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ABSTRACT

Dentistry is a part of medicine, where various polymer materials were used for the first time. Many factors
forced researchers to find more stable, versatile, and hygienic materials for the manufacture of dental products.
It is important to note that the search for the ideal polymer dental material is still ongoing. This is because modern
polymers, in some cases, do not meet the specified requirements for chemical, physical, strength, and elastic
properties. Based on the data on the method of creating and using silicone material for the base of the removable
prosthesis "Gossil", an improved silicone material for two-layer dentures "Silep" was developed, as well as a
special primer for better connection of the lining with the rigid acrylic base of the prosthesis. To evaluate the most
suitable compound, materials were tested for several parameters, such as tensile strength, elongation, and shore
hardness. In addition to selecting a suitable material for modification, the selection and testing of an adhesive that
allows the chemical bonding of the acrylate surface to the siloxane surface were carried out.

Keywords: GosSil, SIilEP, polymeric material, prosthetic dentistry.

1. INTRODUCTION The chemical structure of acrylates

consists of molecules of polymer compounds

Dentistry is a part of medicine, where
various polymer materials were used for the first
time. One of these materials was rubber, as the
most convenient in terms of molding and elastic
properties. However, this natural material had
significant disadvantages in the form of porosity
and chemical instability (Evstratenko et al., 2018;
Mazzeo et al., 2013). These and many other
factors forced researchers to find more stable,
versatile, and hygienic materials for the
manufacture of dental products. It is important to
note that the search for the ideal polymer dental
material is still ongoing.

This is because modern polymers, in some
cases, do not meet the specified requirements for
chemical, physical, strength, and elastic
properties. The first artificial polymer materials
appeared in the XIX century.

constructed from repeated links and connected by
covalent bonds that form macromolecules
(Voloshina et al., 2018; Silva et al., 2019). The
chemical formula of acrylate can be represented
by the example of methylacrylate (Figure 1) and
methyl methacrylate (Figure 2).

H O
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CH:=C—C—0—CHs

Figure 1. The chemical formula of methyl
acrylate
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Figure 2. The chemical formula of methyl
methacrylate

Currently, polymers are used for dental,
orthopedic structures that are macromolecules
with a molecular weight of several thousand to
several million, consisting of two or more different
components (Duki¢ et al., 2013; Vehkalahti et al.,
1996).

The synthesis of polymers takes place
using a polymerization or polycondensation
reaction. The essence of this reaction is that
molecules of low-molecular substances that are
monomers by nature join the active centers of
polymers that are high-molecular substances
(Girardin et al., 2019; Timoshin et al., 2018, 2019).
In the course of this reaction, the above-mentioned
macromolecular links are formed, which differ in
composition from the original monomers and are
formed by their sequential "cross-linking" with the
release of low-molecular-weight by-products
(Sevbitov et al., 2018). An example of a
polymerization reaction is a reaction from
monomers that do not include an aromatic ring.
For example, obtaining acrylic or methacrylic acids
by polymerization (Figures 3a and 3b).
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| |
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Acrylic acid Poly(acrylic acid)
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Methacrylic acid Poly(methacrylic acid)

B)

Figure. 3. Polymerization of acrylic acid (A) and
methacrylic acid (B)

Knowledge of the physical and chemical
nature of polymer synthesis allows us to identify
the positive and negative properties of materials-

acrylates used to create acrylic dental plastics.

The positive properties include the existing
high modulus of elasticity, which allows some
dental polymer materials to have the ability to
reverse deformations at a relatively low load, as
well as a favorable factor for dental production and
operation is the low brittleness of crystalline
polymers, which allows dental plastic to withstand
chewing load and physical and mechanical impact
during processing and fitting (Kolodkina et al.,
2018; Gozha et al., 2010).

Positive features of polymer solutions and
their chemical nature provide high manipulative
qualities in plastic molding and the ability to
dramatically change their physical and mechanical
properties when using catalysts and initiators
(Zholudev et al., 2004, 2005) of the polymerization
reaction, which speeds up and simplifies the
process of manufacturing orthopedic structures.

