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THE EFFECT OF CONVERGENCE ANGLE
OF TOOTH PREPARATION IN PATIENTS
WITH GENERAL PERIODONTITIS
ACCORDING FINITE ELEMENT
ANALYSIS

Purpose of the research. To study the character of
displacement and stress distribution after prosthetics of
the lower central incisor with the metal-ceramic crown,
depending on the convergence angle of preparation and
the degree of resorption of alveolar septa using finite
element analysis. Research methods. The computer
models have been studied using the calculated software
complex “Lira 9.6” to reproduce intact (before
preparation) and treated teeth, taking into account
subsequent imposition of a metal-ceramic crown.
Calculations have been made for different convergence
angles, from 2° to the maximum possible, for four types
of loads (constant from own weight; vertical from food
biting off; at an angle of 30° to vertical; at an angle of
459 to vertical) and for different degrees of preservation
of alveolar septa: 100 %, 75 % and 50 %. Scientific
novelty. It has been established that in the calculated
model the increase of the convergence angle of tooth
surfaces, as well as the decrease in alveolar septa height,
cause the increase in displacements in the biomechanical
system ‘“crown — tooth — alveolar bone”, the maximum
of which are localized in the neck area of the tooth on its
lingual surface. The increase in the angle of preparation
causes the increase in stresses in the same area, while
the increase in the degree of resorption of alveolar septa
results with the displacement of the maximum stress
zone from the tooth neck to the apical part of the root.
Conclusions. The obtained results indicate the need for
tooth preparation with the minimum convergence angle
of surfaces in patients with general periodontitis. It could
prevent the risks of the progression of the pathological
process in periodontal tissues due to the increase of
stresses and displacements.

Key words: finite element method, displacement and stress
distribution, tooth preparation, general periodontitis.
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BIIJIUB KYTA
KOHBEPIEHIII MTOBEPXOHb
ITPU ITPEITAPYBAHHI 3YBIB
Y XBOPUX HA TEHEPAJII3OBAHUMN
IHAPOJOHTHUT 3I'TITHO AHAJII3Y
KIHOEBHUX EJIEMEHTIB

Mema oocnioxycennsa. Busuumu xapaxmep nepemiwjens
ma po3nodin Hanpye npu NPOME3VEAHHI HUINCHBO2O
YEeHmpanbHo20 pi3ys MemanoKepamiyHol0  KOPOHKOKO
6 3aNeNCHOCMI 8I0 Kymda KOHYCHOCHMI Npenapy8aHHs
ma cmyneusi pe3opoyii anveeoispHOI nepe2opooKu i3
3ACMOCYBAHHAM Memooy KiHyesux eremenmis. Memoou
oocniocennn. Cmeopeni Komn 1omepHi MoOeni 8UBUANUCD
i3 BUKOPUCMAHHAM  PO3PAXYHKOBO2O — NPOSPAMHO20
Komnnexcy «/Iipa 9.6» 0ns 6iomeopenns inmaxmuozo (00
npenapyeants) ma npenaposanoeo 3y0d, 3 ypaxyeaHHIM
nO0ANbUIO20 HAKNAOAHHS MEMAlOKePAMIUHOI KOPOHKU.
Pospaxynxu nposodunuce 01 pisHux Kymie KoneepaeHuyii,
nouunarouu 3 2° 00 MAKCUMANLHO MONCAUBO20, OIS
YOMUPLOX BUAI6 HABAHMAICEHb (NOCMIUHO20 8I0 GIACHOT
6azu, 8epMUKAIbHO2O 6i0 SIOKYULY8AHHSA 1DICi; N0 KYMom
30° 0o eepmuxani; nio xymom 45° do eepmuxani) ma
Ol pI3HUX CMYNEHi8 30epedCeHHs MidCalb8eoNAPHUX
nepezopoook: 100 %, 75 % ma 50 %. Hayxkoea nogu3na.
Bcmanosneno, wo 36inbuienns @ po3paxyHkogii Mooeni
KYMa KOHEep2eHYii N08epxotb 3y0a, MAaKoMC SIK | 3MEeHULeHH S
BUCOMU  AILEEONAPHOT NepecOpoOKU, NPU38005iMb 00
3pOCmaHHsa  nepemiujeHb 6 OioMexauiuHili  cucmemi
«KOpOHKA — 3Y0 — KICMKOB8A anb8eondy, MAKCUMATbHI
3 AKUX JOKANI308aHi 6 NPUWMUNKositl Oilanyi 3y0a
3 A3UK0BOI NOGepxHi. 30inbUIenHs Kyma npu npenapyeanii
BUKTIUKAE 3POCMAHH Hanpye 6 Mmill dce OUIAHYL, MoOi
AK  3POCMAHHA CMYNeHs pe3opoyii Midicanb8eonsipHux
nepe2opo0OK CHPUYUHIOE 3MIWEHHSI 30HU MAKCUMATbHOL
Hanpyeu 6i0 wulKku 3y0a 00 anikaibHOI 4aCmMUHU
Kopens. Bucnoexku. Ompumani pesyromamu 6Ka3yIH0OMb
Ha HeobXiOHicmb  000epI’CAHH Npu  NpenapysaHii
MIHIMAbHO20 Kyma KOHEep2eHyii N08epXOHb 3y0a Y X8OpUX
HA  2eHepanizosanuti NapoooOHmum, w0 O003601UMb
SHUBUMU PUBUKU NPOSPECYBAHHS NAMONI02IYHO20 npoyecy
6 HABKONO3YOHUX MKAHUHAX 6HACTNIOOK 3POCMAHHS
HanpyxceHo-0epopmosanux cmaHis.

