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Abstract

The design and mechanical analysis of patient-specific dental prostheses play a crucial role in modern den-
tistry and biomechanical research. With the advancement of digital design and simulation tools, it has be-
come possible to create customized dental prostheses tailored to individual patients, ensuring not only ana-
tomical compatibility but also optimal mechanical stability.

In our study, we present the design and finite element analysis of a bridge-type dental prosthesis, which was
created based on the reconstruction of a real mandible. Our goal was to examine the behavior of the dental
prosthesis and mandible under load, with a particular focus on stress distribution and deformations.
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1. Reconstruction of the teeth and man-
dible

The aim of our research was to create a
high-quality, detailed geometric reconstruction
of the mandible and teeth based on CT images.
The resulting model provided the basis for fur-
ther biomechanical and strength studies, which
will help to design optimal prostheses and to bet-
ter understand the mechanical behaviour of the
tooth-mandible system.

The first step was to reconstruct the mandible.
For this purpose, CT images were segmented in
three main planes - axial, sagittal and cortical —
using 3D Slicer [1]. This process allowed for a
better separation of bony and soft tissues, which
facilitated a more accurate modeling [2]. The seg-
mented sections were then imported into the PTC
Creo 11 design software, where NURBS curves
were created during reconstruction and NURBS
surfaces were then spanned onto them. Particu-
lar attention was paid to the tangential contact
between the curves and to keep the number of
surfaces as small as possible, as overly complex
geometry may complicate subsequent simulation
studies [3]. After reconstruction of the mandible,
itsstructure was divided into twolayers: spongiosa

and cortical bone layers, to better model their dif-
ferent mechanical properties [4].

The next step was to reconstruct the teeth, fol-
lowing similar principles as for the mandible.
The teeth were individually reconstructed from
the CT images, initially as a solid structure. Our
primary goal in this phase was to accurately re-
construct the geometry of the teeth and to correct
errors and inaccuracies that may have occurred
in the original CT data. These included, for exam-
ple, undue cavities, minor topological irregulari-
ties or noisy surfaces [5]. In this initial phase, the
teeth were not yet stratified, as the focus was first
on accurately restoring their external shape.

The completed remodeled mandible is shown in
Figure 1.

The creation of a complete model provided the
opportunity to analyse the mechanical stress
capacity of the tooth-mandible system and the
behaviour of prostheses and implants under dif-
ferent loading conditions by subsequent biome-
chanical and strength studies. The reconstruc-
tion methods used ensured high resolution and
smooth topology of the model, which are essen-
tial for accurate simulation studies and medical
applications.
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2. Tooth implants design and modelling

2.1. High quality modelling of tooth implants

In our research, we aimed to create a pa-
tient-specific prosthesis that precisely matches
the original anatomical structure of the patient's
mandible and teeth, following precise modeling
of the mandible and teeth. The prosthesis is a
bridge-type restoration designed for two ground
teeth. The bridge is bonded to the ground teeth.
This solution is considered a fixed tooth implant,
which acts as a bridge to remedy the tooth defi-
ciency and provides the patient with a durable,
functionally load-bearing restoration.

The bridge designed for existing teeth is shown
in Figure 2.

The geometry of the bridge was created by ge-
ometrically offsetting the surfaces of the original
teeth, thus ensuring a proper fit of the prosthesis
on the surface of the extracted teeth [6].

The fit of the restoration on the ground teeth is
shown in Figure 3.

In the picture, the area marked in pink is the
spongiosa layer of the mandible, which forms
part of the supporting structure of the teeth, and
the two ground teeth on which the bridge rests.
These parts are connected to each other in a
bonded way to prevent displacement [7].

The geometry of the implant closely follows the
patient's individual anatomy to ensure proper fit
and stability. The structural design of the bridge is
such that the bite forces are properly distributed
over the cantilever teeth, minimising the risk of
overloading.

The bridge-type implant thus created provides
an opportunity for further mechanical analyses
that can help optimise the final design and facili-
tate preparation for clinical application.

2.2. Strength analysis of tooth implant

Following the design of a patient-specific bridge-
type implant, a strength analysis was performed
in PTC Creo 11 software using the integrated An-
sys simulation module. Our goal was to investi-
gate the mechanical behaviour and resistance of
the implant in a static loading environment.

The following boundary conditions and loads
were applied in the finite element analysis:
—Boundary conditions: the arthroplasty and

crown protrusion of the mandible were fixed
in order to investigate the loading behaviour
of the implant under realistic conditions, and,
in addition, since only the half of the mandible
was investigated in order to run the simula-

Fig. 1. Mandible modelled from CT images.

Fig. 2. The bridge type of implant

Fig. 3. The fit and connection of the implant to the
ground teeth.

tions faster, a symmetry condition was added
to the mandible where this mandible was cut,
so that displacement was only allowed along
the axis of the cut surface.