Despite the high level of physical and
chemical indicators that characterize the
resistance of polymers to various destructive
factors, for use in dentistry, in particular in dental
and maxillofacial prosthetics using partially
removable or full removable plate acrylic
prostheses, the structure of polymers needs to be
embedded in various components (Kasatkina,
2010; Kalyvradzhiyan et al., 2010). This is due to
the fact the operation of the polymer prosthesis
occurs under constant physical and mechanical
stress in an aggressive, constantly changing
chemical environment. The combination of these
factors actively affects the structure and properties
of polymers, causing the so-called "aging" of the
prosthesis, in which there is a loss of the complex
of useful properties of the product material (Lepilin
et al., 2003).

Additional components embedded in the
chemical composition of the polymer that
improves its natural properties and slows down the
process of operational wear include fillers,
plasticizers, stabilizers, dyes, cross-agents, etc.
(Nartikova et al., 1977; Paschina et al., 1968). The
arrangement of additional substances with
polymers allows us today to produce bioinert and

technological dentures that meet high
performance, quality, medical and technical
characteristics, aesthetic and functional

requirements.

However, despite the fact that modern
manufacturing methods allow you to achieve high-
quality polymer prosthesis, they are not ideal, and
the positive properties have a number of
disadvantages. Primary negative qualities of
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dental polymers occur already during the
polymerization reaction and are characterized by
a part of the original monomer that is not
embedded in the polymer molecules, which
determines the degree of biocompatibility of the
material and affects the allergization factors when
using a polymer prosthesis (Kuznetsova et al.,
2018; Platonova et al., 2018). Another physical
and chemical disadvantage of polymers is their
water absorption. it can be assumed that this
process is associated with the uncompensated
polarity of the dipole links of the polymer, which
characterizes their  hydrophilic  properties
(Sevbitov et al., 1999; 2004).

From a physical point of view, this property
of affinity for water molecules is more obvious
because the free hypothetical space in the
polymer structure is saturated with water during a
prolonged stay in a humid environment (Mamedov
et al., 2019; Yumashev et al., 2019). This effect of
water absorption adversely affects the geometry of
the polymer prosthesis base, as well as its optical
and mechanical parameters. To the changes in
optical properties, we can also add that in addition
to saturation with water, the porous micro-surface
of the polymer is able to accumulate molecules of
various substances, including those that are dyed
by their chemical nature, which leads to a
deterioration in the aesthetic properties of the
polymer orthopedic product. In addition to physical
and chemical changes within the polymer
structure, polymer prostheses themselves are a
factor of influence, in particular on the surrounding
tissue natural formations of the prosthetic bed,
which is subjected to mechanical pressure due to
a much higher modulus of polymer hardness than
that of the oral mucosa.

Long-term use of a removable prosthesis
leads to a number of changes in trophic
processes, physiology, and microcirculation of the
soft tissues of the mucous membrane, as well as
the underlying bone tissue of the jaw (Saxena et
al., 2019; Rech-Ortega et al., 2019).

The rigidity of the polymeric denture base
has a significant impact on the usability of this
orthopedic designs, so, if you have to thin of the
mucous membrane in the oral cavity, natural and
abnormal bony prominences in the area of
prosthetic bed dental patients do not have the
ability to comfortable use of the prosthesis, are
faced with painful sensations and also the difficult
phase of adaptation to the prosthesis.

These disadvantages of removable
polymer prostheses, in particular those made of
acrylates, were a prerequisite for the use of other

polymer compounds that can be used in medicine.
The leading factor in the medical scientific and
technical search for a suitable material is obtaining
the safest, technologically accessible, acceptable
material in the manufacture and operation, from
which it is possible to create an anatomical
orthopedic structure that meets the physiological
requirements as much as possible.