Knwuoei  cnosa:  memoo  KiHyegux — elemMeHmis,
Hanpysiceno-0eghopmosani cmawu, npenapyeanus 3yois,
2eHepanizo8anull napoOOOHMUM.
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Posing a problem. The use of the finite element
(FE) method for study of the stress and deformation
distribution in the biomechanical system "denture —
prosthetic bed" in their interaction during chewing
load allows to determine the areas of stress concen-
tration and ways to avoid them. It makes possible
to substantiate the tactics of prosthetic treatment
of defects of teeth and dentitions, in particular, the
peculiarities of the prosthetic bed preparation, choose
the most effective dentures designs and materials
for their manufacture [1, p. 242-250; 2, p. 96-108;
3, p. 3-13]. It should be noted that the study of the
stress and deformation distribution in fixed dentures
is mainly aimed at the prevention of fractures of
supporting teeth [4, p. 505-509], occlusion overload
[5, p- 395-400] and damage of the marginal periodon-
tal tissues [6, p. 6113], which are the consequences
of inadequate stress increases in irrational dental
prosthetics. It is known that in fixed prosthetics, the
chamfer design, not its size, determines the stress dis-
tribution in the tooth neck area [7, p. 1168-1175]. In
the research [8, p. 30], they show the importance of
observing the angle of 20° when creating the cham-
fer. In turn, minimally invasive endodontics and
biologically oriented preparation technique could
significantly reduce stresses on the restorations [9,
p.642-647; 10, p. 480-484; 4, p. 505-509; 6, p. 6113],
but at the same time it worsens the dentures retention.

However, information about the effect of prepara-
tion on the stress distribution in crowns and support-
ing teeth is limited and contradictory [11, p. 871-877].
Thus, it is proved that when prosthetics with all-ce-
ramic designs, the height of the preparated teeth plays
a greater role in the stress distribution than the con-
vergence angle [12, p. 436-442]. Oppositely, in the
research [11, p. 871-877] it has been indicated that
differences in the preparation design do not cause the
difference in the stress distribution in pulp, dentin or
bone.

In addition, it should also be took into account that
the individual nature of the stress and deformation
distribution is determined by a number of factors that
describe the clinical situation, among which the state
of periodontal tissues is leading (in the simulation
model it describes with the height of the preserved
alveolar septa) [13, p. 295-302; 14, p. 265-269;
15, p. 214-221], as well as secondary traumatic
occlusion [5, p. 395-400].

In connection with these data, we have recognized
as expedient to investigate the influence of the design
of tooth preparation, in particular the convergence
angle of the surfaces of the supporting tooth, on the
character of the stress and displacement distribution

depending on the condition of the periodontal tissues,
namely the volume of preservation of the alveolar
septa at different degrees of severity of general per-
iodontitis.

In our opinion, established peculiarities allow to
justify teeth preparation technique, which gives the
decrease of the stress and deformation distribution in
the biomechanical system "crown — tooth — bone". It
decreases risks of progress of pathological process in
periodontal tissues due to increased occlusion load,
thus prevention of possible complications.

So, the purpose of this research is to study the
character of displacement and stress distribution after
prosthetics of the lower central incisor with the met-
al-ceramic crown, depending on the convergence
angle of preparation and the degree of resorption of
alveolar septa using finite element analysis.

