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Abstract

With the use of light-curing Bis-GMA (Bis-phenol-A glycidylmethacrylate) adhesive and nanocrystalline carbonate-
substituted calcium hydroxyapatite (nano-cHAp), corresponding by an aggregate set of characteristics to the apatite of
human enamel and dentin obtained from the biogenic source of calcium - egg’s shell of birds biomimetic Bis-GMA/nano-
cHAp adhesives were synthesized.

Introduction and distribution of nano-cHAp filler in the adhesive matrix as well as its interaction with molecular groups
of the latter one resulted in the change of chemical bonds that was evidenced by the data of Fourier transform infrared
(FTIR) spectroscopy. In summary, for the specified nanofiller concentration increased values of Vicker hardnesses (VH) and
degree of conversion were attained simultaneously while light curing of Bis-GMA/nano-cHAp adhesive.

This result would provide a considerable influence on the following application of the developed biomimetic adhesives and
clinical successes of teeth restoration with the use of these composites.
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1. Introduction

Numerous innovations with the application
of biomimetic strategies and nanotechnologies
(nanodentology) provided a considerable impetus
in the area of engineering of the new class
related with a new class of modern adhesion
restoration materials [1]. It was repeatedly shown
that the enhancement of trophic, mechanical
(hardness and strength), physicochemical and
performance properties of adhesive polymer
matrix can be attained due to the introduction
of various inorganic micro- and nanofillers
into its composition [2, 3]. One of the applied
fillers for dental materials and bonds is calcium
hydroxyapatite (HAp). High efficiency in the
use of this compound is due to the similarity
of its physicochemical characteristics with the
inorganic component of the bone and dental
tissue of a human. However, the problem of the
admissible content of nanocrystalline filler in
the polymer matrix of an adhesive still remains
a challenge.

Therefore, the main task of our work was the
determination of the proper adaptive composition
and molecular properties of biomimetic
adhesive based on Bis-GMA (bis-phenol -A
glycidylmethacrylate), filled with nanocrystalline
carbonate-substituted hydroxyapatite (nano-
cHAp), providing a high degree of polymerization
and mechanical hardness.

2. Methods of production and studying
of the samples

To obtain the samples of biomimetic
samples in our work we used bisphenol-A-
glycidyl methacrylate (Bis-GMA, Polysciences,
Warrington, PA, USA, code 03344)-based
commercial adhesive [11,25]. Nanocrystalline
carbonate-substituted calcium hydroxyapatite
(nano-cHaP) corresponding to the aggregate
number of features in the human enamel and
dentin [4-6] was applied as a filler for light-curing
Bis-GMA aadhesive. Samples of nano-cHAp were
obtained using the wet chemistry method. The
raw calcium hydroxide was obtained by thermal
annealing from the hen’s eggshells [4].

Mixing of nano-cHAp component and
adhesive was performed with the use of ultrasound
homogenizer QSonica Q55 (Qsonica LLC, CT,
USA) for 30 s.
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To solve the problems stated in the work
and connected with the determination of the
adaptive composition and molecular properties
of biomimetic nano-filled adhesives the following
samples were obtained with different content of
the raw components (see Table 1).

Table 1. Composition of the synthesized
biomimetic adhesives samples

Samples Bis-GMA, ml | nano-cHAp, g
A 250 0.2
B 250 0.16
C 250 0.12
D 250 0.08
E 250 0.04
F 250 0.01

The obtained samples were investigated with
the use of Fourier transform infrared (FTIR)
spectroscopy technique, including the application
of Synchrotron FTIR microspectroscopy at the
Infrared Microspectroscopy beamline (Australian
Synchrotron, Victoria, Australia). Microhardness
of the synthesized biomimetic adhesive samples
after their photopolymerization was determined
using Vicker’s technique and employing optical
microscope-hardness testing instrument.

3. Results and their discussion

Measuring of microhardness in the samples of
biomimetic Bis-GMA/nano-cHAp adhesives was
performed by Vicker’s technique.

Microhardness number (HV) in this case is
determined from the following expression:

2Psin(6/2)
H, =", (1)

where P - is the applied loading, d —is the size of
indentation diagonal; 6 = 136° — angle at the top
of the diamond square Vickers tip.

From the analysis of data in Table 1 one can
see that microhardness of biomimetic Bis-GMA/
nano-cHAp adhesive begins at the addition of
nanocrystalline hydroxyapatite and it attains
maximum at the content of ~0.16 g nano-cHAp in
250 ml of Bis-GMA adhesive. After that a decay
of microhardness value is observed. Non-linear
behavior of the dependence of microhardness
values on nano-cHAp content is due to the
changes that occur in molecular composition of
the samples [7-10].
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It is well known that a degree of conversion
for the adhesive material can be determined with
the use of FTIR data [11]. To do this it is required
to determine the ratio of integral intensities
for the bands related to aliphatic (C = C) bonds/
aromatic (C = C) bonds before the process of
polymerization and after its completion. The
part of aliphatic C = C bonds can be determined
from intensity of vibrations near 1637 cm!,
while the part of aromatic (C = C) bonds can be
determined from intensity of vibrations near 1610
cm™!. Calculations were performed for 10 samples
of standard Bis-GMA adhesive and each of
the 10 biomimetic adhesive specimens in the
samplings. After that mean values for the degree
of conversion for each group of the specimens
were determined and standard deviation was
calculated which did not exceed 2%.