It is important to understand that synthetic
polymer compounds that do not contain carbon
atoms in the main chain are inherently inorganic
and foreign to the body (Utyuzh et al., 2019;
Mironov et al., 2020). In this regard, when creating
dental products made of polymers, it is necessary
to observe all the maximum possible technological
conditions and physiological restrictions that allow
full and effective use of plastic prostheses in the
treatment of dental patients without harming them.

Acrylic polymer prostheses containing in
their chemical composition acrylic resin, which is a
derivative of the product of polymerization of
acrylic and methacrylic acids (Enina et al., 2019;
Turgaeva et al., 2020), have various restrictions on
use. First of all, they are due to the extreme rigidity
of this material, which exerts mechanical pressure
on the soft tissues of the oral cavity, also included
in the composition of acrylate acids, esters and
their derivatives with the content of a low-
molecular compound (monomer) that is not
embedded in the structure can cause an allergic
reaction or be intolerant for the patient. An
alternative to this group of polymers can serve as
other synthetic materials-elastomers, such as
silicones, copolymers of polychlorinated vinyl and
butylacrylate, nylons, polyoxymethylenes,
polypropylene, ethylene-vinyl acetate (Sevbitov et
al., 2005; Ergesheva et al., 2018).

These materials are mostly elastic plastics,
and this is not provided by the acrylic base of their

chemical composition. During prosthetics,
orthopedic prostheses made entirely of
elastomers, thermoplastic masses, or acrylic

prostheses created in combination with elastic-
plastic, for example, an acrylic prosthesis with a
rubber or polymethylmethacrylate, plasticized with
salicylic acid, are the most common (Sevbitov et
al., 2018; 2019).

However, early developments on creating
two-layer acrylic removable prostheses with lining
materials were not widely used in practice. For
example, rubber linings in the base of the
prosthesis due to the porosity of their structure had
a high level of water absorption, quickly polluted,
and had Ilow adhesion to acrylates.
Polymethylmethacrylates, which are close to them
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in chemical nature, had a stronger bond with
acrylates, but the content of a low-molecular
plasticizer in their composition was actively
subjected to washing out, which caused the
porosity of the lining, which made the latter hard
(Sevbitov et al., 2018; 2019; 2020).

Various other materials, such as PVC,
silicone, and others, were used to create linings,
but most of these elastomers did not meet the
necessary requirements for strength and adhesion
to the acrylic base of the prosthesis (Sevbitov et
al., 2019; 2020).

The decrease in adhesion, as the most
common lack of linings, is due to the fact that the
surfaces of the two materials are uneven at the
atomic level, and if they come into contact with
each other during loading, the contacts will appear
only in the places of the largest protrusion, which
will lead to frictional wear of the material. Thus,
only the densest intermolecular contact of
materials of different phases can cause optimal
adhesion.

As an alternative to the two-layer bases of
removable polymer prostheses, prostheses made
of thermoplastic masses can be used. The
creation of this material involves the use of
biologically neutral thermoplastics with a
crystalline linear or branched structure. the
characteristic difference from inorganic polymers
is that this group of materials does not have a
three-dimensional cross-linked structure and
contains tertiary carbon atoms (Sevbitov et al.,
2018; 2019, 2020).

Another important difference is the ability
of the thermoplastic to reversibly transition to a
highly elastic or viscous state when the
temperature increases, which favorably affects the
plasticity and shape change of the material in
accordance with the anatomy of the prosthetic bed
when using thermoplastic removable prostheses.

The competitive advantage of this material
over acrylates is the absence of a monomer, which
eliminates the toxic effect on the body and allows
the use of thermoplastic prostheses in patients
with hyper sensibilization or allergic reactions.
This group of materials includes nylon,
polypropylene, polyurethane, and others. thus,
removable prostheses made of nylon have high
flexibility, allow you to optimize the load on the soft
tissues of the prosthetic bed, and are more durable
in comparison with acrylic polymer prostheses
(Sevbitov et al., 2018; 2019, 2020).

