,
self-adhesive cement was developed to reduce
the sensitivity of the technique by reducing the
number of involved steps [1]. Resin cements are
friable materials; hence it is important to study
the bond strength, marginal adaptation, and
resistance to infiltration of the finish line of the
cemented crown [3].

The aim of this study was to evaluate
the influence of different crowns (microhybrid
composite resin and lithium disilicate)
finishing line location (dentin, enamel, and
resin composite) on the crown tensile bond
strength, marginal adaption and nanoleakage.
The hypothesis of the study consisted that the
marginal finish line location and crown material
would not influence the crown cementation
in terms of the tensile bond strength, marginal
adaption, and nanoleakage.

MATERIAL AND METHODS

This study was approved by the research
ethicscommittee (CAAE66767417.6.0000.5418).

Sixty third molars obtained from human
subjects were included. The following factors
were evaluated (as described in the flowchart):

1) finish line location for cementation
of the crowns: in dentin, enamel, and resin
composite; 2) rehabilitation material: crown in
composite resin, and ceramic crown of lithium
disilicate in the injected system (E.max Press,
Ivoclar Vivadent, Schann, Liechtenstein), in a
factorial design (3 x 2) as described: DR: Dentin
finish line- Composite resin crown; DC: Dentin
finish line- Ceramic crown; ER: Enamel finish
line— Composite resin crown; EC: Enamel finish
line- Ceramic crown; RR: Composite resin finish
line — Composite resin crown; RC: Composite
resin finish line — Ceramic crown.
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Figure 1 - Flow-chat presenting the study design.

Crown

The response variables were tensile bond
strength (n = 10); marginal adaption (n = 10);
nanoleakage (n = 10)

* Specimens preparation

Prior to the inclusion process, the teeth
were sectioned up to 2-mm length of the clinical
crown (cement-enamel junction) in a cutter. All
teeth were morphologically reconstructed with
microhybrid composite resin (Filtek Z 250 XT, 3M
ESPE, St. Paul, MN, USA), using 37% phosphoric
acid for 30 seconds on enamel, and 15 seconds on
dentin, the acid was washed by water irrigation for
30 seconds, and enamel was dried by 30 seconds.
Adhesive used as the bonding agent (Adpter
Single Bond 2, 3M ESPE, St. Paul, MN, USA) was
applied twice for 20 seconds with air evaporation
of the solvent between each application, and
subsequently photopolymerized by 20 seconds
(Valo, Ultradent-Products Inc., South Jordan,
UT, USA). All the specimens of dentin, enamel,
and composite resin were prepared by the same
recalibrated operator using a diamond-shaped
conical drill bit (2135 KG Sorensen, Sao Paulo,
Brazil). The preparation of all specimens was
carried out following the same pattern, varying
only the location of the marginal finish line. An
occlusal reduction of 2 mm was performed with
guideline of the inclination of the cuspid, then
sequentially it was performed the preparation
the walls with 2 mm thick and inclination of 5
degrees.

A retention loop was made on the occlusal
surface of the resin/ceramic unitary crown. The
crown of laboratory-made resin was produced
following the same characteristics of the ceramic
crown, and then polymerized.

Ceramic
Crown

Ceramic Resin
Crown Composite

Resin
Composite

Crown Crown

Cementation

A self-adhesive resin cement (Relyx U
200, 3M ESPE, St. Paul, MN, USA) was used
as follows: Composite resin unitary crown:
Preapplication of 37% phosphoric acid for 30
seconds, water irrigation for 30 seconds, and
complete drying of the surface were performed.
Sequentially, a thin layer of universal single-bond
adhesive (3M ESPE, St. Paul, MN, USA), and self-
adhesive cement was applied. Ceramic unitary
crown: Preapplication of 5% hydrofluoric acid for
20 seconds, water irrigation for 30 seconds, and
complete drying of the surface were performed.
Sequentially, a thin layer of universal single-bond
adhesive (3M ESPE, St. Paul, MN, USA) and self-
adhesive cement was applied. Due to the diffuse
orientation of the enamel’s prisms, that presents
difficulty in terms of etching and penetration the
substrate by the self-adhesive cement monomers,
it was performed a selective etching on enamel.
Enamel finish line: Preapplication of phosphoric
acid at 37% for 30 seconds, water irrigation for
30 seconds, and complete drying of the surface
were conducted. Sequentially, the unitary
crown was placed with self-adhesive cement,
and photopolymerization for 30 seconds was
performed. Dentin finish line: Without previous
acid etching (following the manufacturer’s
instructions), water irrigation of the dentin was
performed for 30 seconds and only the excess was
removed, leaving the dentin wet. Sequentially,
the unitary crown was placed with self-adhesive
cement, and photopolymerization for 30 seconds
was performed. Composite resin finish line:
Preapplication of phosphoric acid at 37% for 30
seconds, water irrigation for 30 seconds each, and
complete drying of the surface were performed.
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Sequentially, a thin layer of universal single-bond
adhesive (3M ESPE, St. Paul, MN, USA) was
applied, the unitary crown was placed with the
self-adhesive cement, and photopolymerization
for 30 seconds was performed.

