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Abstract

Background: To date, there is no clear consensus in the literature on which endocrown design and depth is the most
effective treatment option for restoring endodontically treated maxillary central incisors. Aim: To determine the
stress distribution of the anterior endocrowns by means of finite element analysis.

Material and Methods: Nine 3D finite element models (groups A — I) were made, each one representing a restoration
system of endodontically treated upper central incisors. The models were endocrowns with and without ferrules
at 0, 1, 3, and 5 mm depth and a post-core stump control group. A static load of 100N of force was applied to the
palatal face at 45° from the long axis of the tooth. The Von Mise values and the maximum stress in the crown, dentin
and resin cementum were evaluated separately.

Results: The maximum stress distribution was C <B <A <D <H <F <E <G <[ and the Von Mises stresses were
in the upper 1/3 of the retainer of endocrowns A, B, C and D. ; in the vestibular neck in endocrowns E and F; in the
final 1/3 of the retainer in the endocrown G; in the middle 1/3 of the retainer in the H endocrown; and at the level
of the vestibular neck of the crown in model I.

Conclusions: The smallest distribution of maximum and Von Mises stresses was observed in model C.

Key words: Finite element analysis, Biomechanics, upper central incisor, endodontically treated teeth, dental
restoration.

Introduction

The upper central incisors are the teeth that present the
highest frequency of traumatic dental injuries, these co-
ronary fractures involve pulpal exposures, where root
canal treatment is necessary and later its restoration (1).
Furthermore, these teeth are involved in the protection
of the posterior teeth in protrusive movements. Likewi-
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se, they have the function of tearing food and the stresses
that arise during tearing and movements are extremely
important for the long-term success of post-endodontic
restorations (2).

Endodontically treated teeth present quantitatively and
qualitatively very different mechanical properties com-
pared to vital teeth; For this reason, they are a com-
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mon problem in restorative dentistry, commonly linked
to fractures that occur in said teeth. mainly due to the
volumetric loss of its structural integrity, given by the
preparation of the endodontic access cavity, the instru-
mentation of the root canal, the obturation technique or
the preparation and the inadequate selection of the post
space (3,4). Therefore, the optimal way to restore teeth
after endodontic treatment remains a controversial topic
of heated debate to this day (5).

Treatments have been sought that range from direct aes-
thetic restorations with composite, conventional indirect
restorations with posts, cores and prosthetic crowns,
however, to restore the latter, it is necessary to prepare
the root canal, as well as the supragingival tissues, un-
fortunately this carries the risk bacterial contamination
and root perforation, as well as coronary wear (5,6).
Currently, with the advancement of adhesive techniques
and an increasing emphasis on minimally invasive den-
tistry, endocrowns have been proposed as an excellent
alternative for endodontically treated teeth (7-9). Due to
the fact that this restoration is simpler and simpler (10),
where the crown and the nucleus are united, there is less
clinical time, less dental wear; Also, no post is needed;
therefore, it reduces the probability of root fracture (5).
Endocrowns have a high survival rate of 91.4% at 5
years, but reported only in posterior teeth (11), however,
there is little and controversial scientific evidence in an-
terior teeth. The success of endocrowns depends on the
micromechanical retention provided by the design, that
is, the existing ferrule effect or not, and the depth of its
extension in the pulp chamber, these play a fundamental
role in the distribution of tensions of restorative thera-
pies of endodontically treated teeth. Therefore, the ob-
jective of our study was to determine the biomechanical
behavior of anterior endocrowns with different designs
and depths using finite element analysis.
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Material and Methods

-Study design:

This was an experimental, cross-sectional, comparative
and in vitro study and was carried out using finite ele-
ment analysis, where the study variables were anterior
endocrown restorations with different preparation de-
sign (with and without ferrule) and depth of extension in
the root canal (0mm, Imm, 3mm and 5mm), in addition
a control group was made with crown stump restoration.
This research was approved by the Ethics Committee of
the Faculty of Stomatology of the National University of
Trujillo, P.I.B. ITS T. — 010 - 2023.