Research methods. The study of the stress and
displacement distribution has been done for a right
central incisor of a mandible, taking into account its
covering with a metal-ceramic crown. The created
computer models have been studied using the calcu-
lated software complex "Lira 9.6" using the finite ele-
ment (FE) method to reproduce intact tooth (before
preparation) and prepared one (after preparation at
different angles) with fixed metal-ceramic crown and
simulating possible functional loads.

The algorithm of the study was as follows. First
of all, we have developed a basic computer model
of a conventional right central incisor of a mandible,
which has been later used to simulate various clini-
cal situations (Fig. 1). To create the basic computer
model, in the initial FE system it has been taken the
medial sizes of the tooth crossing, the contours of
the preparation, the cement layer, the contours of the
metal cap and the contours of the crown. Depending
on the angles of preparation, the contours of the above
surfaces of the base model have been changed. With
the increase in the angle of preparation, the outer con-
tours of the crown on the tooth have not change, but
at the same time the thickness of the ceramic layer
of the crown has increased. In addition, at the level
of the crown edge, by busting possible options, the
symbol of the chamfer has been simulated, the shape
of which at the cross-section was trapezoidal.

To create the models, we have used the physi-
cal and mechanical characteristics of the tissues and
materials, which have been given in Table.

Calculations have been made for different conver-
gence angles, starting from 2° to the maximum possi-
ble. Movement and deformation as well as the stress
distribution in the FE system have been carried out
for four types of loads: constant load from the own
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Fig. 1. General view of the three-dimensional base model
(side view).

weight of the FE, which was calculated by the pro-
gram automatically, depending on the hardness of the
FE; under the influence of a force of 100 N — vertical
load from food biting off; load at an angle of 30° to
the vertical; load at an angle of 45° to the vertical. Tt
has been received the data for each load separately,
and then for their combination in different variants of
calculated situations.

In addition, the stress and displacement distribu-
tion has been studied on computer models, which
took into account three degrees of preservation of
interalveolar septa: 100 %, 75 % and 50 %, which
corresponded to the state of bone tissue of healthy
periodontal tissues, periodontitis of the I and II
degrees of severity respectively.

As the result of the calculation of developed com-
puter models, it has been detected the movement of
nodes, the stress distribution in intact and crown-cov-
ered teeth. In the process of computer analysis using
the FE method, the main movements and deforma-
tions in the nodes of the design models have been
found, the stress distribution in the FE have been
determined, which have been demonstrated in the
form of visual mosaics of the calculated parameters
from each created combination of loads of studied
models. Further, the analysis of the results of calcula-
tions and clarification of equivalent stresses accord-
ing to Mises and maximum displacement values has
been carried out. For the possibility of further anal-
ysis of the influence of the preparation angles on the
stress and deformations distribution of the calculated
models, all the values in the FE have been calculated
for the cutting edge, the equator, the neck, the middle
area of the root and the tooth apex.

The obtained data has been processed statistically
with a licensed software product MS Excel 2003 [16,
558 p.]-

Results and discussion. During the study, we
have obtained 36 calculated models that differed from
each other in the presence of the artificial crown, the
peculiarities of tooth preparation (different conver-
gence angle), the degree of preservation of interalve-
olar septa, and the type of load.

We have to note immediately that the stress and
displacement distribution has been determined by
the type of loads, but it has been characterized by the
similarity of the stress and displacement redistribu-
tion in various simulation models, the difference has
been in their intensity. The most indicative of the cur-
rent study have been the results obtained for loading
at an angle of 45° to the vertical (fig. 2-7).

After the calculations, due to the imitation of
tooth prosthetics with a metal-ceramic crown, the
increase in the stress and deformation distribution
has been detected. Thus, the increase of the con-

Table 1

Physical and mechanical characteristics of tissues and materials used in calculated computer models

Tissue/material Elastlcll\tlypl:odule, Poisson coefficient Density, mN/m?

