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1. Introduction

The purpose of this study is to examine the biomechanical advantages of a new
implant line development by Cortex Dental called SATURN. The SATURN implant
features a specially designed expanded diameter mid-c r e st al “ring
provides added bone contact for greater insertion torque achieving primary stability.
The examination was done by using three-dimensional (3D) Finite Element Model
(FEM) to evaluate the influence of SATURN implant versus classical cylindrical implant
on the stress and implant stability.

2. Analysis Method
To evaluate the influence of Saturn implant versus classical cylindrical implant a three
dimension (3D) analytical model of an implant installed in a standard jawbone cross
section has been developed using Finite Element Method (FEM). This model is used
to investigate the stress distribution induced in the contact area between the implant
and the bone as well as the implant displacement due to vertical and oblique loads
acting at the implant head.

2.1 Model Description

The 3D FEM model is built by using MSC.Nastran software and consists of
approximately 10,000 HEX solid elements. The dental-implant model consists of a
man-dibular segment (cortical and cancellous bone) containing one implant unit. The
bone is modeled as a cancellous core surrounded by a 2 mm thick cortical layer. Two
types of model have been built designated as Model 1 and Model 2 in Fig. 1, which
shows a cross section of the full cylinder model. The difference between the two
models is that Model 2 contains a typical blood clot of 180 deg at the upper bone-
implant interface to check the unique SATURN geometry versus a regular cylindrical
implant. The implant is modeled as simple cylindrical without a surface screw structure
for efficacy of calculation. The implant diameter is 3.75 mm and its length is 10 mm.
Three types of implants were modeled a classical cylinder, which is considered as a
reference model, a cylinder with three wings and cylinder with a full peripheral wing
(Ring) located at its head to simulate classical and SATURN like implants as is shown
in Fig.2. Table 1 summarizes the details of total six types of FEM model that were
analyzed in this work.

Table 1: Summary of FEM Models Details

Bone Type Implant Type

Model | Full Cortical | Upper Face | Cylinder | Cylinder with | Cylinder with a
Type Upper Face | with 180 deg Three Wings | Full  Peripheral
No. Blood Clot Wing

1.1 X X

1.2 X X

1.3 X X

2.1 X X

2.2 X X

2.3 X X
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Figure 1: FEM model of a Dental Implant Embedded in a Standard Jawbone
Full Peripheral

Three Wings
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Figure 2: Implant Models
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2.2 Material Properties

2.3

The material property used for the dental implant made of Titanium is 110GPa [1]. The
properties of all the bones were assumed to be isotropic and linear elastic. The Young
modules employed in the model were 14GPa for the cortical bone, 1.4GPa for the
cancellous bone and 0.14GPa for the blood clot. Bone densities are 1800kg/m? for the
cortical bone and 1200 kg/m?3 for the cancellous bone [2]. Table 2 summarizes the
material's mechanical properties.

Model Boundary and Load Conditions

The Boundary conditions were applied to the side edges of the model so all forms of
translational movements are constrained as shown in Fig. 3. Axial load of 20.0 Kg was
applied at the head of the implant. For stability analysis a load with 20 deg inclination
relative to the implant axis was also applied.

20 [Kg] Axial Load 20 [Kg] load with
20deg inclination

A

Z=0

=

Figure 3: FEM model Boundary and Load Condition

Table 2: Material Properties Summary

Material Young’'s modU Poisson’ s
Titanium Ti-6 AL 4V 110.0 0.35
Cortical bone 14.0 0.30
Cancellous bone 1.40 0.30
Blood Clot 0.14 0.30
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3. Analysis Results and Discussion
The analysis results summarize the stress distribution along the upper bone (Cortex)-
implant interface, shown in Fig. 4, for both axial and oblique loads. The stress level at
this interface edge is important since reducing these stress level could reduce the
mechanism of bone resorption.

3.1 Axial Load Results
The Von-Misses and Shear stress distributions at the Cortex to Implant upper common
edge interface, due to 200 [N] axial compression load, is shown in Figures 5 and 6 for
Model 1 (without blood clot) respectively. Figure 7 shows the Von-Misses stress
distribution for Model 2, which includes blood clot. All figures show the comparison
between the three analyzed implant types.

The both implants which contains partial and full wing at its head exhibit lower Von
Misses and the Shear stresses compared to classical cylindrical implant. It also found
that Saturn implant with a full peripheral ring shows the most balanced and reduced
stress distribution at the cortex implant interface.

The stress distribution along the Implant to Blood Clot interface is very low due to the
small stiffness of the Blood Clot as shown in Fig. 7. However, the implant with partial
and full wing exhibit high improvement stress distribution at the implant to cortical
interface compared to a classical cylindrical implant. The improvement is mostly on
lower stress values and more balanced distribution (eliminate stress peaks at the
blood clot to cortex bone interface).
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Figure 5: Peripheral Von Misses Stress Distribution at Cortical to Implant Upper
Interface due to Axial Load, Models 1.1, 1.2 & 1.3
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Figure 6: Peripheral Shear Stress Distribution at Cortical to Implant Upper Interface
due to Axial Load, Models 1.1, 1.2 & 1.3
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2.1, 2.2 & 2.3 (Bone with 180 deg Blood Clot)
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3.2 Oblique Load Results

The oblique load, of 200 [N] at 20 deg inclination relative to the implant axis, creates
an unsymmetrical stresses on the bone-implant interface structure. Figures 8 and 9
describe the Von Misses and shear stress distribution at the upper edge bone to
implant interface for Model 1, which does not contain a blood clot. It is seen that
implants with partial ring (3 wings) and full ring exhibit lower stress values compared to
a classical cylindrical implant. The implant with a full ring has the lower stress
distribution at all circum axial angles.

The implant displacement due to oblique load is shown in Figures 10 and 11 for
classical and SATURN like implant with full ring FEM models respectively. It is shown
that the Saturn implant is more stable since the implant maximum displacement is
40% less then the classical implant. Also the implant inclination is reduced due to the
added wing, which successfully transfer load across the blood clot.

4. Summary
This study showed that adding a ring either partial or full at the upper part of the

implant reduces and shifting the stress concentration away from the bone—implant
interface in comparison with a classical cylindrical implant. It was also seen that a full
ring has higher influence on the above stress distribution also in the case were partial
of the bone interface contains blood clot. The added wing also increases the implant
stability especial in the case were the bone has a blood clot in the bon-implant

interface.
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Figure 8: Peripheral Stress Distribution at Cortical to Implant Upper Interface at
Oblique Load, Models 1.1,1.2 & 1.3
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Figure 10: Classical Implant Displacement Due to Oblique Load of 200[N] at 20 deg
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