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Abstract

Dental fillings are one of the most widespread minimal invasive procedures in modern restorative dentistry.
Thanks to the advantages of recently developed filling materials, adhesive systems, and filling techniques,
it is possible to create high strength, long-lasting dental fillings. Qualifying these structures is a complicat-
ed procedure; the most common method is the use of a microtensile bond strength test, for which speci-
mens need to be formed and stabilised with adhesives in special jigs. During our research, three different
cyanoacrylates were examined to find the ideal adhesive for bonding the metal and dentin and the metal and

EverX short fibre composite, respectively.
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1. Introduction

Materials science related to restorative dentist-
ry and the methodology of teeth restoration is a
dynamically developing field. Thanks to mod-
ern filling materials and filling techniques, high
strength composite dental restorations can be
created [1, 2].

With these newly developed materials,
high-quality dental fillings can be created rap-
idly with a one-step bulk filling technique, com-
pared to the traditional layering technique which
is time-consuming. These composites and filling
techniques are comparable by quantifying their
properties to given stresses [2].

Therefore, it is necessary to examine the differ-
ent types of filling techniques and materials, as
the mechanical properties of finished dental res-
torations depend on several factors..

1.1. Structure of dental fillings

The composition of dentin, which extends from
the crown to the root of the tooth and forms the
main part, consists of approximately 70 % inor-
ganic, 18 % organic material and 12% water. This
tissue’s composition and properties differ accord-
ing to its location [3, 4].

The biomimetic approach is a novel, increas-
ingly prominent field for restoring deep, Class I
cavities (usually difficult to fill in one step), with
mostly a short fibre reinforced composite as den-
tin replacement. A typical biomimetic restorative
approach uses a combination of materials resem-
bling the natural properties of the replaced tis-
sues [5].

One of the most significant parameters in biomi-
metic restorations is the bond between the dentin
and the dentin replacement composite. Improper
adhesion can lead to filling detachment and sec-
ondary caries, the most common causes of failure
in dental fillings [5, 6].

1.2. Test method

One of the most common methods for qualify-
ing the bond between the dentin and the dentin
replacement material is to perform microtensile
bond strength tests. The conventional microten-
sile bond strength test is the most commonly used
method [7, 8].

This measurement is suitable for examining
small samples; therefore, several samples can be
prepared from one tooth. Usually, prismatic spec-
imens are used during the tests. Another widely
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used type of specimen is dumbbell-shaped, in
which the location of the failure can be deter-
mined in advance, but this is limited due to the
rigid behaviour of the samples [4, 6].

In the latest studies, the microtensile bond
strength test is used to qualify dental fillings
[9-11]. Thus during this research, the method of
sample binding was examined since the literature
does not detail the exact steps.

Modern biomimetic dental fillings are of high
strength, so the strength of the binding to the
clamp must be greater than the adhesion between
the dentin and the filler to test the dentin-filler
connection properly. Our goal is to bond samples
to clamps used in dental research with various
commercially available cyanoacrylate adhesives
and perform microtensile bond strength tests to
determine which adhesives should be applied
while binding the dentin or the composite to the
metal clamp.

During our research, we performed tensile tests
on previously removed wisdom teeth and on fill-
ing materials used in the daily practice of dentists.

2. Materials and methods

2.1. Materials

For the microtensile bond strength tests, three
types of cyanoacrylate adhesives were used.

The first is Loctite Super Attak Power Easy
(LSAPE) gel adhesive, which is easy to apply due
to its high viscosity, and it is a high-strength ad-
hesive.

The second is 3M Scotch-Weld Instant Adhesive
PR100 (3M), a low-viscosity adhesive specifically
for polymers that are difficult to bond.

Finally, we used Loctite Super Attak Brush On
(LSABO) low-viscosity instant adhesive.

In all cases, the metal surface was cleaned with
acetone and treated with a Toolcraft primer and
polymerisation was accelerated with an activator
at the end of the process.

The EverX Posterior short-fibre reinforced
composite is used as filling material to replace
the dentin in restorative dentistry. It has a low
amount of polymerisation shrinkage so that it can
create gap-free connections.

The teeth specimens were all cut from wisdom
teeth removed for health reasons.

2.2. Preparation of specimens

From the removed wisdom teeth, prismatic
specimens with a side length of ~1-1.5 mm and a
height of ~8 mm were cut for microtensile bond

strength tests. First, the tooth’s root was cut with
a Buehler IsoMet 1000 diamond disc cutter, thus
opening the pulp cavity, then it was filled up with
Cosmedent Insure White Opaque dental compos-
ite. In the next step, slabs were cut perpendicu-
lar to the occlusal surface, and then 2-3 prismatic
specimens were cut from each slab.

For the adhesion test of EverX composite, the
composite was given form using a unique tool,
cured with a polymerisation lamp, removed from
the form and light-cured on several sides. In the
next step, the sample was cut to the same size as
the tooth sample.

2.3. Methods of measurements

In order to choose the adequate adhesive, ten-
sile tests were performed on an Instron 5965 uni-
versal electromechanical material tester with a
5 kN load cell and a 1 mm/min crosshead speed.

During the examination, the specimens were
bonded to generally used jigs with different ad-
hesives.

Both the shear- and tensile stresses were calcu-
lated during the evaluation. In cases where sam-
ple failure occurred during the test, the materi-
al-specific tensile strength was obtained using the
area of the beams’ cross-section. In other cases,
where the specimens slipped out of the bond, its
cross-section lying on the clamp and the length of
the binding were used to calculate shear strength,
which qualifies the cyanoacrylate adhesives.

The aim of the measurement was to select an
adhesive for the microtensile bond strength tests
with which the adhesion to the test specimen can
withstand a higher shear load than the tensile
load of the specimen.

3. Results

Tensile tests were performed on the prepared
prismatic specimens in the case of wisdom teeth
and EverX. The tests were performed on 5-5 spec-
imens with each cyanoacrylate in both cases. Fig-
ure 1 shows the test results.

3.1. Examination of wisdom teeth

In addition to the quantitative results of the test,
it should be noted that in the case of LSABO, one
sample was fractured during the test, and in the
case of 3M, each sample fractured before the ad-
hesive had released.

3.2. Examination of EverX

It is also essential that the samples fixed with
3M adhesive were all fractured in the material; in
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Figure 1. The shear strength of each examined
adhesive

the case of LSABO, four samples were fractured,
while with LSAPE, no sample failure occurred, ex-
cept in the adhesive bond.

From the results obtained, it can be observed
that all the tested adhesives form a greater bond
strength with the tooth than with the EverX com-
posite, but due to the uniqueness of teeth, these
results have a higher deviation. In the case of the
3M and LSABO, the average shear bond strength
is higher than the calculated value, as the samples
fractured before the bond was released.

Due to the fracture of the samples, the tensile
load capacity of the materials could be calculat-
ed. The average value of teeth specimens was
74 + 16 MPa. in the case of EverX, it was 63 + 6 MPa.

4. Conclusions

The test results provide an excellent base for
comparing the adhesives examined in this study,
both bonding to teeth and EverX. In both cases,
it is clear that the values of the 3M adhesive far
exceed the values of the bond strength of the oth-
er adhesives; furthermore, from the adhesives
tested, this is the most suitable cyanoacrylate for
performing microtensile bond strength tests for
Class I dental restorations.

The results show that while every research
group uses cyanoacrylate-based adhesives, the
adhesive must be chosen carefully, even with the
appropriate preparations.
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