However, this group of materials for the
manufacture of dental, orthopedic products has its

own disadvantages, for example, the rapid
occurrence of micro-scratches, where a plaque is
formed when coloring products are ingested,
which reduces the aesthetic appearance of the
prosthesis. A more important adverse factor, in
this case, is the higher contamination of the micro-
rough surface of the prosthesis by
microorganisms, which potentially reduces the
level of oral hygiene, complicates hygienic
measures for cleaning the prosthesis, and creates
prerequisites for the development of infectious
agents.

Another negative technological property of
thermoplastics is the lack of chemical compatibility
with acrylic polymer materials. This is reflected in
the increased probability of breaking off artificial
teeth of the prosthesis, made mainly from acrylic
plastics. But, despite these disadvantages, the
creation of prostheses made of thermoplastic
materials is an actual and promising direction in
the development of dental, orthopedic removable
prosthetics, which is confirmed by the works of a
number of authors of modern research in this area,
and indicates that the positive qualities of polymer
materials made of thermoplastic offset the
negative ones (Sevbitov et al., 2018; 2019, 2020).

In addition to polymer materials for the
manufacture of solid bases of orthopedic
removable prostheses that do not carry acrylate
molecular substances in their structure, the
development of the direction of combining acrylate
or other materials with materials for linings is also
continuing. So, in the last decade, prostheses with
pads made of various modern materials have been
introduced into clinical practice. Polymer elastic
plastics and silicones are used as such linings.

One of the promising developments is the
use of silicone material for elastic linings "GosSil".
This material is based on monolithic silicon, which
in its chemical structure, is an oxygen-containing
high-molecular-weight organosilicon compound.
The synthesis of this compound is carried out by
standard methods of polymer chemistry, including
the polymerization reaction. The issue of adhesion
to acrylates in this material is resolved by adding
a special adhesive that can be chemically bonded
to both components in a two-phase connection.

According to the results of the author's
research, this material is acceptable and effective
in use in combination with the polymer acrylic base
of a removable orthopedic prosthesis, since
silicone polymers are chemically stable
substances and do not undergo destruction in their
molecular structure when exposed to a humid
environment. The presence of a soft silicone pad
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in the prosthesis provides a more reliable fixation
of the prosthesis in the oral cavity, precisely
corresponds to the anatomical structures, and
significantly reduces the pain sensitivity of areas
with developed bone formations.

All these indicators may indicate an
improvement in the quality of life of patients using
this two-phase combination of dental, orthopedic
polymer materials.

2. MATERIALS AND METHODS

Based on the above advantages of the
silicone lining technology in a removable acrylate
orthopedic prosthesis, we give an example of
manufacturing and using a soft silicone rubber
lining combined with an acrylate prosthesis.

Based on the data on the method of
creating and using silicone material for the base of
the removable prosthesis "GosSil", an improved
silicone material for two-layer dentures "SilEP"
was developed, as well as a special primer for
better connection of the lining with the rigid acrylic
base of the prosthesis.

The essence of this material for creating a
lining is that it is created from high-elasticity
silicone rubber and is chemically inert. The
chemical composition of this polymer is
characterized by the fact that it is obtained from
organic substances containing silicon, by its
nature it is a high-molecular substance: silicone
rubber combines the structure of carbon and
silicon high-molecular compounds. The chemical
formula of this compound is presented below:

Figure 4. Structure of carbon and silicon

where R - is hydrocarbon radicals, for example -
CHs, - CzHs. The synthesis of this substance
occurs through a polycondensation reaction, and
this reaction is shown in Figure 5.

Thus, from a chemical point of view, this
polymer is a compound of a linear structure that
can combine the property of elasticity with heat
resistance, which has found application in clinical
practice when creating a lining for a removable
denture. From the point of view of the practical

application of this material in an environment with
constant mechanical and physical stress, as well
as under the action of various chemically
aggressive substances, silicone rubber, which is
the main component of the material for the elastic
lining of "SIIEP", provides acceptable results for
long-term use in combination with an acrylate
denture.

