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ABSTRACT:

The aim of this paper was to study the micro-movement of a normal tooth and the dental implant that form the integral
part of fixed dental prostheses. The research presents a three-dimensional finite element analysis for two different
models, the tooth-implant fixed partial denture model and tooth-support fixed partial denture model. The simulated
models included the first premolar, first molar, cortical bone, cancellous bone, periodontal ligament, dental implant,
and the Zirconia dental prosthesis. Under loading, the natural tooth shows a higher movement rate than the dental
implant. Based on the study result, it could be concluded that, despite the finite element analysis giving an approximate
solution, the finite element simulations did provide a reasonable assessment and a good understanding of the support
units' mechanical behavior.
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INTRODUCTION

Since the 1960s, Finite Element Analysis (FEA) has been commonly used in a variety of engineering and bioengineering
fields through numerical analysis [1]. Finite element analysis (FEA) is purely a mathematical way to solving complex
problems in the universe, since it allows for a more simplistic mathematical solution to biological problems. Many people
are constantly confused by the words FEM and FEA. Both are, in fact, the same thing. In industry, FEA is more common,
while FEM is more common at universities [2].

The use of computational methods and engineering knowledge in dentistry has benefited the understanding of oral
biomechanics [1]. As, for predicting the deformation patterns and the effects of stress on the implant and its surrounding
bone, finite element analysis (FEA) has become an increasingly useful method [3]. Also, the concept of stress analysis of
dental structures has been a popular subject, to evaluate stresses of dental structures and improve their mechanical strength
[4].

A natural tooth is attached to the alveolar bone via connective tissue known as periodontal ligament (PDL) [5], which
displays elastic response followed by a viscoelastic phase when subjected to a continuous load [1]. The periodontal ligament
(PDL) act as a shock absorber in a natural tooth, allows an apical intrusion of around 28 pm and lateral movement of about
50-108 um[6].

A dental implant is a treatment for the rehabilitation of many functional, anatomical, or aesthetic problems due to tooth
loss [7]. The implant is osseointegrated, which means artificial material fusion into the bone, so the implant cannot be
separated from the bone without fracture [8,9], as result the implant exhibit only linear movement during loading cycle in
proportion to the applied load without initial rapid movement due to lack of periodontal ligament [10]. Connecting teeth to
implants led to a challenging biomechanical system that provides the prosthesis with different support, and thus stress, at
both ends of the system [11].

The aim of this study was to investigate the micro-movement of a normal tooth and the dental implant at the tooth-
implant fixed prostheses by finite element analysis.

FINITE ELEMENT MODEL VALIDATION
As a first step, it is important to validate the results of our model to grantee that the subsequent results are close to the
reality. This process helps ensure that the model is accurate and can be used for dental research. As biomechanics models
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get more complicated and contain more components of the prosthetic system, it becomes more difficult to validate the
model. However, the validation of FE models by using empirical studies is few and far between. Therefore, in our study
we confined on numerical models quoted from certain papers. A finite element model was adjusted to correspond with
previously published research to validate this study. The model was constructed of the tooth, alveolar bone (cortical and
cancellous), zirconia crown, and periodontal ligament, Figure 1.
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Figure 1: The model of single premolar.

The viscoelastic properties of the periodontal ligament play a significant role in the biomechanics of natural teeth and
allow mobility to about 50-200 pm [12]. Jones et al.[13] validated a FEM model and discovered that the materials
properties of periodontal ligament were difficult to quantify because periodontal ligament displayed an initial elastic
response followed by a viscoelastic phase when subjected to a continuous load.

The force—displacement relationship of a tooth under an applied force is represented by a nonlinear curve. Assuming
the linear elasticity of the periodontal ligament as a constant material property may result in a mistaken solution. The use
of the linear static model is suitable only for expressing the displacement of a tooth under a specific range of applied load,
and defining an elastic modulus of periodontal ligament [2].

Previous research has considered the periodontal ligament as a 0.25 mm thick layer around the tooth [14—18]. The
elastic modulus and Poisson’s ratio of the periodontal ligament was 2 MPa and 0.15, respectively [15,19].

The results of tooth displacement reported in several researches were used to validate this model. The data of this studies
were gleaned from the living subjects such as the study presented by Szava et al. [20], to investigate the micro-movement
pattern of the premolar tooth using the video image correlation method. As well as, a study by Parfitt et al. [21] that
investigated the physiological mobility of upper incisor tooth in an axial direction. In addition, there is the experiment by
Robinson et al. [22] which measures the mechanical response to loading at the occlusal surface of first mandibular premolar
by using an extracted tooth. The same load conditions used in these mentioned research papers have been re-applied to the
present models with two different mechanical properties of the periodontal ligament, Figure 2.
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Figure 2: The force—displacement relationship of a tooth under applied force.

Among this comparison one could conclude that the present study is close the mentioned published studies and the
deviation may be due to the difference in the geometry dimensions and material manipulation of the premolar model.
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FINITE ELEMENT ANALYSIS OF THE DENTAL PROSTHESIS
The research presents a three-dimensional finite element analysis for tooth - implant supported prosthesis model
designed to compare with the tooth-support fixed partial denture model. The simulated models included the first premolar,
first molar, cortical bone, calculus bone, periodontal ligament, dental implant, and the Zirconia dental prosthesis with non-
rigid connectors, Figures (3 - 4).

