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ABSTRACT
Objective: To compare and evaluate commercial grade composites with novel experimental dental composites.

Materials and methods: In this experimental study, two experimental and three commercial composites were tested and com-
pared. The manufacturer data and available literature were used to determine the composition of commercial items. Using
a four-figure balance and a concentration kit, we calculated mass and volume changes. Instron testing equipment was used
to determine biaxial flexural strength (BFS) and modulus. The push-out test was used to examine composite bonding with
dentine using various treatments.

Results: Mass change in the distilled water (DW) was 1.3 = 0.1 %, and in simulated body fluid (SBF) was 1.1 * 0.1% for all
materials. The volume changes in DW were 2.2 + 0.2 %, and in Simulated body fluid (SBF) was 1.6 + 0.2 % for all commer-
cial and experimental materials. The BFS declined by 33 % for commercial, and 39 % for experimental materials in 6 months.
In the case of modulus, the highest decline was associated with Vertise flow at 49 %, with the least decline of 23 % with
commercial bulk filling materials. The push-out force for composites within ivory dentine suggests maximum bond strength
with experimental composite C-4META.

Conclusion: The experimental composite had the potential to compete with commercial composites in mechanical, chemi-

cal, and microscopic properties, without compromising the properties.
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INTRODUCTION

Dental caries is a bacterial disease which cause
cavitation in tooth structure . It affects people of all ages.
The acid produced by bacterial fermentation of carbohy-
drates causes dental caries, which results in the destruc-
tion of dental hard tissues . If left untreated, dental caries
can result in natural and physical harm. Damaged dental
hard tissues are treated with various restorative materials
to restore lost tooth structure and function 2.

Composites consist of resin monomers and inor-
ganic fillers. The inorganic additives can be in the form
of remineralizing or antibacterial fillers. Monomers with a
large molecular mass for example bisphenol A-glycidyl
methacrylate (Bis-GMA) and urethane dimethacrylate
(UDMA) are used to make the composite ground sub-
stance 2. Fillers on the other hand are added to increase
strength, reduce polymerization shrinkage and heat gen-
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eration*. A silane coupling agent is used for bonding these
two components and to aid filler distribution. Additionally,
an initiator and activator are added to control the polym-
erization process.

Most composites currently in the industry are bulk
composites with high filler load. The composites used
in this study were Gradia, and Z250. The above specif-
ic composites were chosen because of their widespread
clinical use. The composites contain (Bis-GMA in Z250,
and UDMA in Gradia) different bulk monomers. All these
composites were supplied in cartridges that have been
pre-mixed. They have an overall filler content of 80 wt
% percent, making them highly viscous ® 6. The material
properties of these bulk filled composites have been ex-
tensively investigated. In terms of effectiveness, Z250 was
the strongest commercialized product, with a strength of
up to 180 MPa 8, Gradia, on the other hand, is regarded
as a weak composite with 80 MPa strength in twenty-four
hours DW °. Vertise flow was the self-adhesive flowable
composite investigated in this study. It is the most recent
addition of composites. The composition of these com-
posites is comparable to that of bulk-filled composites, but
with less filler content °.

The other two bulk-filled composites were exper-
imentally made. One contains the aqueous monomer
with HEMA (5 wt %), while other contains the adhesive
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and de-mineralizing monomer 4-META (5 wt %). The filler
component is made entirely of large particles. The goal of
these experimental composites is to compare it with com-
mercial composites, and offer standard properties for the
creation of novel composites in the future.

MATERIALS AND METHODS

This was an experimental study which was con-
ducted in University College London from 2011-2015.
Three commercial composites obtained from the market
and two experimental composites were assessed Table 1
table 1 shows the details of the composites.

The manufacturer data and available literature
were used to determine the composition of commercial
items. Samples for changes in mass and volume were
measured in distilled water, and simulated body fluid for
up to twelve weeks using a density test and a four-figure
scale (n=6). Instron testing equipment was used to de-
termine biaxial flexural strength (BFS) and modulus. BFS
was carried out on specimen with a thickness of 1 mm
and a circumference of 10 mm after 24 hours, one month,
three months, and six months of storage in distilled wa-
ter at 37 degrees centigrade (n=6). Dentine blocks were
used for the push-out test. Every test was carried out six
times in total.

RESULTS
CHEMICAL PROPERTIES

Mass Changes

Figures 1 and 2 shows mass changes in simu-
latedd body fluid (SBF) and distilled water (DW) over
twelve weeks of commercial as well as experimental com-
posites. In DW, the largest mass change was 1.3 percent,
whereas in SBF it was 1.1 percent. All composites mass
kept increasing for 6 weeks. It was thought that equilibri-
um would be established in 6-12 weeks. The bulk changes
in Vertise flow composite and C-HEMA were marginally
greater as opposed to Gradia, Z250 and C-4META.

Volume Changes

Figures 3 and 4 shows volume changes in DW
and SBF for twelve weeks of all composites. The volume
change in distilled water was 2.2 percent, while the vol-
ume change in SBF was 1.6 percent. In the initial 24 hours,
there is a 0.5-1.0 percent increase in volume of all com-
posites. C-HEMA and Vertise flow had greater final vol-
ume changes than the other bulk-filled composites. The

MECHANICAL PROPERTIES

Biaxial Flexural Strength

Over the course of six months, the biaxial flexural
strength of all composites was investigated in DW. Figure
5 shows the flexural strengths.