The cementation process was done by
the same operator who was pre-calibrated. The
samples were polymerized for 30 seconds. The
cementation line was isolated, and self-cured
polystyrene resin was handled and poured into
the region, with a retaining loop made, enabling
testing of the system with the universal testing
machine.

Tensile Bond Strength

It was produced along the long axis of the
tooth, at a speed of 1 mm per minute. For the
standardization of results, the following equation
was used: RT=F/S.A. (where: RT, tensile bond
strength (Pa); F, force of the cementation line
(N); S.A. - sample area, that was checked with
a precision digital caliper (Mitutoyo Corporation,
Tokyo, Japan).

Failure Mode

After performing the tensile strength test,
the failure mode of the sample was classified by
SEM (JEOL JSM-6610LV, MA, US) as: adhesive
(cement and substrate), cohesive in cement,
cohesive in dentin, cohesive in resin composite,
cohesive in enamel, and mixed.

Marginal Adaption

Before isolating the cementation line in the
tensile bond strength test sample, each sample
was molded on the palatine and buccal surfaces
with silicone material (Express XT, 3M ESPE, , St.
Paul, MN, USA) and epoxy resin models from each
face (vestibular and palatine) of all specimens
were made. Subsequently, all samples were
assembled in aluminum stubs to receive a thin-
layer coating of gold (Balzers-SCD 050 Sputter
Coater, Scotia, NY, USA) and evaluated under
SEM (LEO 435 VP, LEO Electron Microscopy Ltd,
Cambridge, UK) at magnification of 150X. The
images were measured using ImageJ software
(LOCI, University of Wisconsin, USA), at three
points: both borders and center. Subsequently,
the mean of each face was calculated, and in
sequence, a new media between the palatine
and vestibular face was made to obtain the mean
value of the sample.

Nanoleakage

For the nanoleakage test, the samples
of each group were immersed in silver nitrate
(manufacturer) solution for 24 hours at 37°C in
a dark environment. Sequentially, the samples
were washed in running water for 2 minutes and
immersed in developing solution (manufacturer)
for 8 hours under a fluorescent lamp; the samples
were washed with distilled water and immersed
in polystyrene resin.

After inclusion, the samples were polished
with water strips (manufacturer), felt disks
and diamond pastes at decreasing granulation
(manufacturer). The samples were dried with
absorbent paper and treated with phosphoric acid
at 85% (manufacturer) for 10 seconds to achieve
demineralization, followed by washing with
distilled water. Deproteinization was conducted
using a 2% solution of sodium hypochlorite
for 10 minutes; the samples were washed with
distilled water and dried at room temperature.
Subsequently, the samples were dehydrated
in ethyl alcohol (manufacturer) at increasing
concentrations for 10 minutes per concentration.

Images on SEM were recorded for
evaluation of the infiltrated area using ImageJ
software. For each sample, the total area and
infiltrated area was calculated, and the percent
infiltration was derived.

Statistical Analysis

All data were submitted to analysis
of normality and homogeneity of values.
The statistical analysis performed for all
methodologies  (bond  strength, marginal
adaptation and nanoleakage) was two-way
ANOVA test with Bonferroni post-hoc test, taking
into consideration two variables simultaneously:
restorative material (composite resinor ceramic)
and finish line location (dentin, enamel or
resin composite). Statistical analysis was
performed using Shapiro-Wilk and Kolmogorov
Smirnov normality test, two-way ANOVA and
Bonferroni (post-hoc) parametric tests, with 5%
of significance (P < .05), and Spearman test of
correlation SPSS 21.0 (IBM SPSS Statistic for
Windows, v. 21.0, IBM Corp., Armonk, NY, USA).
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RESULTS

The tensile bond strength (TableI) results
was not statistically different between the
groups of ceramic and composite resin crown
(P < 0.05); the ceramic crown cementation
was statistically different between the groups
with enamel/dentin (EC and DC) finish line.