The physical and chemical characteristics
of silicone rubber allow us to predict its qualitative
state during operation. The most significant
characteristics of the material, when used in
dentistry, are presented in Table 1.

For the visual application of these values
for practical use, you can compare the
characteristics of silicone rubber with the
characteristics of rubber, which was also used for
linings for the basis of a removable prosthesis. The
most significant characteristics of the rubber
material, when used in dentistry, are presented in
Table 2.

Based on these characteristics, we can
conclude that the rubber is superior in some
respects to those found in silicone rubber, but the
most critical indicators for operation in the oral
cavity, indicated earlier in the list of disadvantages
of pads for the basis of the prosthesis, such as
water resistance and tear resistance, are higher in
silicones. Thus, silicone rubber, used as a lining
for the basis of an orthopedic prosthetic product,
is a more suitable polymer material from a
practical point of view.

In addition to selecting a suitable polymer
material, the necessary criterion for the quality of
its use is the selection of the optimal adhesive
technology and filler, which allow for reliable
"bonding" in the two-phase connection of the
surface of the acrylate with the surface of siloxane
(silicone). To solve this problem, the filler was
chemically modified in the “GosSil” material by
treating the surface of the Aerosil with substances
that can chemically interact with reactive groups
on the surface of the filler. When developing a
modification to improve the strength
characteristics of a two-phase connection, the
creators of the “SilEP” material selected several
different compounds:

1. Amyltrichlorosilane
CH3(CH)4Si(OC2Hs) (APEC)

2. Chloropropyltrimethoxysilane
CI(CH2)3Si(OCH3)3 (HPTMS)
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3. Vinyltriethoxysilane
CH2=CHSIi(OC2Hs)3 (VTES)

4. Dimethyldimethoxysilane
(CH3)2Si(OCHj3), (DMLS)

To evaluate the most suitable compound,
materials were tested for several parameters,
such as tensile strength, elongation, and shore
hardness. The test results obtained are shown in
table 3. In addition to selecting a suitable material
for modification, the selection and testing of an
adhesive that allows the chemical bonding of the
acrylate surface to the siloxane surface were
carried out. The following compounds were
studied as adhesives:

1. Tetrabutoxide (TBT)

2. Tetraethoxysilane (TEOS)

3. y-aminopropyltriethoxysilane (as)

4. Vinyltriethoxysilane (VTES)

5. y-glycidoxypropyltrimethoxysilane (GTS)

the interaction of
1.6 hexamethylene

6. The product of
vinyltriethoxysilane  with
diisocyanate (VHC).

The test evaluated the bond strength of the
materials during peeling. The data obtained are
presented in the "Results and discussions" in
Table 5.

3. RESULTS AND DISCUSSION

The greatest effect in
strength  characteristics of the resulting
vulcanizates is achieved when using
vinyltriethoxysilane as a modifier. Based on the
research, the authors developed a composition
based on siloxane rubber to produce vulcanizates
with low hardness and high physical and
mechanical properties (utility model patent No.
71249 of 13.06.2007). Thus, the results obtained
indicate a high level of strength of the two-phase
connection of materials when using vinyl
triethoxysilane in the "SIlEP" material, which is
superior to the "GosSil" material in these
indicators. The comparative characteristics of
“SIIEP” and “GosSil” for these indicators are
presented in table 4 below.

improving the

Based on the data in table 4, you should
pay attention to the index of resistance to tearing,

which is significantly higher in the material "SilEP"
in comparison with the material "GosSil". As it was
established earlier, siloxanes themselves have a
fairly high level of this indicator in comparison with
rubber, and the use of a modifier allows you to
increase the level of this characteristic almost 4
times in conjunction with a material of another
physical and chemical phase, which potentially
improves the strength properties of the product
created using this technology.

