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Abstract: Relevance. In modern dentistry, the long-term functioning of
artificial crowns on implants under the influence of systematic functional loads is
relevant. Purpose: biomechanical study in a mathematical experiment of the stress-
strain state (SSS) of the implant, artificial crown and fixing cement under functional
load in the vertical and oblique direction. Material and methods. A mathematical
analysis of the strength of the connection between an artificial crown and a dental
implant under the influence of vertical and inclined functional loads (150 N) was
carried out using the finite element method (FEM). Results. The parameters of the
stress-strain state (SSS) in a metal-ceramic crown, fixing cement, and titanium dental
implant were obtained . With a vertical load, a sufficient margin of safety in the
construction materials is shown; with an inclined load, the safety margin of glass
ionomer cement is exhausted and the maximum safety margin is noted in the cervical
zone of the implant and abutment screw . Conclusion. The choice of cement fixation
of an artificial crown to an implant is justified when installing an intraosseous
implant in a position as close as possible to the vertical axis of the artificial crown.
Otherwise, it is advisable to use screw fixation of the crown and the use of implants
with a reinforced screw when connecting the abutment and implant.
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Introduction. In practical dentistry, the cement method of fixing an artificial
crown to the supporting abutment of an intraosseous dental implant is widely used.
At the same time, there are frequent cases of decementing of crowns on implants,
which leads to micromobility of the prosthetic structure and loosening of the implant.
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Insufficiently reliable fixation of the prosthesis to the implant abutment can lead to
progressive resorption of peri-implant bone tissue [18].

At the same time, at the present stage of research in the field of materials science
and design, there are highly informative methods for studying strength parameters,
in particular, mathematical modeling of the stress-strain state of structures using the
finite element method (FEM) is widely used [9,10].

The purpose of the presented study is a mathematical analysis of the strength of
the cement connection of an artificial crown to a dental implant

when exposed to vertical and inclined functional loads.

Material and methods. Using the ANSYS software package, mathematical
modeling of the stress-strain state (SSS) in the materials of a metal-ceramic crown,
fixing cement, and titanium dental implant was carried out using the finite element
method (FEM). The calculations were performed in a physically and geometrically
nonlinear formulation. The three-dimensional mathematical model of an
intraosseous implant with cement fixation of a metal-ceramic crown corresponded to
the natural sample in design and physical and mechanical parameters of the
materials. A load of 150 N was applied to the occlusal surface of the crown in two
versions (in the vertical direction and at an angle of 45°). The distribution of stresses
in all elements of the prosthetic structure and implant was analyzed by magnitude
(MPa), safety factor ( Zp ), displacement (um), equivalent plastic deformation

Characteristics of materials mathematical mo 320MPa; for cobalchrome alloy
220 GPa; 0.30; divisions containing those necessary for the mathematical 320MPa;
for glass ionomer cement 20.9 GPa; modeling physical and mechanical parameters,
from 0.35; 120MPa; for titanium 113.8 GPa; 0.32; 880 MPa corresponded to the data
from literature sources: mo (Table 1). elasticity, Poisson's ratio, yield strength of
ceramics are respectively 70 GPa; 0.19;

Table 1.
Characteristics of materials of the mathematical model
Material Elastic modulus Coeff Hardening Yield
E, GPa Poisson modulus MPa strength MPa

Ceramics 70 0.19 3182 320

Cobalt chrome alloy 220 0.30 500 320

Glass ionomer cement | 20.9 0.35 10 120
Titanium 113.8 0.32 490 880
Composite 9.25 0.33 300 36
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Rice. 1. Model of an intraosseous implant with
¢ cement fixation of a metal-ceramic crown: 1 implant , 2
screw, 3 abutment , 4 cement, 5 metal frame of the crown,
6 ceramic veneer.