Table | - Averages and standard deviation of the tensile bond
strength

Tensilebondstrength(Pa)  Resin composite Ceramic
Dentin 295(017)= 314(0.35)

Enamel 315 (0.30)@ 328(045)=

Resin composite 2.81(047) 285017y

Distinctive lowercase letters in a column and uppercase letters
in a row represent a significant difference (p <0.05).

The marginal adaption results (Table II)
was statistically different between the cemented
groups with ceramic and composite resin crown,
and those based on finish line location.

Table Il - Averages and standard deviation of the marginal
adaption

Marginal adaption (um)
Resin composite Ceramic
Dentin 34237 (217500 29115 (1756)2
Enamel 26142 (862) 17591(742)%
Resin composite 43358 (34.64)% 36868 (3012

Distinctive lowercase letters in a column and uppercase letters
in a row represent a significant difference (p <0.05).

The nanoleakage results (Figure 2) was
statistically (Table III) different among all
groups, excepting RR and RC.

Figure 2 - Nanoleakage. A- Finish line location on enamel. B-
Finish line location on dentin. C- Finish line location on resin
composite. Circles in blue point the observed infiltrations.
Asterisks in green point cement layer. Arrows in blue point the
finish line location.

Table Il - Averages and standard deviation of the nanoleakage

Nanoleakage (%)
Resin composite Ceramic
Dentin 2359(0.65) 2214(097)
Enamel 1556 (0.44)* 14,66 (045)*°
Resin composite 949(0.55)0¢ 935(018)

Based on the results of failure mode
analysis, there were three types of fractures:
adhesive, cohesive in resin, and mixed (Figures
3A - 3D).
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Figure 3 - Representative images of different types of failure
mode. A and B- Adhesive failure. C- Cohesive in resin; D- Mixed.
Arrow pointing the cement present; green circle pointing the
cohesive fracture and hand pointing a tooth fracture.

The DR group had a high rate of adhesive
failure alone, and the DC group had a high
rate of adhesive failure and low percentage of
mixed failure cases. The ER and EC groups had
a higher rate of adhesive failure followed by
mixed failure compared to those of the other
groups. The RR group had both adhesive failure
and cohesive in resin, whereas, the RC group
had a greater percentage of adhesive failure,
and lower percentage of cohesive in resin and
mixed, as can be observed on Figure 4.

Failure Mode

.. |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
W Adhesive M Cohesive in cement B Cohesive in dentin

Cohesive in resin composite M Cohesive in enamel B Mixed

Figure 4 - Percentage of failure mode observed on groups.

DISCUSSION

The results revealed the presence of
group-wise differences indicating that the
location of the marginal finish line and
material of the crown influenced the tensile
bond strength, marginal adaption, and
nanoleakage; therefore, our hypothesis was
rejected.

The results of the tensile bond strength
test indicated that the groups with enamel
finish line had better performance, followed
in order by those with dentin and resin
composite. This phenomenon may be related to
the hybridization process involving a network
of cross-links [copolymerization] between
monomers and those with the hydroxyapatite
within the dental structure [8].

The self-adhesive cements comprise
acid monomers, such as carboxylic acid and
hydroxyethyl methacrylate (HEMA), which
create micromechanical retentions through
partial etching of the smear layer surface [15].
In addition, there are other monomers, such
as phosphate ester, that mediate chemical
bonding with the hydroxyapatite, which
remains in the dental tissue [6]. Therefore,
the bonding process of these materials is more
chemical than mechanical [16]. Due to the
effect of partial etching and higher viscosity
presented by the self-adhesive cement than
conventional cements, it is more difficult to
the monomers penetration in the tubules;
because the material counts in addition
to the chemical adhesion with the dental
structure, with a mechanical retention with
the TAGs, promoting a greater bond strength
[15]. However, a report has indicated that
the treatment of the enamel’s surface with
phosphoric acid at 37% prior to the application
of self-adhesive cement increased the strength
of adhesion [16]. Since the etching of
phosphoric acid in dentin would cause the
total removal of the smear layer, which would
be something to avoid, since the monomer
10-MDP binds to the dental structure through
hydroxyapatite [16].
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The diffuse orientation of the enamel’s
prisms presents difficulty in terms of etching
and penetration of the substrate for the self-
adhesive cement monomers [17]. Surface
etching with phosphoric acid at 37% improves
the topography and changes the superficial
tension of the surface; therefore, the cement
is attracted by capillarity to the pores of the
enamel which facilitates mechanical retention
in addition to chemical bonding [15].
Moreover, due to the mineral content, the
enamel [inorganic component [96% of weight]
comprising calcium phosphate, fluorapatite,
carbon apatite; water [3%]; organic matrix
comprising protein matrix [1%], needs
surface etching for adequate adhesion [14].
Results of the tensile bond strength test in
this study corroborate with those of previous
studies, indicating that the enamel selective
conditioning protocol increases the resistance
of the adhesive interface for self-adhesive
cement with enamel [15,16].

