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Influence of external geometry of Morse dental
implant on stress distribution

Abstract

Roberto Brunow LEHMANN*
Carlos Nelson ELIAS**
Marco Aurélio ZUCARELI***

Objective: To evaluate two proposals of external geometry of dental implants observing the influence on the

stress distribution. Methods: It was performed the evaluation by finite elements of prototypes of dental im-

plants with different external geometric shapes submitted to different conditions of loading (axial, inclined to

15° and inclined to 30°). Results: The stress increased as the loading became more inclined. The conical geom-

etry showed itself more stable and transmitted less stress to the bone. Conclusions: |) The system with conical

dental implant transmits lower stress to the bone and to the dental implant; II) the safety factor of the implants

is high suggesting it supports loadings more aggressive in intensity and direction; II) as the loading becomes

more inclined, i.e., the components of the lateral forces increase, the stresses on the bone and on the prosthetic

components increase; 1V) for all simulations, the systems behaved appropriately so there is no indication of de-

formation or fracture on the prosthetic components or even bone resorption due to overload.
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The Finite Elements Method (FEM) is regularly used
for stress analysis in works of Dentistry."?3 Through
computational tools it is possible to foresee the error
as well as its location from the conditions of contour
imposed on the model. The facility for obtention of re-
sults as well as its promptitude makes the FEM inter-
esting in several departments as Dentistry, Implantol-
ogy and Periodontics. There are works in literature*>®
that evaluate the geometric variation of the screw
threads of the implant. It was observed significant dif-
ferences on the stress levels with the geometric varia-
tion. The results show that implants with slight cur-
vature and lower depth threads present lower stress
level* and there is greater concentration of stress on
the first thread of the screw.>® From the mechanical
point of view, the analysis of the efforts transmitted on
the interface bone-implant is essential to foresee the
success of the osseointegrable dental implants. The
overload may cause bone resorption or even failure.”®?
On the other hand, a low intensity load may cause at-
rophy and subsequent bone loss.”® The higher levels
of bone stress are located on the marginal region of
the implant, being considerate a critical region."?3 In
the present study it was performed the analysis by fi-
nite elements through the three-dimensional models
of dental implants prototypes [AR-Torg and Flash] and
with variation on the direction of the equivalent load-
ing to observe the behavior of both systems. Each one
of these systems has different characteristics on its
external geometry of the dental implant and, through
the variation of loading, it is intended to evaluate the
mechanical behavior of both systems.

For the performance of the simulations it was used a
microcomputer with Pentium Quad Core 6550 proces-
sor, RAM memory of 8GB and hard drive of 1,75TB.
All dimensions used for the dental implants and
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prosthetic components were provided by Conexdo
Sistemas de Prétese (Aruja, Brazil) and refer to the
prototypes that were in development with trade name
AR Torg and Flash. Its characteristics can be followed
on Table 1. The implant Ar-Torqg is cylindrical self-
threading, has indexed Morse, double screw and coni-
cal apex (Fig 1A). The Flash implant has cone Morse
indexed and it is conical, has progressive thread with
high cutting power and according to the manufacturer,
it increases the superficial area and primary stability
in relation to conventional implants (Fig 1B). Normally,
the wall thickness of implants with internal connec-
tions limits the insertion torque and the axial loads
supported are lower. The diameters of the evaluated
implants were of 5 mm and length of 10 mm.

The cortical and medullary bones were modeled on
the program ANSYS Workbench, version 11. The sim-
plified dimensions of the bone were the available in
literature'®®, Each component (implant, pillar, fixation
screw of the pillar, cortical bone and trabecular bone)
was modeled separately to allow the independent visu-
alization and to verify the level of stress based on the
color scale provided by the program. According to pro-
cedure adopted on the simulations by finite elements,

it was considered the following simplifying hypothesis:

Table 1 - Differences of systems used on simulation.

