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ABSTRACT

Introduction: Dental caries remains to be one of the most prevalent diseases encountered in the field of dentistry. Several restorative materials
have been introduced with variable properties and among them, composite restorative materials are most widely used nowadays because of
their superior esthetic property as well as minimal hard tissue removal. Shear bond strength of a restorative material plays a key role in deciding
the restoration’s longevity. Hence, for a better selection of the composite material, shear bond strength needs to be evaluated.

Aim: The study aim was to analyze the shear bond strength of three commercially available esthetic restorative composite materials—Dentsply
Ceram X, 3M ESPE™ Filtek™ Z350 XT, and GC Solare Sculpt to the tooth surface.

Materials and methods: Thirty extracted human mandibular permanent molars that were caries-free were selected and erected in acrylic blocks.
The uniform dentinal surface was exposed by cutting with a diamond disk. These were then randomly divided into three groups—groups |, Il
and lll based on the restorative material which was used, i.e., Ceram X, 3M ESPE™ Filtek™ Z350 XT, and Solare Sculpt, respectively. The restorative
materials were applied on the dentinal surface of the prepared tooth specimens with the help of plastic molds, followed up by storing them in
distilled water until they were subjected to shear bond strength testing. The collected data were examined by applying a one-way analysis of
variance (ANOVA) and Turkey’s post hoc test.

Results: The Ceram X (21.6155 + 2.20717) and Solare Sculpt (19.8747 + 3.99732) were comparable in terms of shear bond strength values;
however, they depicted significantly higher bond strength compared to 3M ESPE™ Filtek™ Z350 XT (12.8068 + 3.99732).

Conclusion: Among the three materials compared in this study, Ceram X produced higher shear bond strength to tooth surface when compared
to Solare Sculpt and 3M ESPE™ Filtek™ Z350 XT.

Clinical significance: Restoration failure continues to be a major problem taking a toll on the dentists’ time and patient satisfaction. Thus, the
demand for restorative materials with better shear bond strength as well as excellent esthetics is on the rise. Thus, this particular study compares
the shear bond strength of three commercial esthetic nanocomposites.
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INTRODUCTION

Dental caries continues to be a ubiquitous disease prevailingamong
the global population and thereby, a continuous demand for better
restorative materials and techniquesis still underway.' Placementand
replacement of restorations are the most frequent dental procedure
amounting to a major part of the dentists’ working time.? The
pioneering of composite restorative materials has gained popularity
mainly because of their superior esthetic properties and minimalistic
removal of sound tissue.> Continuous technological development
of composite materials has taken place in the past few decades.
At present, composite resin has made its benchmark in the field of
dentistry and is considered to be indispensable and the material of
choice for the restoration of anterior and posterior teeth.*”

A normal tooth when subjected to masticatory forces transfers
the occlusal biting load through the enamel and into dentin which
gets distributed over a large internal volume of tooth structure as
compression. This in turn lowers the effect of local stresses. On the
contrary, a restored tooth when exposed to such forces tends to
transfer the forces along with the tooth-restoration interface, thus
leading to complex stress distribution in the form of compression,
tension, or shear stress.®

The long-term clinical success of any tooth-colored restoration
is dependent on the stability of the bond between that of the
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restoration and tooth substrate.”!" The composite resin material
was found to exhibit deeper strength and micromechanical
interlocking where the dentin was treated with phosphoric acid
when compared to treating with polyacrylic acid.?

Since the masticatory process is more of a shearing
phenomenon, shear bond strength depicts the restorative
material’s adhesive strength at the tooth-restoration interface.®
Hence, the bond strength has to be tested in shear mode to yield
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a clinically relevant and acceptable test result. With the advent of
newer composite materials into the market, the need for selecting
an appropriate restorative material for clinical use becomes a critical
issue. A survey was conducted among the dental practitioners
regarding the choice of composite materials used for esthetic
restorations in molars. The results showed that Ceram X, 3M ESPE™
Filtek™ Z350 XT, and GC Solare Sculpt were the most commonly
used composite restorative materials. Hence, the present study
was conducted to comparatively analyze the shear bond strength
of three commercially available esthetic restorative composite
materials—Ceram X SphereTEC one (Dentsply Inc.), 3M ESPE
Composite (Filtek Z350 XT), and Solare Sculpt (GCInc.) to the tooth
surface as these materials are now gaining popularity as the esthetic
restorative material of choice for restoration of permanent molars.

MATERIALS AND METHODS

The current in vitro study was conducted in the Department of
Pedodontics and Preventive Dentistry in Saveetha Institute of
Medical and Technical Sciences from October to November 2018.
The study design was approved by the Institutional Review Board
of Saveetha Dental College.