-Preparation of solid models and finite elements:

A maxillary central incisor was collected, with a crown
length of 10.5 mm and a medial-distal width of 8.5
mm, and with a root of 11 mm, recently extracted due
to periodontal disease, which all its surfaces were scan-
ned with a Multifunctional 3D Dental scanner UP560
(3DBiotech, China), said scan in STL format was pro-
cessed with the Meshmixer software, in which it was
smoothed and reduced the number of elements to make
the tooth more uniform, then it was saved in SLDDRW
format , to be able to operate with the SOLIDWORKS
software. In this last software, we proceeded to identify
the X (mesial), Y (longitudinal of the tooth) and Z (ves-
tibular) planes of the tooth and to make the cuts in the
planes in such a way that a solid dental piece is obtained.
Subsequently, three restoration models were made, one
with an endocrown without a ferrule (Model 1) and with
a ferrule (Model 2) varying their depths, and another as
a control group with post and stump made to measure
(Model 3) (Fig. 1).

For model 1, the maxillary central incisor was sectioned
in a plane perpendicular to the longitudinal axis of the
tooth at a distance of 7 mm from the incisal edge. Then,
an 8§ mm long by 2 mm wide cylinder was created to

Modelo 1

Modelo 2

Modelo 3

Fig. 1: Dimensions of the models.
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be inserted into the pulp chamber and root canal of the
tooth. The sectioned crown and cylinder volumes were
merged and added to the tooth models at different dep-
ths. Finally, a 0.1 mm thick layer of cement was cast
around the entire endocrown.

For model 2, the same as design 1 were made, adding the
ferrule effect, cutting the remaining coronary surface of
the tooth as for a prosthetic crown abutment, with an in-
clination of the axial walls of 10° and a rounded shoulder
termination line (Chamfer) of 0.8mm.

For model 3, the same was done for design 1 and 2, ad-
ding a fiberglass post (3M) and stump, for this, a cylin-
der 12 mm long by 1.2 mm wide was created, this solid
it was inserted and added into the pulp chamber and root
canal of the tooth model. In this way, a 1.2 mm diameter,
6.9 mm long post tooth was created, leaving 3.5 mm of
gutta-percha at the root apex.

Subsequently, the designs presented were entered into
the finite element method program of the ANSYS sof-
tware for the respective simulation. The nodes and ele-
ments of each model are shown in Table 1.

Biomechanics of anterior endocrowns with different designs and depths

-Experimental assumptions, boundary conditions and
parameter settings:

Where it is assumed that all the materials and tissues in
the model are linear elastomers with continuous homo-
geneous isotropy and that they met small strain condi-
tions, the specific mechanical parameters of each mate-
rial are (12,13): (Table 2).

The endocrowns and the crown were manufactured ba-
sed on Lithium Disilicate ceramic as they are conside-
red the best restorative materials due to their properties
of greater mechanical resistance, the strong adhesion
force to the tooth structure and the superior aesthetic
appearance (14). Likewise, Variolink II resinous cement
(Ivoclar, Vivadent AG, Schaan, Lichtenstein) was used,
since it is a cement with a fourth-generation adhesive
system, which offers better adhesion strength (6).
-Charging methods:

A clinical occlusal load of 100N of static load force was
simulated in a direction of 45° with the long axis of the
tooth, in the middle 1/3 of its palatal surface and with
a load area of 2 mm? Since it is known that the maxi-

Table 1: Number of nodes and elements of the different models analyzed with the finite element method.

Endocrown without ferrule

Endocrown with ferrule Control group

A B C D E F G H I
Nodes 546652 556652 539585 552206 573504 583578 | 567908 578881 598317
Items 282830 290619 303011 309617 299268 307035 | 320471 326021 323536

-Design of models and groups:

A model was made with a 3.5mm high dental remnant.
Nine groups of models with different designs and resto-
ration depths were established.