Results of the calculation show that in case
of the use of original adhesive based on BisGMA
the share of non-polymerized bonds is of about
22.0%1.4%, thus coinciding with the calculations
presented for the adhesive on the basis of Bis-
GMA/HEMA from [11]. At the same while adding
nano-c-HAp the value of the degree of conversion
(polymerization) starts increasing, attains its
maximum at ~93%, while after that a decrease

100 . r
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of polymerization degree (degree of conversion)
is observed.

Spline-curves of microhardness and degree of
polymerization for the samples in a dependence
on nano-c-HAp in the composition of biomimetic
adhesive are presented together in figure 1. It
can be easily seen that both values representing
as mechanical as molecular properties of the
synthesized biomimetic adhesives are of the
similar character in a dependence on the filler
content. Simultaneous graphical analysis makes
it possible to determine the range of the optimal
compositions for bioadhesive providing maximal
value of as microhardness as the value of the
degree of conversion during polymerization.
From the calculations it follows (see Fig. 1) that
the content of nanocrystalline hydroxyapatite
with characteristic morphological characteristics
(20x20x50 nm) should be within the vicinity of
the value ~0.125-0.135 g per 250 ml of Bis-GMA
(Fig. 1).

Before our work has been performed it was
shown that involvement of nanoparticles resulted
in improvement of a number of mechanical
properties for dental composites. Addition of
the fillers (silicon nanoparticles) to the adhesion
systems has an impact on the improvement
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Fig. 1. Comparison of the microhardness value Hu (HV) and Degree of conversion for biomimetic adhesives in

a dependence of nanofiller admixture
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of mechanical properties and elastic modulus,
improved the distribution of stresses caused
by polymerization [12]. Results of modification
for the adhesive systems on the basis of Bis-
GMA, TEGDMA and HEMA with the use of HAp
nanocrystallites from the work by Vicente Castelo
Branco Leitune el al [9] correlate well with the
dependence of mechanical properties of adhesive
under increase of nanofiller addition observed
in our research work. It was demonstrated that
using HAp nanoparticles with the mean size of ~
27 nm the enhanced values of microhardness can
be attained somehow in the range of ~ 32,35 MPa.
After that with an increase of HAp nanoparticles
content in adhesive characteristic decay of
mechanical properties was obtained. However,
in our work we managed to get even greater
values of microhardness (HV) with the account
of increasing value of the conversion degree that
considerably exceeds the value of 63.84%. The
latter one was attained in the work by Vicente
Castelo Branco Leitune el al for the addition of
1% HAp by mass [9].

As it follows from the obtained results (see
Fig. 1) while modifying Bis-GMA with the use of
nano-cHAp it is possible to attain the value of
Vicker hardness exceeding dentin hardness but
less than for dental enamel [13,14]. This would
probably redistribute natural loads between the
anatomic tissues in the efficient manner.

It was repeatedly noted that an important
factor of the process is the size of nanofiller
particles. The particles of large size can lead to
agglomeration of the particles and degradation of
mechanical properties of the interface [15]where
nanoparticles (minimum size ~3 nm. However, the
type of nanofiller has also a great impact on the
final properties of the modified material. Unlike of
the number of the previous similar investigations
where HAp nanoparticles and other inorganic
nanomaterials were applied for the filling of
adhesion system, in our work used nanocrystals
of carbonate-substituted hydroxyapatite with the
mean sizes of 20x20x50 nm obtained according to
our elaborated technology [4]. These nanocrystals
are characteristic for the native dental tissue.
Uniform distribution of nano-cHAp filler in the
adhesive matrix as well the interaction with
the filler molecular groups favors the changes
in molecular bonds that is confirmed by FTIR
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data; as a result, this considerably improved
mechanical characteristics of the material.

4. Conclusions

With the use of light-curing Bis-GMA (Bis-
phenol-A glycidylmethacrylate) adhesive and
nanocrystalline carbonate-substituted calcium
hydroxyapatite (nano-cHAp), corresponding by
an aggregate set of characteristics to the apatite
of human enamel and dentin obtained from the
biogenic source of calcium - egg’s shell of birds
biomimetic Bis-GMA/nano-cHAp adhesives were
synthesized.

Introduction and distribution of nano-
cHADp filler in the adhesive matrix as well as its
interaction with molecular groups of the latter
one resulted in the change of chemical bonds that
was evidenced by the data of Fourier transform
infrared (FTIR) spectroscopy. In summary, for
the specified nanofiller concentration increased
values of Vicker hardnesses (VH) and degree of
conversion were attained simultaneously while
light curing of Bis-GMA/nano-cHAp adhesive.

This result would provide a considerable
influence on the following application of the
developed biomimetic adhesives and clinical
successes of teeth restoration with the use of
these composites.
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