Statistical processing of the study results was
carried out using a standard set of Microsoft office
application tools Office Excel 2016. The arithmetic mean
(M) and standard error of the mean (m) were calculated.
The statistical significance of the obtained results (p) was
calculated using the Student's t test (t) and its
interpretation based on the standard table of critical
values of the Student coefficient. The significance level (a) corresponded to
probability a

error equal to 5% (a = 0.05), results were considered statistically significant at
p <0.05.

Results. The maximum stresses under vertical load of a metal-ceramic crown
with cement fixation were:

abutment 71.0 MPa,

screw 1.0MPa,

implant 53.0 MPa,

ceramics 90.0 MPa,

crown frame 87.0 MPa,

cement 119.0 MPa (Table 2).

W
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Table 2.
Parameters of the stress-strain state of a metal-ceramic crown and
supporting implant with cement fixation.

Equivalent voltages. _ Displacement
Scope_ of MPa Margin of safety um

Analysis v " v . v -
abutment 71 853 12.4 1.03 2 113
abutment screw | 1 875 >10 1.01 0 63
implant 53 882 16.5 1.00 0 4
ceramics 90 60 3.64 5.34 4 154
crown frame 87 181 3.68 1.77 1 125
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0.99 0.67
cement 119 179 ~3% ~7% 2 114
Note: v vertical load, n inclined load.

The corresponding safety factor values ranged from 0.99 times for cement to
16.5 times for titanium implants.

A minimum safety margin (0.99) with the occurrence of irreversible plastic
deformations and partial destruction is characteristic of the cement layer at the edge
of the artificial crown.

Movements of structural materials under load did not exceed 4 um; they were
more typical for ceramic veneering, cement and abutment .

The magnitude of the maximum stresses under a displaced load of a cemented
crown on an implant is:

abutment 853.0 MPa,

screw 875.0 MPa,

implant 882.0 MPa,

ceramics 60.0 MPa,

crown frame 181.0 MPa,

cement 179.0 MPa.

When the crown is cemented and the load is inclined, the safety margin is
exhausted

[135.222 STEP=1 SUB =10 TIME=15 SEQV (AVG)

glass ionomer cement (0.67), which leads to its cracking and spalling.

Maximum safety margins are noted in the following zones: in the cervical zone
of the abutment screw , implant ( Zp , respectively, 1,011.00). The greatest margin
of safety is noted for ceramic cladding (5.34 times).

With an inclined load, the displacement of construction materials increases
significantly (from 48 pum in implants to 113 pm in an abutment and up to 154 pum
in a crown).

Thus, with a vertical functional load, three-dimensional mathematical modeling
of the stress-strain state in the prosthetic structure and implant with cement fixation
of crowns showed a sufficient margin of safety in the abutment , its screw, implant,
ceramics and metal-ceramic frame of the crown and cement (Fig. 24). A significant
increase in stresses and displacements in all areas of the crown on the implant was
recorded when a load was applied at an angle of 45° to the occlusal surface.
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Rice. 2. Distribution of equivalent stresses in the metal-ceramic crown and
supporting implant (150N): a) vertical load, b) inclined load.
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Rice. 3. Displacements in the metal-ceramic crown and supporting implant
(150N): a) vertical load, b) oblique load.
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Rice. 4. Plastic deformations under
inclined load with cement fixation (150N).

Conclusion. The study showed the
possibility of using cement fixation of an
artificial crown on a dental implant from
the standpoint of the strength of all
structural elements, including fixing
cement. However, all elements of the
prosthetic structure and implant when
cementing the artificial crown to the
implant have sufficient strength only under
vertical functional load. Deviation of the
load from the wvertical causes plastic
deformations in the fixation cement, as well as in the cervical area of the implant and
abutment screw .

Thus, there is a basis for choosing cement or screw fixation of the crown on the
implant to ensure long-term fixation, namely, the choice of cement fixation of the
artificial crown to the implant is justified when installing an intraosseous implant in
a position as close as possible to the vertical axis of the artificial crown.

Otherwise, it is advisable to use screw fixation of the crown and the use of
implants with a reinforced screw when connecting the abutment and implant.
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