A. Group of endocrowns without ferrule at 0 mm depth.
B. Group of endocrowns without ferrule at 1 mm depth.
C. Group of endocrowns without ferrule at 3 mm depth.
D. Group of endocrowns without ferrule at 5 mm depth.
E. Group of endocrowns with ferrule at 0 mm depth.

F. Group of endocrowns with ferrule at 1 mm depth.

G. Group of endocrowns with ferrule at 3 mm depth.

H. Group of endocrowns with ferrule at 5 mm depth.

I. Group with fiber stump and crown.

Table 2: Mechanical parameters of the materials.

mum force of the average upper central incisor is 12 Kg
(117.2N) (2).

-Voltage charging methods and indicators:

The distribution and maximum Von Mises stresses were
analyzed in the different components involved in the
restoration (crown, dentin, and resinous cement).

Results

The Von Mises stress distribution of the crown, dentin,
and resin cementum is shown in Fig. 2. Where it can be
seen that the Von Mises stress distribution in the crown
was: in groups A, B, C and D in the upper 1/3 of the
endocrown retainer; groups E and F, in the vestibular

Material Modulus of Elasticity (GPa) Poisson’s ratio
Enamel 84,1 0,33
Dentine 18,6 0,31
Cement 18,6 0,31
Periodontium 0,069 0,45
Gutta-percha 0,14 0,40
Fiberglass post (3M) 36 0,3
Lithium Disilicate Ceramic 103,0 0,23
Resinous cement 8,3 0,35
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Fig. 2: Von Mises stress distribution.

neck of the endocrown; group G, in the final 1/3 of the
endocrown retainer; group H, in the middle 1/3 of the
endocrown retainer; and group I, in the vestibular neck
of the crown. The distribution of Von Mises stresses in
the dentin was: in groups A, B, E, F, G, H and I it was
in the upper buccal 1/3 of the remaining dental tissue
and in groups C and D, in the 1/3 half labial. And the
distribution of Von Mises stresses in the cement was: in
groups A, B, E, F, G, H and I it was similar and distribu-
ted throughout the adhesive layer, and in groups C and
D, it is distributed by the entire adhesive layer and lower
1/3 of the endocrown retainer in palatal view. In addi-
tion, in group I, the stress distribution area in the post
was observed at the level of its middle 1/3.

In relation to the Von Mises stress distribution of the
crown, dentin, and resin cement, it was found that the
stress distribution of endocrowns in dentin and cement
is approximately half of that experienced in the crown.
Anterior endocrowns with ferrules present similar bio-
mechanical behavior as fiberglass post-die crowns, in
addition they present a greater stress distribution than
endocrowns without ferrules. Endocrowns without
Ferrule present approximately 1.7, 2.4, and 5.1 times
lower stress distribution than endocrowns with Ferrule
in the crown, dentin, and cementum, respectively. And
the endocrowns present a lower stress distribution in
groups C and D, both in the crown, dentin and cement
(Table 3).

Table 3: Values of the maximum Von Mises stresses in the restored teeth in MPa.

Endocrown without ferrule Endocrown with ferrule Control
A B C D E F G H 1
Crown 24.91 25.18 24.08 2547 43.93 43.06 44.67 40.42 45.53
Dentine 12 11.73 12.11 8.85 26.73 27.51 26.48 24.62 29.74
Cement 6.38 6.3 6.23 6.16 335 33 3111 30.88 34.84
Post - - - - - - - - 11.51
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Discussion

Due to limited information, what design and depth of en-
docrown restorations of anterior teeth is most beneficial.
The few studies involving this type of restoration are
based on static fracture resistance and variables cannot
be manipulated (15-21). In the present study, a three-di-
mensional finite element analysis was carried out, which
allows us to quantify and characterize the stress distribu-
tion after having applied the external functional forces
(22).

The distribution of maximum stresses in the anterior
endocrowns is reflected from highest to lowest in the
crown, dentin and cement, due to the proximity of the
incidence of force on the structures involved (2,6).