Figure 3: The model of tooth-support fixed partial denture.

Figure 4: The model of tooth-implant supports fixed partial denture.

The two undertaken models were first designed using SolidWorks 17, computer aid design software, then they have
been exported to ANSYS 16 Workbench software for further mechanical analysis. The models were meshing generation
with element sizes of 0.5mm at a Global Level, Figures 5-6. The number of elements and nodes of the models were
described in Table 1.

Figure 6: Meshes generation of tooth—implan supported prosthesis model.
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Table 1: Number of elements and nodes in the study.

Models Elements Nodes
tooth supported dental prosthesis 405,532 598,108
tooth-implant supported prosthesis 99,831 174,605

Biological tissues is an anisotropic and heterogeneous material which means that they have different mechanical
properties for loading in different directions [4,23]. The material properties used for the current model were assumed to be
linear, homogeneous, and isotropic, Table 2.

Table 2: Mechanical properties of the materials used in the study.

Materials Young’s modulus (MPa) Poisson’s ratio
Cortical bone [24,25] 15,000 0.3
Cancellous bone [24,25] 1,500 0.3
Dentin [26] 18,600 0.31
Zirconia [27,28] 210,000 0.27
Titanium [17,24] 110,000 0.35
Nonrigid connector [15] 110,000 0.42

LOADS AND BOUNDARY CONDITIONS

Axial loads of 100N were applied at the occlusal surface of the prosthesis to simulate regular biting force. Bonded
contact concept was imposed on all the contact regions.

In this model a segment from mandible jaw was virtually taken off to be undergone the proposed simulation, and for
this reason it was fixed in all directions, see Figure 7.

Vertical forces (L00N)

T R

Figure 7: loads applied on the occlusal surface.

RESULTS

The study evaluates under vertical loading the displacement of the prosthesis and their supports units and considered
the deformation as an indication for tooth displacement. After applying all boundary conditions and material properties,
FEA models are solved by mechanical analysis with the help of Ansys Workbench16. Below are the analysis results:

Under vertical loads the maximum displacement of whole prosthesis reached to 149 um Figure 8. It was noticed that
the amount of micro-displacement in the anterior teeth was higher than that of posterior’s, hence the premolar displacement
was 134 um and that of the molar was 81 pm, Figures (9-10).

Type: Total Deformation
Unit: mm

Tirne: 1

2/24/2023 756 PM

0.14972 Max
0.13308
0.11645
0.009813
0.083177
0.066542
0.049906
0.033271
0.016635

0 Min

Figure 8: The displacement under oblique load applied on tooth supported dental prosthesis model.
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Figure 10: The displacement under oblique load applied on molar in tooth supported dental prosthesis model.

Under vertical loads, the maximum value of micro-displacement in the tooth-implant-supported dental prosthesis model
was 70 um, Figure 11. The premolar displacement was 65 pm, Figure 12. While the implant displacement was extremely
low at 6 um because the implant was rigidly fixed to the alveolar bone by osseointegration, Figure 13.
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Figure 12: The displacement under vertical load applied on premolar in tooth-implant supported dental prosthesis model.
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Figure 13: The displacement under vertical load applied on the implant in tooth-implant supported dental prosthesis
model.

DISCUSSION

Mathematical modeling has an important place in biomechanics research. The modeling and simulation process saves
time and resources for conducting the in vivo experiment or clinical study. However, FEA is most efficient when combined
with laboratory experiments. To validate its conclusions, FEA still requires laboratory testing [1].

Many researchers studied the use of teeth and implants to support fixed partial dentures, but the effects are still
controversial. Besides the advantages, there are potential consequences due to the biomechanical difference such as tooth
intrusion and bone loss [11,29].

In tooth-supported dental prosthesis model, the micro-displacement results due to vertical loading showed normal
motility range similar to the natural teeth under occlusal load which is reported to be 200 pm under compression loading
with speed of 10 um/s [30].

In the tooth-implant supported dental prosthesis model, the displacement results were lower than tooth-supported dental
prosthesis, especially the premolar displacement, which is apparently the advantage of using the dental implant as a splint
on the natural tooth. In addition, dental implant displacement was less than natural teeth in tooth-supported dental prosthesis
model due to lack of periodontal ligament. The difference between natural tooth and dental implant displacement results
was consistent with results by D Robinson et al [22] their study developed a computational model of a first premolar and
a dental implant, as well as evaluating their mechanical responses to loading at the occlusal surface, and the experimental
displacement of the dental implant was 60 pum, less than recorded for the natural tooth was 160 um under 100 N of
compressive loading.

CONCLUSION

Based on the study result, it could be concluded that, despite the finite element analysis giving an approximate solution,
the finite element simulations did provide a reasonable assessment and a good understanding of the support units'
mechanical behavior.

The difference in mobility between natural teeth and implants involved in the same prosthesis has the effect of reducing
the micromovement of natural teeth.
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