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Abstract

According to modern concepts, the marginal permeability of restorations, the presence or absence of
micro leaks, are the main factors determining the service life of the restoration. The restoration of teeth
is subjected to several different types of stress - one of which is temperature fluctuations in the oral
cavity. It is known that when eating food, brushing teeth, etc. the temperature in the oral cavity changes
and affects the physical and mechanical properties of the hard tissues of the teeth, as well as of the
restorative material, and in some cases leads to deformation of the zone of connection of the restorative
material with the tooth surface up to its destruction. The thermal cycling procedure makes it possible to
simulate the influence of this factor on the conditions of functioning of the reducing material; this is
achieved by exposing the sample to a limited number of thermal cycles, which means of an artificial
"aging" of the sample in laboratory conditions.
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Introduction

An important success factor for the treatment
of pathology of hard dental tissues using the
method of aesthetic restoration is the optimal
choice of filling materials. [1-3, 4] The urgent
task of modern, restorative, therapeutic
dentistry is to make an informed decision, in
each specific clinical case, from aesthetic,
medical, economic, as well as biomechanical
and ergonomic points of view [5-7, 8].

According to many authors, the key to
successful restorative treatment of hard
tissue defects of any genesis 1s under-
standing the etiological causes and conditions
of their occurrence, as well as assessing the
size of the defect and the level of material
and technical base of modern dentistry [9-
16]. The quality of adhesion of the restoration
material to the tooth tissues is one of the
factors that determine the durability and
clinical efficiency of dental restoration.
Today, progress in adhesive dentistry has led
to an improvement in the marginal fit, and,
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consequently, the clinical efficiency of dental
restorations [17-23]. For the treatment of
various dental defects in an area with
increased stress, the choice of restoration
technique remains a controversial issue,
since the failure of restorations in this area is
observed quite often [24-28]. Long-term
results of aesthetic restoration of teeth by the
direct method, various composite materials
indicated a large number of complications,
such as 1inconsistency in the color and
transparency of the filling, violation of the
marginal adherence, the appearance of
marginal staining along the border of the
composite material with the tooth tissues,
both during and at different times.

After treatment [29-34].It is known that in
order to create a biocompatible tooth
restoration, it is important to create an
airtight connection with the tooth tissues.
The aim of restorative dentistry is to replace
the lost structure of the tooth with a material
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that 1s similar in structure and physical
properties to natural tooth tissues. This goal
is achieved by CAD / CAM technology. In
recent years, there has been an increased
interest in hybrid materials in dentistry. [35-
41] Hybrid ceramics, due to their chemical
stability, have good mechanical and optical
properties as well as excellent
biocompatibility. Hybrid ceramics combine
the positive properties of traditional ceramics
and CAD / CAM resin. This allows it to be
used in places with increased stress [42-47].
The aim of the study was to study the
marginal permeability of the joint "tooth-
indirect" restoration and "tooth-straight"
restoration, which was carried out by the
method of thermal cycling with subsequent
staining.

Materials and Methods

This work was done at Sechenov University
with supported by the "Russian Academic
Excellence Project 5-100". For the study, 30
extracted teeth with defects in the cervical
region were prepared. These samples were
chosen because the area of the region is
subject to increased stress in different
directions. The samples were divided into two
groups depending on the restoration method:
Group 1 (15 teeth) - defects restored by
indirect restoration with hybrid ceramics.
Group 2 (15 teeth) - defects restored with
filling material.

Some of the samples from each group were
subjected to thermal cycling in order to
achieve an imitation of artificial "aging" of
the sample. The purpose of this method is to
increase the relevance between in vitro
laboratory testing of a sample and in vivo use
of the restorative material in a patient's oral
cavity. When carrying out a direct
restoration, the cavity formed in the area of
increased stress was prepared taking into
account the principles and rules of
preparation. The adhesive preparation was
performed using the total etch and wet
adhesion technique. The defect was restored
with the selected shades of the composite
material layer by layer. In the case of an
indirect restoration, the preparation and

Table 1: Staining along the "restoration-tooth" border.

processing of the cavities was carried out as
described above. Then the cavities were
scanned using the Blue Cam intraoral
scanner. The next step was milling the
inlays, after which the finished inlay was
fixed on a laboratory specimen. After
restoration, all samples were immersed in a
thermostat in distilled water + 37 + 1 ° C for
24 hours, which simulated the environment
of the oral cavity. For thermal cycling, the
samples were placed in a thermostat with
water + 5+ 0.5 ° C for 30 seconds.

Afterward they were removed and kept at
room temperature for 20 seconds. Then the
samples were immersed in a thermostat with
water + 60 £ 0.5 ° C for 30 seconds, after
which they were removed and kept at room
temperature for 20 seconds. The performed
complex of manipulations was taken as one
cycle.

In total, 1500 cycles were performed within 2
weeks in accordance with GOST R51202-98,
P.6.3 (the load corresponds to the one-year
life of the restoration of this localization). To
reveal the edge permeability, all samples
were stained before and after thermal
cycling. Coloring was achieved by immersion
in 2% methylene blue solution for two hours
at 37 ° C. The teeth were then sawn off in the
sagittal plane and examined at 20x
magnification.

Results and Discussions

The results of the study were evaluated on a
scale:

0 points - No staining;

1 Point - Staining only along the edge of the
restoration;

2 Points - The penetration of the dye to the
entire side wall;

3 Points - Staining the bottom of the cavity
under the restoration.

Based on the staining results, a comparative
analysis of the penetration depth of the dye
into the space between the restorations and
the tooth wall was carried out, the results of
which are presented in the table.

Samples group 1 group II
indirect restoration direct restoration
No thermal Cycling 0 points 0% 0%
1 point 0% 0%
2 points 0% 0%
3 points 0% 0%
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After thermal Cycling 0 points 0% 1%
1 point 0% 23%
2 points 0% 35%
3 points 0% 41%

According to the results of the study, the
following results were obtained: in the
samples of both groups that were not
subjected to thermal cycling, staining along
the '"restoration-tooth" border was not
detected. After thermal cycling, staining
along the border of the restoration was
detected in the "direct restoration" group, in
99% of the samples with different staining
depths. In the group of indirect restorations,
staining of the samples was not recorded.

Conclusions

Thus, the results of the study confirmed that
in the process of functional loads on the
tooth, the loss of the filling can be predicted
with direct dental restorations, since in this
group, staining was more often recorded
along the "restoration-tooth" border. This
indicates a violation of the marginal
adherence of the filling to the tooth. In the
group of indirect restoration, the violation of
the marginal fit was not detected in both
cases (without thermal cycling and with its
use), which allows predicting the long-term
functioning of the restoration without losing
its quality.
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