The lowest stress distribution was found in endocrowns
without ferrules, both in the crown, dentin and cemen-
tum, compared to endocrowns with ferrules; because
the non-ferruled endocrowns were prepared with a butt
union, which led to maintaining a peripheral enamel
band, while the ferruled preparation was prepared with
a shoulder finish line, which caused loss of healthy tis-
sue of enamel and dentin that would be important for
the adequate support and adhesion of the restoration
(2,23,24), therefore, in the endocrowns without ferrules,
more dental tissue was preserved, which was more pro-
pitious for the uniform distribution of the stresses in the
tooth (2,25). However, in one study it was found that the
greatest resistance to fracture occurs in endocrowns with
ferrules (16).

The distribution of stresses of the endocronals according
to their depth varied, the greater the depth, the greater
the stress, similar data found in other studies (2,15,18),
which may be due to an increase in the contact surfa-
ce area (17). However, in one study it was found that
teeth restored with endocrowns and fiberglass-reinfor-
ced posts have similar fracture strength, because endo-
crowns behave like short posts (19). Contrary to other
studies, which conclude that the depth of the endocrown
preparation does not have significant consequences on
the resistance to fracture (15), nor on the distribution of
stresses (2).

When comparing the design and depth in our study, it
was observed that group C presents a lower stress dis-
tribution in the crown, results similar to those of Li et
al. (2). And in dentin and cement, group D is slightly
less than group C. This is corroborated by the analysis
carried out with the Von Misses Failure theory, where
the highest color intensity for both groups was similar,
in 1/3 upper crown, in the labial middle 1/3 of the den-
tin and in the cementum, at the vestibular level and in
the lower palatal 1/3. Due to the similar characteristics,
a greater extension in the root depth is not necessary,
which would lead to a greater preparation of the root ca-
nal and, therefore, a greater weakness of the teeth treated
with endodontics (20).

Biomechanics of anterior endocrowns with different designs and depths

In our study, the stress distribution of endocrowns wi-
thout ferrules were much lower than traditional restora-
tions with crown stump posts, results that coincide with
other studies (21,26,27), This is due to the fact that the
fewer the number of interfaces between different mate-
rials, it will support greater tensions, as observed in the
monolithic nature of the endocrowns (2,15), therefore, it
reduces the cement layer; Contrary to what happens with
crown posts, which need three or four layers of compo-
site resin to customize them, otherwise the cement layer
is very thick; therefore, prone to fracture (28). Further-
more, if the endocrown tooth is to fracture, the location
of the fracture would be in the neck of the tooth (6) and
the affected tooth could be repaired again by crown len-
gthening surgery or orthodontic traction, compared to
post-core crown core (2,29).

On the other hand, in our study a similar biomechanical
behavior was observed between endocrowns with ferru-
les and post-die crowns, probably due to the substantial
loss of tooth structure when preparing, which leads to
less adhesive bonding surface, in addition, cementation
is only on dentin substrate. Similar results to Hofsteenge
JW and Gresnigt M (20).

Due to the rapid mechanical analysis and thanks to its
versatility, the finite element method is currently widely
used; but the complex forces that are generated in the
oral cavity cannot yet be simulated. For this reason, one
of the limitations of this study is that it only analyzes
ideal stress conditions, that is, static loads, contrary to
what happens in real chewing, where the forces are dy-
namic. However, with the advancement of finite element
analysis technology, it could be used to study biomecha-
nics in more detail. The authors recommend that the re-
sults of this study should be confirmed by clinical trials
and by further in vitro mechanistic testing.

Conclusions

The presence of dental remnants in anterior tooth res-
torations is extremely important for stress distribution;
however, it is not necessary to perform the ferrule effect.
Endocrowns without ferrules present lower Von Mises
stresses, therefore, they have greater mechanical resis-
tance. Considering the effect of the depth of the endo-
crown without ferrule and comparing the maximum
stresses obtained, group C would be the most optimal.
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