In contrast, the complex composition
of dentin [inorganic component comprising
intertubular dentin [50% of total composition];
organic  matrix  comprising  collagen,
phosphorus, and glycosaminoglycans (30%);
water (20%) presents an ongoing challenge
for the use of self-adhesive cements [6]. The
acid monomers of the self-adhesive cement
enable etching of the smear layer and produce
micro retentions of 2-Um size [14,15]. In
addition, removal of the partial smear layer
is an advantage, due to the presence of a
greater amount of hydroxyapatite in the
collagen network, which leads to an increased
number of bonds between the monomers, and
consequently, an increase in the bond strength
of the interface [15].

A study investigating the retention of
three different resin cements reported values
of 2.9 - 3.9 Pa, similar to those of the tensile
bond strength in the present study using
similar methodology; the discrepancy between
our results and those of other studies could
be due to differences in the methodology and
composition of materials used [14].

Regarding the marginal adaption, the
groups with enamel finish line also presented
better performance, followed in order by
the dentin and resin composite. The enamel
submitted to acid etching undergoes changes
in topography which alters the surface tension;
consequently, there is better flow of cement
through the surface and better seating of the
crown [17].

The results showed that the bond
strength of the material with dentin presented
a worse performance compared to enamel,
since the enamel as substrate present a more
previsible bond. As previous studies showed
that the previous conditioning in dentin did
not increase the bond strength in dentin, the
protocol used was not to perform the previous
conditioning, following the adhesion protocol
recommended by the manufacturer. Some
reports have indicated that the preapplication
of phosphoric acid at 37% to dentin preceding
the application of self-adhesive cement did
not improve the mechanical properties, due
to the difficulty of the self-adhesive cement
of high viscosity to permeate the retentions
created in the collagen network [16], which
could explain the result in this study of poorer
performance of the groups with dentin as
finish line location [DR and DC] compared to
those of the enamel groups.

It was used resin cement as a simplified
adhesive system of self-etching adhesive in a
single vial to mediate bonding to the internal
surface of the crown, which are both of
acidic nature [17]. Due to interaction with
oxygen during the cementation process, the
acid groups in the unpolymerized layer of
the universal single-bond adhesive compete
with the peroxides of the cementing agent,
for the aromatic tertiary amines, creating
an acid-base reaction between the adhesive
and cement; this reaction has an effect to
decrease copolymerization to below adequate
level, resulting in a change in the contraction
of the resin cement, and thereby, increased
values of the cementation line [18]. In
addition, the composite resin finish line is
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without phosphoric acid-mediated surface
retentions, and hence, the cement bonding
is purely chemical which compromises the
seating of the crown [19]; consequently, the
marginal adaption for the finish line location
of composite resin in the RR and RC groups
had the worst performance among all groups.

Internal etching of the crown is another
important factor for the success of cementation;
for mainly lithium disilicate-based ceramic
crowns, application of hydrofluoric acid at 5%
for 20 seconds achieves excellent etching on
the inner surface, due to the ratio of crystals
in the glassy matrix of this material [20];
whereas, the composite resin crown has the
poorer settlement during cementation and
lower bond strength than ceramic, due to
the lack of free radicals that allow chemical
bonding with the cement monomers [21].
These findings corroborate the results in the
present study of higher tensile bond strength
in all the cemented groups with ceramic
crowns than those cemented with composite
resin crowns.