Based on the table 5 data, it is noted that
the use of an adhesive (primer) can significantly
increase the adhesion of the silicone lining to the
acrylate base. In this case, the most effective
product in this combination was the interaction of
vinyltriethoxysilane  with  1,6-hexamethylene
diisocyanate. From the point of view of chemical
analysis, the obtained high strength of the
compound is provided by the presence in VHC of
active functional groups that interact with
unreacted active groups in the siloxane polymer,
the functional groups on the surface of the acrylate
react in the same way. It was found that this
combination of a primer to improve the connection
of the silicone lining "SIlEP" with acrylate allows for
a 14-fold increase in the degree of adhesion to the
base of the denture.

4. CONCLUSIONS

Thus, based on the above review, can
conclude that all methods of using polymer
compounds in orthopedic dentistry are still
relevant, and the development of modern
technologies and approaches to dental materials
allows us to successfully combine traditional
methods of using acrylate polymers with other
newer polymers for successful orthopedic
treatment.

The most relevant and promising methods
are the use of advanced silicone material for two-
layer dentures "Silep" as a lining for the acrylic
base of the prosthesis, as well as a special primer
of vinyltriethoxysilane in combination with 1,6
hexamethylene diisocyanate for better connection
of the silicone lining with a rigid acrylic base of the
prosthesis.

This composition allows to increase the
degree of adhesion to the basis of the denture by
14 times, thereby extending the service life and
increasing the comfort of using the denture.
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Table 1. Physical characteristics of silicone rubber.

Specifications Values
Density, kg/m?3 960-980
Glass transition temperature, °C 130
Thermal conductivity, W/m.K 1,32
Water resistance, % <1
Tear resistance, kgf/icm 20

Table 2. Physical characteristics of rubber.

Specifications Values
Density, kg/m?3 1200
Glass transition temperature, 0¢ 73
Thermal conductivity, W/m.K 0,368
Water resistance, % >1
Tear resistance, kgf/cm 8
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Table 3. Influence of the modifier nature on the physical and mechanical properties of vulcanizates.

Ne| Indicators Symbol modifier

APEC | HPTMS VTES DMLS | Unmodified
1| TS 2 (MPa) 4,0+0.2 |4,240.21 | 5,6+0.28 | 3,2+0.16 3,8+0.19
2 | Elongation (%) | 220+11 | 360118 | 550£27.5 | 360%18 20010
3 | Hardness ® 30+1.5 | 28+1.4 22+1.1 32+1.6 42+2.1

2 Tensile strength
b by Shore A, conventional unit

Table 4. The physical and mechanical properties of siloxane compositions.

Value of the index

(] i c
Ne Indicators Method (SS¢) SIlEP GosSil
1 CTS? (MPa) 270-75 5.6 5.1

2 Elongation at break (%) 270-75 550 436
3 Hardness® 263-75 22 32

4 Tear resistance (kN/m) 262-93 31 12

5 | Permanent elongation (%) 270-75 3 3.6

@ Conditional Tensile Strength

b by Shore A, conventional unit
¢ State Standard

Table 5. The effect of the primer on the strength of the connection of the "SIIEP" lining with the acrylic
base of the prosthesis.

Ne Primer Bond strength during exfoliation (M*m)
1 wpa 0.3+£0.05
2 TBT 1.3£0.03
3 TEOS 1.8+0.06
4 AS 1.7£0.04
5 VTES 1.3+0.05
6 VHC 4.3+0.04
@ Without a primer
R R R
I I I
HO — 8 —O/H+HO, — Si— O H+HO; — 8i— O H+ . —»
I I I T
R R R
R R R
I I I
The SOUTHERN BRAZILIAN JOURNAL OF —» HD - SI - D - SI - D - SI - D - +n HZD
CHEMISTRY (ISSN: 2674-6891; 0104-5431) is an
gpescse ol sce 1992 Jounal 20 10 I I I
I:eoer;vI;SnI:ILIIfSaus%énds_In Ihis ﬁlé in 2021.for - R R R
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Figure 5. The chemical structure of the synthesized silicone rubber.
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