Enamel 76 000 0.31 0.03706
Dentin of crown 15000 0.31 0.018

Dentin of root 15600 0.31 0.01962
Cement of tooth 10000 0.3 0.018

Periodontal ligament 20 000 0.3 0.02

Bone tissue of alveolar septa 13 700 0.3 0.01962
Nickel-chrome alloy 210 000 0.3 0.07701
Ceramic mass 68 800 0.22 0.01962
Glass-ionomer cement 12 000 0.25 0.01966
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Fig. 2. The fields of displacements of the intact tooth under the influence of load at an angle of 450 to the vertical
in simulation models with varying degrees of preservation of the alveolar septa: a— 100 %; b — 75 %; ¢ — 50 %

Fig. 3. The fields of displacements of the tooth, which is preparated with the minimum convergence angle and covered
with the combined crown, under the influence of load at an angle of 450 to the vertical in simulation models
with varying degrees of preservation of the alveolar septa: a — 100 %; b — 75 %; ¢ — 50 %
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Fig. 4. The fields of displacements of the tooth, which is preparated with the maximal convergence angle covered

with the combined crown, under the influence of load at an angle of 450 to the vertical in simulation models
with varying degrees of preservation of the alveolar septa: a— 100 %; b — 75 %; ¢ — 50 %
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Fig. 5. The stress distribution in the intact tooth under the influence of load at an angle of 450 to the vertical in
simulation models with varying degrees of preservation of the alveolar septa: a— 100 %; b — 75 %; ¢ — 50 %
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Fig. 6. The stress distribution in the tooth, which is preparated with the minimum convergence angle covered
with the combined crown, under the influence of load at an angle of 450 to the vertical in simulation models
with varying degrees of preservation of the alveolar septa: a— 100 %; b — 75 %; ¢ —50 %

Fig. 7. The stress distribution in the tooth, which is preparated with the maximal convergence angle covered with
the combined crown, under the influence of load at an angle of 450 to the vertical in simulation models with varying
degrees of preservation of the alveolar septa: a— 100 %; b — 75 %; ¢ — 50 %
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vergence angle has led to the increase in the crown
thickness. At the same time, the crown has taken on
most of the stresses and unloaded the periodontal tis-
sues. In fig. 6a and 7a one can see that in the area
of contact of the crown edge with the chamfer and
in the bone tissue of the alveolar septa, from the lin-
gual surface, there are significant stresses that have
located character and give the overload of the bio-
mechanical system "crown — tooth — alveolar bone".
In turn, the increase in the convergence angle of the
preparated tooth surfaces has also led to the increase
in displacements in studied biomechanical system.
As you can see from fig. 3a and 4a, the maximum
displacements have been mainly localized in the
neck area of the tooth.

Accordingly, the degree of simulated resorption
of the alveolar septa has also led to the redistribution
of the stresses and displacements.

In the intact tooth, the growth of the degree of
resorption of the interalveolar septa has caused the
displacement of the maximum stress zone from the
tooth neck (fig. 5a) to the apical part of the root
(fig. 6a and 7a). This trend is more noticeable when
covering the tooth with a combined crown with a pre-
liminary preparation with a minimum convergence
angle (fig. 5b, 6b, 7b) and it is most pronounced
when creating a maximum cone of preparated tooth
(fig. 5S¢, 6c, 7Tc).

As for the displacement fields, with the decrease
in the height of the alveolar septa, the increase in
areas of maximum displacement has been observed,
localized mainly in the area of the tooth neck, when
simulating an intact periodontal (fig. 2a, 3a, 4a) to
spread on the lingual surfaces of the tooth crown
and root while decreasing the height of the alveolar
septa to 75% (fig. 2b, 3b, 4b) and to 50% (fig. 2c,
3c, 4c). At the same time, the largest displacements
have been registered for resorbed interalveolar septa,
which correspond to the periodontitis of the II degree
of severity, when preparing a tooth at the maximum
convergence angle (fig. 4c¢).

Conclusions. When prosthetics of teeth with
combined crowns in patients with generalized perio-
dontitis, the character of the displacements and max-
imum stress distribution according to Mises depends
on the angle of cone of tooth preparation and the
degree of resorption of bone tissue. The large con-
vergence angle of the tooth which is prepared under
the metal-ceramic crown and the significant degree
of resorption of the interalveolar septa give a critical
redistribution of stresses and displacements.

In clinical conditions, with a high degree of prob-
ability, this situation contributes to the development

of traumatic marginal periodontitis, which is mani-
fested by the primary destruction of the periodontal
ligament and alveolar bone and causes deterioration
in the course of the pathological process in periodon-
tal tissues.

Registered changes of the stress and deforma-
tion distribution in the above-described simulation
models prove the need to observe the minimum con-
vergence angle in tooth preparation in patients with
general periodontitis, in particular for splint designs,
which allow increasing the functional efficiency and
sufficient stability to the occlusion load of biome-
chanical system "crown — tooth — bone".
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