The values obtained by the marginal
adaption test corroborate those previously
reported for resin cements (180um - 380um)
according to the composition of each material
and technique used during cementation [14];
the exception was the group with finish line
location and crown in composite resin that
showed the highest value indicating the
poorest performance and can be explained
by the interaction of the self-adhesive cement
and self-etching adhesive.

The water content on dentin is necessary
factor for the action/bonding process of the
self-adhesive cement to release the middle
hydrogen ions allowing demineralization
of the smear layer by the acid monomers,
which can be reused in the reaction between
the monomers of phosphate [multifunctional
acid] and particles of alkaline charge [22,23].
The acidic property of self-adhesive cement
due to high concentrations of acid monomers
during polymerization is neutralized by

reaction between phosphate groups and
alkaline charged particles and hydroxyapatite
[23]. When neutralization is complete, the
cement becomes more hydrophilic, which
leads to increased wettability on the surface,
and higher susceptibility of the interface to
hydrolysis [22]. The action of self-adhesive
cement and water concentration of dentin
explains the results obtained through the
nanoleakage test of poorest performance for
the groups with finish line location on dentin
[DR and DC] and better performance for the
groups with finish line location on enamel [ER
and EC] and composite resin[RR and RC], due
to their characteristics of lack of water content
and absence of water, respectively [22,23].

Previous studies have classified the case
of remaining cement in both the tooth and
crown as cohesive failure [24], which was
observed only in the RR and RC groups of
this present study. Adhesive failure was the
most frequent failure type in this study, which
indicates that the bond strength of the cement
to surface is less than that of the cement to
crown and the presence of debonding on the
surface of the ceramics/composite resinsuch
as failure of the bonding crown/cement
bond [23,24]. This finding may be due to a
lack of silane; reports indicate that the acid
monomer, present in the universal adhesive,
may react with the silane present in the
solution, resulting in a volatilization of the
same [23-25].

Theself-etchingadhesiveusedasabonding
agent in this study comprises a combination
of silane, HEMA, 10-methacryloyloxydecyl
dihydrogen phosphate (MDP), and bisphenol-A
diglycidyl ether dimethacrylate (Bis-GMA) in
a single vial [25]. Adhesives with the MDP
component provide a reliable bond between
the crown material and tooth surface [24,25].
The combination of silane with MDP monomer
increases the level of cross-linkages with
the methacrylates groups and also improves
wettability of the surface, which results in the
improved adhesion mechanism of the system
[25]. However, studies have indicated the
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absence of significant differences between the
use of silane alone and universal single-bond
adhesive [25]; moreover, single-vial universal
adhesives have problems associated with the
instability of silane in solution on contact with
MDP and bis-GMA [25]. In acidic media with
the presence of water and MDP, the reactions
of the silanol group would result in a decreased
level of bond strength of the interface and
resistance to infiltration [24,25].

Spearman’s correlation revealed a
negative and high correlation between the
tensile bond strength and marginal adaption
(p = -0.508; P < .00) [26]. The groups with
the highest tensile bond strength showed the
lowest cementation line [group with enamel
finish line location], and those with a higher
cementation line showed lower bond strength
[group with composite resin finish line
location].

Although the enamel groups presented
better performance for tensile bond strength
and marginal adaption, the composite resin
group showed close and satisfactory values.
The evaluation of nanoleakage indicated
better performance of composite resin versus
enamel and dentin due to the difference in
water composition of each substrate that
has variable effect to lower hydrolysis, and
consequently lower infiltration at the interface.
This finding suggests higher stability of the
interface for composite resin; study including
thermomechanical aging of the samples is
required to confirm this finding.

The present study highlights that the
marginal finish line location has a direct
influence on the crucial factors of crown
cementation, such as the cement bond
strength, marginal adaption, and nanoleakage
resistance. The study was conducted using
an in vitro model; nevertheless, the findings
can be correlated with the clinical behavior of
dental materials and structures and enable a
guideline for clinicians regarding the location
of the marginal finish line for cementation of
the crowns.

CONCLUSION

It can be concluded that the preparation
for crown can be performed safely in both
enamel and dentin. The composite resin
as finish line location presented promising
results, however, further studies are still
needed to regarding its indication; it may be
an alternative to avoid subgingival terms. The
restoration can be done safely with crowns
made of composite resin or ceramic, ceramic
crowns presented better performance, related
to bond strength, marginal adaption and
nanoleakage.
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