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ABSTRACT

In this paper, the 3-dimensional (3D) modelling of jaw and other
artificial structures and most realistic simulation models are developed
and studied. Optical scanning, computer aided design (CAD) and
computer aided analysis (CAE) programs are integrated with each
other are used. The DICOM (Siemens medical image format) files
that are obtained by scanning computer tomography (CT) images
of jawbone are transformed into two different point cloud format
as cortical and cancellous bone layers. Obtained point clouds are
firstly converted to the solid model format and then combined in
SolidWorks. In this way, specific jaw model of the patient is obtained.
Finally, the appropriate implant, abutment and crown bridge for
the jawbone is modelled. Created 3D solid models are assembled in
SolidWorks and were made suitable for the finite element analysis
(FEA). Structural analysis of created 3D solid model was carried out
in ANSYS with the finite element method, locations and amounts of
stresses and displacements were determined by examining the stress
distributions. Thus, the most appropriate geometry and material of
implant, abutment and crown bridge that will be used in the implant
treatment for the patient are assigned and a basic structure is formed
that all types of improvements can be applied.

1. Introduction
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Dental implantology, a special field of dentistry dealing with the rehabilitation of the dam-
aged chewing apparatus due to loss of the natural teeth is currently the most intensively
developing field of dentistry. Missing teeth can be replaced by dental implants (artificial
roots), which are inserted into the root-bearing parts of the mandible or maxilla as pre-

sented in Figure 1.

The long-term benefits of dental implants include improved appearance, comfort, speech
and self-esteem. With the dental implant, the patient can eat more conveniently. In addi-
tion, the implant is able to protect the remaining natural teeth, stop bone loss and restore
facial skeletal structure. As far as the costs are concerned, implants have shown to be less
expensive overall than other types of prostheses such as crown and bridge restorations.
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Figure 1. Dental implant system.

Implants placed into bone fused with the bone in a certain recovery time and they support
fixed or removable dentures made on them. In this way, many problems associated with
using conventional prostheses operations can be eliminated.

Patients are going to the dentist many times to determine the appropriate implant
design during the implant treatment process. This case causes loss of time and cost
for the patient and also for the dentist. Within this study, it is aimed to eliminate this
negative situation. CT images of a patient’s jawbone will be ripped and these images
will be processed in a special programme by the method of reverse engineering(RE).
In the end, 3-D solid jaw model will be created. Dentists will be able to determine the
suitable implant system for the patient in the computer generated through this model.
In the near future, with the aid of rapidly developing rapid prototyping (RP) method
specific implants and prostheses can be produced or improvements can be made over
existing implants.

The success and long-term prognosis of implant prosthetic therapy depend primarily on
the anchorage of the implant in the jawbone, i.e. on the osseointegration. Osseointegration
may broadly be defined as the dynamic interaction and direct contact of living bone with a
biocompatible implant in the absence of an interposing soft tissue layer.[1] In some cases,
the implant system placed into the bone cannot withstand the stress during chewing and that
may cause undesirable situations such as bone erosion or prolonged recovery after surgical
operations.[2] The most appropriate implant system for the patient should be determined
by the dentist to prevent undesirable situations.

Many complexities and variability occurs in human jawbone during chewing movements.
Different analysis and simulations should be performed to understand better these complex
and variable situations. Doctors and engineers need to work together for the creation of
modelling and simulation.

Jawbone is one of the hardest parts in human anatomy to investigate from a biomechani-
cal aspect due to the lack of a uniform shape, bone structure varying from person to person,
and one of the most intense parts of the movement. As in other biomechanical applications,
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finite element method is used in many studies related to the jawbone and implant surgery.
Making actual experiments on human or animal in biomechanics applications is often a
difficult and even impossible task. Finite element method is a very important method to
determine the unknown behaviour of many structures.

In the previous studies, many modellings and analysis have been made with FEA meth-
ods. The stress distribution that occurs in the jawbone is investigated for different implant
geometries.[3] The effect of implant diameter and implant length on the stress distribution
is investigated.[4] The effect of different abutment designs on the implant systems is also
examined.[5] However, rectangular structures have been considered as the jawbone gen-
erally instead of the specific jawbone model in the majority of these studies.

In this study, different implant thread types are designed on the lower jawbone model.
In the end of the study, dentist will decide which type implant design is optimum for the
patient, based on bone density in patient’s jawbone. To prefer optimum thread design will
increase the percentage of long-term success of the implant. In the study, 13 mm in length
and 3.5 mm diameter standard experimental implants ‘V’ type, ‘frame’ type and ‘circular’
type of three different thread forms is placed on the jawbone model, and were analysed.

2. Material and method

In this study, reverse engineering method is used to obtain 3D model of the lower jawbone.
Firstly, a 35-year-old male patient’s jawbone is scanned using a computed tomography
device. The resulting data stored in the DICOM format that is medical image format of
Siemens and has been made to transfer to the medical image processing program. After
this step, scanned DICOM files are converted into two different point cloud formats as
cancellous and cortical bone layers by means of Mimics program (Figure 2).