After twenty-four hours of storage in DW, the initial
strengths were evaluated. C-4META, C-HEMA and Z250
all have similar initial strengths of approx. 158, 167, and
168 MPa, respectively. Gradia, and Vertise flow comprised
much weaker in comparison to bulk composites. With ini-
tial strengths of 125 and 77 MPa, respectively. 2250, C-HE-
MA, and C-4META all showed a similar trend of strength
loss over time. The strength decline at one month was
more pronounced than at three and six months. Gradia
and Vertise both showed an equivalent decline in strength
at each time point.

Young’s Modulus

The modulus of all composites was tested in DW at
37°C for six months. The moduli are given in figure 6. After
twenty-four hours of storage in DW, the initial moduli were
evaluated. Gradia had the lowest modulus (2.4 GPa), fol-
lowed by Vertise flow (2.9 GPa), 2250 (3.7 GPa), C-HEMA
(4 GPa), and C-4META (5.5 GPa).

Push out Adhesion

The ISO-required push-out test was carried out.
The usage of the adhesive Ibond has shown to be the
most important element in boosting bond strength in this
research. Samples comprising of prior Ibond for commer-
cial composites had adhesion strength of 33-43 MPa, in
contrast to experimental composites with bond strengths
of 42-50 MPa.

Higher overall adhesion strength was observed
for both C-4META and flowable Vertise flow composites
after acid etching and without the use of Ibond. The bond
strength ranged from 26 to 35 MPa for bulk composites
(Gradia, 2250, C-4META and C-HEMA) after acid treat-
ment.

Table 1: Details of Commercial and Experimental Composite
used.

Z250Filtek™ ESPE 3M,

United states

Bulk Composite

Global Company
Gradia Direct posterior

Global Company | Bulk Composite

ultimate equilibrium was thought to be achieved around Flow Vertise™ Corporation Kerr Scl?rxgﬁs@e
six and twelve weeks. The volume changes in SBF was clrAdhering
lower than that of DW as general C-HEMA Experimental Composite Bulk
' Composite
C-4META Experimental Composite Bulk
Composite
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Fig 1: Mass change after storage in DW for twelve
weeks, bulk change of both test and industrial com-
posites (error bars are ninety five percent confidence
intervals, n=6).
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Fig 2: Mass change after storage in SBF for twelve
weeks, the bulk of both research and industrial
composites changed (error bars represent ninety five
percent confidence intervals, n=6).
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Fig 3: Volume change of both industrial composites
plus test after twelve weeks of depot in DW (error
bars show ninety five percent confidence intervals,

n=6).
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Fig 4: Volume change of both industrial composites
and trial following twelve weeks in simulated body flu-
id (error bars represent ninety five percent confidence

intervals, n=6).
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Fig 5: All composites biaxial flexural strength follow-
ing twenty-four hours, one, three, and six months of
storage in Distilled water. The error bars show the
ninety five percent confidence interval (n=6).
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Fig 6: After twenty-four hours, one, three-, and six-
months storage in DW, the Young's Modulus of all
composites was evaluated. The error bars show the
ninety five percent confidence interval (n=6).
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Fig 7: Use of various dentine treatment to assess the
adhesion of each composite to dentine: (Only Ibond
applied) IAnV, (Only thirty five percent phosphor-
ic acid etching InAV, (Acid cleaning accompanied
by Ibond adhesive material IAV), (No dentine prior
cleaning) InAnV. The error bars show the ninety five
percent confidence interval (n=6).

The experimental self-adhesive C-4META and Ver-
tise flow composite adhesion strength was in between 23
to 30 MPa without any dentine prior treatment. The rest of
bulk filled composites had adhesion strength of 9 to 10
MPa.
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DISCUSSION

Three commercial composites of which 2 were
mass occupied and one was flow able composite and two
experimental mass occupied composites were evaluat-
ed in this study. In addition the C4 Meta composite also
possessed self-adhesive properties. The majority mono-
mers shows least wetting as well as self-adhesive prop-
erties ''. Water sorption by composites causes a variety
of mechanical, biological, and chemical changes in the
material. Water sorption elicits unreacted radicals which
are produced from compounds, which should be of con-
cern. These unreacted monomers have the potential to
leak into the dental environment and cause cytotoxicity 2.
Furthermore, residual monomers cause the polymer ma-
trix to plasticize and facilitate water sorption. This leads
to hydrolytic breakdown, resulting in lower mechanical
properties' 14,

The mechanical characteristics of dental com-
posites should be strong to handle masticatory load '°.
During mastication upon composite various stresses are
incorporated, which includes compressive, shear and ten-
sile stresses. All three stresses are combined in the form
of flexural stress 6. As a result bending strength may be
the most accurate approach for assessing the technical
execution of experimental composite when compared
with the commercially available composites. The biaxial
flexural strength values suggests that filler loading as an
important factor in the stability of the material to behave
in long term. The addition of self-adhesive components to
the experimental composite showed added benefit in the
bonding, without compromising the strength of the materi-
al when compared with the commercially available ones™.

The adherence of material to dentine was checked
using a push out test. At first dentine blocks were made and
was checked against all composites with varying dentine
prior treatments. For class | cavities, the push out test was
a good model'®. The values obtained with Ibond use on
dentine were in agreement with literature using un-etched
human dentine'®. With water present, the anhydride group
in the 4-META within Ibond is hydrolysed to provide two
carboxylic acid groups. It is suggested that these may par-
tially de-mineralise the dentine to allow some micro-me-
chanical interlocking, but in addition enable a chemical
bond with calcium in remaining hydroxyapatite. Hence
improving the bond strength of the material.

Our study concludes that the experimental com-
posite had the potential to compete with commercial com-
posites in mechanical, chemical, and microscopic proper-
ties, without compromising the properties.
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