—Load: a static force of 100 N in the vertical di-
rection was applied to the bite surface of the
middle tooth of the bridge, corresponding to an
average bite force [8].

The applied boundary conditions and loads are

shown in Figure 4.
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During the modeling of the implant, care was
taken to define the bite surfaces as separate,
well-defined surfaces [9]. As shown in Figure 5
this allowed for accurate load assignment and
precise determination of the actual mechanical
stresses on the implant.

Before starting the strength analysis, the whole
model was meshed with finite element meshing
to ensure the accuracy of the numerical calcula-
tions [10]. This meshing is shown in Figure 6.

For meshing, a tetrahedral finite element mesh
was used, which is particularly suitable for accu-
rately mapping complex organic geometries such
as the shape of the mandible and the dentition
[11].

The tetrahedral mesh is an excellent fit for the
curved, complex shape of the mandible and tooth
implant, as tetrahedral elements fill the available
volume more efficiently than conventional hexa-
hedral elements. Another significant advantage is
that it can be generated automatically, requiring
less manual intervention, which makes it faster
and easier to apply to organic shaped models. In
addition, to achieve accurate stress distribution
results, it is possible to vary the element size to
create a denser mesh in critical areas, improving
the accuracy and reliability of the analysis. The
tetrahedral elements are able to handle more
complex boundary conditions and loading situa-
tions, which was a particularly important consid-
eration in the modeling of implant.

By constructing the meshing, we ensured that
the mandible, the implant and the fixed teeth
were represented at the appropriate resolution in
the finite element analysis, thus obtaining more
accurate and detailed results on their loading be-
haviour.

The first step in the finite element simulations
was to investigate the total deformation, which
shows the extent to which static loading causes
parts of the model to move from their original po-
sition. The results are shown in Figure 7, which
shows that the largest deformation was at the low-
er part of the mandible, at the mandible tip, where
the maximum displacement was 0.1706 mm.

This result suggests that the mandible under-
goes minimal elastic deformation under the ap-
plied 100 N bite load, which is a natural phenom-
enon. The greater displacement in the mandible
is explained by the fact that this area is furthest
from one of the fixed boundary conditions (man-
dibular arthroplasty and crown protrusion) and
therefore has a greater degree of freedom to
move [12].

Fig. 4. Loads and boundary conditions.

Fig. 5. Application of the load to the bite surface.

Fig. 6. Meshing on the mandible.

Fig. 7. Total deformation.
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As a next step in the finite element simulation,
a von Mises stress test was performed to analyse
the stress distribution in the implant and mandi-
ble material under static loading. The result of the
stress test is shown in Figure 8.

In the case of the mandible, the highest stress
was in the ramus region, where the maximum
value exceeded 10 MPa. This result is in agree-
ment with the fact that the ramus plays a key
role in the load transmission due to the mastica-
tory force, and therefore the greatest mechanical
stress is concentrated in this area [13].

In the case of implant, the highest stresses were
found on the bridge structure, which is located
between the two grinded teeth. Here, the princi-
pal stress reached 33.9 MPa, indicating that this
part of the implant is a highly stressed zone. This
value is also significant because the main loading
point of bridges is the middle part, where bend-
ing and shear stresses are generated due to the
bite force [13].

The maximum stresses on the bridge are shown
in Figure 9 and 10.

The results show that both the mandible and
the implant structure exhibit suitable mechanical
resistance, as the applied stresses are within the
expected range [14]. Further fine-optimization
of the implant geometry can help to reduce the
maximum stress values and to distribute the forc-
es more evenly.

3. Conclusions

The aim of our research was the design and
mechanical testing of a patient-specific implant
based on the geometric reconstruction of a real
mandible. The planned implant is a bridge-type
restoration that was fitted on two ground teeth.
The complete model was created and simulation
studies were performed in PTC Creo 11 software
using the Ansys finite element module.

As a first step in the simulation process, the en-
tire structure was fitted with a tetrahedral finite
element mesh, which is an excellent tool for trac-
ing the complex geometry more accurately. Sub-
sequently, mechanical analyses were carried out,
treating the mandibular arthroplasty and crown
protrusion as boundary conditions and the man-
dible cut surface as a symmetry condition, while
the loading of the implant was modelled by a
static force of 100 N in the vertical direction ap-
plied to the bite surface of the central tooth of the
bridge.

Fig. 8. Von Mises stress analysis.

Fig. 9. Maximum stress on the bridge, top view.

Fig. 10. Maximum stress on the bridge, bottom view.

The results showed that the maximum value of
the total deformation was 0.1706 mm, which oc-
curred at the lower part of the mandible. When
the stress distribution was examined, the highest
von Mises stress was developed in the ramus part
of the mandible, exceeding 10 MPa. In the case of
the implant, the most stressed zone was the cen-
tral part of the bridge, where the stress increased
to 33.9 MPa.
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