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THE EFFECT OF CONVERGENCE ANGLE 
OF TOOTH PREPARATION IN PATIENTS 

WITH GENERAL PERIODONTITIS 
ACCORDING FINITE ELEMENT 
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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 20 to the maximum possible, for four types 
of loads (constant from own weight; vertical from food 
biting off; at an angle of 300 to vertical; at an angle of 
450 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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ВПЛИВ КУТА  
КОНВЕРГЕНЦІЇ ПОВЕРХОНЬ  
ПРИ ПРЕПАРУВАННІ ЗУБІВ 

У ХВОРИХ НА ГЕНЕРАЛІЗОВАНИЙ 
ПАРОДОНТИТ ЗГІДНО АНАЛІЗУ 

КІНЦЕВИХ ЕЛЕМЕНТІВ

Мета дослідження. Вивчити характер переміщень 
та розподіл напруг при протезуванні нижнього 
центрального різця металокерамічною коронкою 
в залежності від кута конусності препарування 
та ступеня резорбції альвеолярної перегородки із 
застосуванням методу кінцевих елементів. Методи 
дослідження. Створені комп’ютерні моделі вивчались 
із використанням розрахункового програмного 
комплексу «Ліра 9.6» для відтворення інтактного (до 
препарування) та препарованого зуба, з урахуванням 
подальшого накладання металокерамічної коронки. 
Розрахунки проводились для різних кутів конвергенції, 
починаючи з 20 до максимально можливого, для 
чотирьох видів навантажень (постійного від власної 
ваги; вертикального від відкушування їжі; під кутом 
300 до вертикалі; під кутом 450 до вертикалі) та 
для різних ступенів збереження міжальвеолярних 
перегородок: 100 %, 75 % та 50 %. Наукова новизна. 
Встановлено, що збільшення в розрахунковій моделі 
кута конвергенції поверхонь зуба, також як і зменшення 
висоти альвеолярної перегородки, призводять до 
зростання переміщень в біомеханічній системі 
«коронка – зуб – кісткова альвеола», максимальні 
з яких локалізовані в пришийковій ділянці зуба 
з язикової поверхні. Збільшення кута при препаруванні 
викликає зростання напруг в тій же ділянці, тоді 
як зростання ступеня резорбції міжальвеолярних 
перегородок спричинює зміщення зони максимальної 
напруги від шийки зуба до апікальної частини 
кореня. Висновки. Отримані результати вказують 
на необхідність додержання при препаруванні 
мінімального кута конвергенції поверхонь зуба у хворих 
на генералізований пародонтит, що дозволить 
знизити ризики прогресування патологічного процесу 
в навколозубних тканинах внаслідок зростання 
напружено-деформованих станів.
Ключові слова: метод кінцевих елементів, 
напружено-деформовані стани, препарування зубів, 
генералізований пародонтит.
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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 20 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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Table 1
Physical and mechanical characteristics of tissues and materials used in calculated computer models 

Tissue/material Elasticity module,
MPa Poisson coefficient Density, mN/m³

Enamel 76 000 0.31 0.03706
Dentin of crown 15 000 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

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 300 to 
the vertical; load at an angle of 450 to the vertical. It 
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 450 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-
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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: а – 100 %; b  – 75 %; c – 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: а – 100 %; b  – 75 %; c – 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: а – 100 %; b  – 75 %; c – 50 %

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: а – 100 %; b  – 75 %; c – 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: а – 100 %; b  – 75 %; c – 50 %
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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: а – 100 %; b  – 75 %; c – 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. 5c, 6c, 7c).

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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