Atotal of 30 permanent mandibular molar teeth were selected
based on the results of the pilot study conducted and the sample
size was calculated with 90% power. They were randomly assigned
to 3 groups of 10 teeth each. The materials used in this study were
group |: Ceram X SphereTEC one (Dentsply Inc.), group Il: 3M ESPE
Composite (Filtek Z350 XT), and group Ill: Solare Sculpt (GC Inc.). In
all the three study materials, an A1 shade was chosen for the study
to ensure uniformity in the study.

Permanent mandibular molars, which were caries-free and
extracted due to periodontal reasons, were included in the study.
Teeth with occlusal or proximal caries, attrition, any restoration, and
root canal treated teeth were excluded from the study. Ultrasonic
scaler was used to remove debris adherent to the teeth and they
were then stored in distilled water at room temperature till further
use as it has the least interference with the bond strength.'

The selected teeth were mounted in an auto-polymerizing
orthodontic resin using custom-made wax molds of 3 x 1.5 X
1.5 cm for standardization. The teeth were placed in such a way
that their occlusal surface was parallel to the resin block surface.
The teeth were then sectioned horizontally between the middle
and occlusal third of the tooth with a double-faced diamond disk
beneath the dentinoenamel junction, so that the corono-dentinal
surface is exposed. Wet silicon carbide paper of 180, 320, and 600
grit was used to polish the dentinal surface making it uniformly
flat. Thermocycling was not done to simulate oral conditions in
the present study as variations in the temperature do not have a
significant effect on the restorative materials, rather it may lead to
spontaneous debonding of the specimens.”® The specimens were
transferred for storage in distilled water at 37°C for 24 hours after
which they were randomly divided into 3 groups of 10 teeth under
each group. The materials to be tested under each group were as
follows (Fig. 1):

Group I: Ceram X SphereTEC one (Dentsply Inc.).

Group lI: 3M ESPE Composite (Filtek Z350 XT).

Group ll: Solare Sculpt (GC Inc.).

The teeth were etched with 37% ortho-phosphoric acid
(DenOR-DenEtch) for about 15 seconds and rinsed with water for
10 seconds. They were then blotted dry using cotton pellets. A
bonding agent (3M ESPE ADPER Single bond Universal Adhesive)
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Fig. 1: The three material groups used for the study for which shear
bond strength is to be compared

was then applied in two coats using a fully saturated disposable
tip. Light curing was done for 10 seconds. Readymade plastic molds
of 5 mm internal diameter and 5 mm height were taken and the
inner surface of the molds was coated with petroleum jelly. These
molds were used to bond the restorative material to the tooth
surface. The molds were placed on the tooth surface and were then
subsequently filled and condensed with the respective restorative
composite materials in 2 mm increments at room temperature and
were light-cured (Woodpecker LED curing light) for 20 seconds
each. This cured restorative material was then pushed out of the
plastic mold with a ball burnisher (Fig. 2) as done in a similar study
by Nujella et al.”®

All the 30 specimens were then placed in distilled water for
24 hours at 37°C after which they were subjected to shear bond
strength testing using Hounsfield Universal Testing Machine
(Instron, USA) at a crosshead speed of 0.5 mm/minute following
the 2003 ISO technical specification #11405'6 (Fig. 3).

Statistical Analysis

The data obtained were tabulated and analyzed using one-way
analysis of variance (ANOVA) and Turkey’s post hoc tests utilizing
SPSS software version 23.0. A probability value of <0.05 was
considered significant.

REesuLTs

The mean values of the shear bond strength of the three restorative
materials are depicted in Table 1. The shear bond strength was
found to be highest with Ceram X SphereTEC One (Dentsply Inc.)
followed by Solare Sculpt (GC Inc.) and 3M ESPE Composite (Filtek
Z350 XT). Post hoc tests (Table 2) for shear bond strength revealed
that there was no significant difference in Ceram X SphereTEC
one and Solare Sculpt composite restorative materials, while the
strength was statistically lower in 3M ESPE composite material.

Discussion

The bond between materials used in dentistry to the tooth should
be strong and durable, not only from a mechanical point of view but
also from biological and esthetic perspectives.”” Bond strength value
actsas agross assessing tool to evaluate the bonding efficacy of any
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Fig. 2: Preparation of the specimen and bonding with the respective
material according to the group

Table 1: Comparison of shear bond strength of the three material groups

Fig. 3: Instron UTM machine used to measure the shear bond strength
of the material

Table 2: Post hoc tests comparing the three groups (mean difference
and significance of difference)