3D models in point cloud format are not appropriate mathematical models to be used in
finite element analysis method.[6] So the resulting two different 3D point cloud model are
transferred into SolidWorks program which is 3D CAD program and wherein are converted
into the solid model format. Obtained cancellous and cortical bone layer in the form of
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Figure 2. Obtaining of jawbone model as point cloud from the DICOM files.
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solid models are combined in SolidWorks and 3D model of the lower jawbone has been
obtained as can be seen in Figure 3.

After creating the jawbone model, implants with a diameter of 4.3 mm and an overall
length of 14.25 mm is modelled by using CAD software. SolidWorks by Dassault Systemes
is used to model all the implant system. All implant forms are set as 0.8 mm pitch and
0.6 mm the depth of thread. These values are determined by the commercially used dental
implants.[7] Full osseointegration is considered between implant and bone. Implants which
have three different thread type can be seen in Figure 4.

Created geometric models are transferred to the ANSYS program to do finite element
analysis. Selection of element type on the mathematical model, creating the mesh form,
determining the contact areas, boundary conditions, environment and material properties
and the type of analysis have been made in the program interface.

Tetrahedron element is used as shown in Figure 5. After the meshing in ANSYS average
235,175 points and 139,420 elements are obtained for nine different models.

Some physical properties are to be entered for each structure in the model for the analysis
after meshing process. These properties are modulus of elasticity (E) and Poisson’s ratio

Figure 3. Obtaining the solid jawbone model.

Figure 4. Implant and abutment designed.
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(y) which are the mechanical properties of materials. Modulus of elasticity is a measure
of elastic deformation of the material under the force.[8]Poisson’s ratio is the ratio of the
relative contraction strain, or transverse strain normal to the applied load, to the relative
extension strain, or axial strain in the direction of the applied load.[9]

Bone is divided into two layers, cortical and cancellous, depending on the density of
bone. Cancellous bone layer located under a layer of cortical bone is a porous structure, less
dense and less rigid than the cortical layer.[10] Hence, the two bone layers have different
mechanical properties. In this study, modulus of elasticity is taken as 15 GPa for the cortical
bone and 1 GPa for the cancellous bone. Poisson’ ratio is taken as 0.3 for the cortical and
cancellous bone. Titanium, zirconium and cadmium have been selected as three different
materials for the implants and abutments. Porcelain is used as teeth material (Table 1).

When determining the boundary conditions, considering that ramus section of the lower
jawbone remains stationary in x, y and z directions, all the elements of the model in this
region are given zero degrees of freedom (Figure 6).

At the last step, two different occlusal forces, of 150 N in the horizontal direction and
of 300 N in the oblique direction that is the resultant of vertical forces, are applied to the
created model as the parallel to the long axis of the implant (Figure 6). The magnitude of
the forces is given by considering the maximum masticatory forces in the mouth.[11]

3. Results and discussion

Most of the studies wherein finite element stress analysis method was used reported that
using the Von Mises stress criterion which calculates numerically the stress condition is
sufficient.[12, 13] In this study, the findings are compared according to this energy criterion.

Figure 5. Tetrahedron mesh.

Table 1. Mechanical properties of the materials.

Material Modulus of elasticity (GPa) Poisson ratio
Cortical bone 15 0.3
Cancellous bone 1 0.3
Titanium 110 0.3
Zirconium 210 0.25
Cadmium 50 0.3

Porcelain 70 0.19
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Figure 8. Stress distribution on the bone-implant interface and on the round thread type implant.
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Figure 9. Stress distribution on the bone-implant interface and on the triangle thread type implant.

(a) Stress distribution on bone interface
MPa
60
S0
40
30
20
10
0 | T T T
Titanium Zirconium Cadmium
W Square thread 37.733 37.723 37.750
M Triangle thread ~ 43.572 43,391 43,864
I Round thread 52,953 52,936 52,980
(b) Stress distribution on implant interface

Titanium Zirconium Cadmium
W Square thread 22.862 35.403 12.621
M Triangle thread 17,966 26,965 10,823
"l Round thread 23.869 37.811 12.868

Figure 10. Maximum stress values occurred on the bone (a) and implant (b) by dental implants which
have different geometries-materials.

To summarize the results:

(1)

Maximum stress value is observed on the cortical bone surface, especially first
contacted side with the implant (Figures 7-9);
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(2) Itisdetermined that implant geometry with ‘square’ thread type causes least stress
(Figure 8);

(3) There is not a significant difference between the stress values created on the bone
by the implants which have the same geometry but different materials (Figure 10);

(4) Stressaccumulation is occurred on the hills of thread of used all of dental implants
(Figures 7-9).

4. Conclusions

In this study, thread forms and materials of implants are taken as variable parameters

and

to compare these parameters 3D finite element stress analysis method is used. Stress

distribution on the cortical, cancellous bone and implant is analysed. In this way optimal
implant system is determined for patient who will be performed dental implant treatment
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