Std.
Groups N Mean deviation p value Groups Significance
Group | 10 21.6155 2.20717 0.002** A B Mean difference (A-B) Std. error of difference
Group Il 10 12.8068 3.99732 Group| Groupll  8.80873* 230435  0.002
Group Il 10 19.8747 7.66814 Group Il 1.74084 2.30435 0.733
One-way ANOVA (p < 0.01) Group Il Group | —8.80873* 2.30435 0.002
“*Highly significant Grouplll  —7.06789* 230435 0013
Group Il Group | —1.74084 230435 0.733
restorative material to the tooth.® The advent of nanotechnology Group Il 7.06789*% 230435 0.013

has led to the production of nanocomposites with a particle size
ranging from 0.1 to 100 nm. Due to the reduced particle size and
wider distribution, filler loading can be increased, thereby reducing
the amount of polymerization shrinkage.'® The present study
compared the shear bond strength of commercially available three
different esthetic composite restorative nanocomposite materials of
Al shade—group I: Ceram X SphereTEC one (Dentsply Inc.), group
IIl: 3M ESPE Composite (Filtek Z350 XT), and group lll: Solare Sculpt
(GClInc.) as these materials are currently gaining popularity for the
esthetic restoration of posterior teeth.

The present study was conducted as an in vitro study, as
assessing the clinical functions and mechanical characteristics of
restorative material is difficult in vivo.'>2° Thus, in vitro testing to
assess shear bond strength proves to be the least technique sensitive
to perform and predicts the possible clinical performance of the
material by emphasizing the strength at the bonded interface.®"”

The shear bond strength of Ceram X was found to be the
highest with a mean of 21.6 MPa in the current study. Ceram X
contains SphereTEC fillers (~15 um) which are combined with
non-agglomerated barium glass fillers (~0.6 um) and ytterbium
fluoride (~0.6 um). The composite also comprises highly dispersed,
methacrylic polysiloxane nanoparticles that are chemically similar
to glass or ceramics. Thus, it can be referred to as a nanohybrid
composite with prepolymerized fillers.

The mean shear bond strength of Solare sculpt GC is
19.87 MPa. Solare sculpt has unique, hemogeneous, pre-
polymerized nanofillers with high density and uniform dispersion
silane treatment technology and contains 300-nm strontium
hemogeneously dispersed glass fillers with a filler weight of 79%.
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*The mean difference is significant at the 0.05 level

The mean shear bond strength of 3M ESPE™ Filtek™ Z350 XT
composite was 12.80 MPa. 3M ESPE™ Filtek™ Z350 XT Universal
Restorative Resin System consists of three major components.
The majority of TEGDMA (triethylene glycol-dimethacrylate)
was replaced with a blend of UDMA (urethane-dimethacrylate)
and bis-EMA (ethoxylated bisphenol A glycol dimethacrylate).
Triethylene glycol-dimethacrylate and poly-ethylene glycol
dimethacrylate (PEGDMA) are used in minor amounts to adjust
the viscosity. Poly-ethylene glycol dimethacrylate was used to
replace part of the TEGDMA to moderate shrinkage. It contains
nanoclusters in a wide range of sizes to enable high filler loading.
It contains zirconia/silica clusters, silica nanoparticles, and zirconia
nanoparticles. In a study comparing the microleakage of three
different direct composite resins using self-etching primer, it was
found that 3M ESPE™ Filtek™ Z350 showed the least amount of
microleakage.?’ However, despite the lower microleakage, in the
present study, the material has shown to have the least shear bond
strength and it is statistically significant when compared with the
other two materials used.

The coronal dentin surface of the tooth was used to analyze the
shear bond strength in the present study as the previous studies
have shown a reduction in the bond strength when resin composite
is bonded to deep dentin?>?3 and this can be attributed to the
complexities in the structure of deep dentin, such as an increase
in the number of tubules and their diameters with much less
intertubular dentin matrix when compared to superficial dentin.?*
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LED curing light was used for curing in the present study, as a
review on the effects of LED and QTH light-curing lights revealed
that LED light-curing units offer equal or better performance in
the curing of nanocomposite materials when compared to QTH
light-curing units.?

Despite the esthetic advantages of composite resins, restoration
failure continues to be a problem.?® Restorative materials should
have a high shear bond strength to withstand the masticatory
forces. The filler volume and filler weight level of the composites
have been found to correlate with the material strength and elastic
modulus.?” According to a study by Watts et al., 2% the composites
with relatively high filler content exhibited a significant reduction
in volumetric shrinkage, accompanied by lower contraction stress
value. Thus, it has been found that a combination of lower shrinkage
and decreased stress produces high bond strength.?°

Ina study by Boyer et al., high fillers were found to be associated
with increased bond strength with no effect on elasticity and a
reduction in polymerization shrinkage.>® In the present study,
the mean shear bond strength was the highest in group | (Ceram-
X). However, the post hoc tests have shown that the shear bond
strength of Ceram-X and Solare Sculpt restorative materials are
comparable. The higher shear bond strength of these materials
may be due to the advanced granulated filler technology which
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