Implant Ar-Torq Flash
Screw Double Double
Screw profile Triangular Trapezoidal
Pitch of screw 0.6 0.8

Apex Conical Conical
Body Cylindrical Conical
Coronary Coronary Micro partial screw
Mills ammount 4 2

Mills profile Parallel Helical
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Figure 1- Implant with NP platform used in simulation: A) Ar-Torq and B) Flash.

The materials were considered homogeneous, isotro-
pic and linearly elastic. It was considered the implants
manufactured in titanium commercially pure ASTM,
degree 4 (ASTM F67); the pillar in titanium commer-
cially pure ASTM, degree 2 (ASTM F67); and the fixa-
tion screw of the pillar in titanium, degree 5 (ASTM
F136). The properties of the cortical and trabecular
bones were the available in literature®™, which are
displayed on Table 2. For analysis of results, the com-
pany Conexao Sistemas de Prétese released the tech-
nical information of the titanium provider on different
categories of purity.

For the creation of the mesh, it was used the automat-
ic system of the program with some changes on pre-
programmed definitions by Ansys. The growth factor
of the element was altered to prevent distortions on
numeric results, besides proceeding to a local refin-
ing on the region of the interface implant-bone, con-
sidered a critical point. The finite element used was
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Table 2 - Mechanical properties of materials used.

Material Modulus of elasticity Poisson’s ratio
((<1:))
Titanium 110.00 0.35
Cortical bone 13.70 0.30
Trabecular 137 030
bone

tetrahedral type. The contacts were defined as “bond-
ed”, i.e., it does not allow relative motion between
pieces. The purpose of this choice was to determine
a rigid union between volumes of the model. Regard-
ing the number of elements and knots of the models,
there was respectively 32988 and 63317 for the Ar-
Torq system and 33671 and 61220 for the Flash sys-
tem. According to data in literature,"?31941° the load-
ings used in the present work were of TO0QN"23101519
applied in three directions: axial, inclined to 15°'and
30°2% in relation to longitudinal axis of the implant.
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Besides the loading on the system, it was also ap-
plied the torque of 30N/cm of threading of the fixation
screw of the pillar (pre-load), following the protocol
suggested by the company. The simulation was multi-
step, i.e., first it was applied the torque on the screw
and then it was applied the loading on the system.
The constraint to motion was implemented on exter-
nal areas of the cortical bone (Fig 2, in blue) to allow
liberty of the system (implant and component). From
the definitions, it was possible to use the program to
calculate Von Mises equivalent stress on bones and on
components of the implants systems.

Results
For analysis of results, it was used Von Mises equiva-

lent stress. The stress values calculated on simulations

00 10000 om
[
2500 Tam

Figure 2 - Loads and restriction of simulated models.
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are shown on Table 3. It was determined the maximum
stress transmitted to the bone as well as maximum
stress on implants and components (pillar and fixation

screw of the pillar).

On figures 3 to 5, it will be shown only images with
stress distribution to the implant, cortical bone and
trabecular bone on three different directions of load-
ing. On the top of the images, it is found the results
for the Ar-Torg system and on the bottom the results
for the Flash. All figures were organized so that on the
first column are the results for the axial loading, on the
second column for the inclined to 15° loading and on
the third column for the inclined to 30° loading.

To analyze the possibility of fracture of the implants
and components, it was proposed to create a safety
factor (SF) for different conditions of analysis. The SF
is calculated through the relation between the value
of stress in each point (g) divided by the outflow
limit (o) of the material used on manufacturing. Us-
ing these criteria it was created figures that show val-
ues of the relation local stress and outflow limit (SF =
Ge/ GL). It is shown on Figure 6 the values of SF calcu-
lated for different regions of the implant with loading
inclined to 30°, this is the loading that presented the
most critical condition.

Table 3 - Values of von Mises maximum stress (M Pa) calculated on simulations of loading of several components of the models used.

Direction of the applied force

Platform Ar-Torq Flash
Implant 172.4 143.41
Pillar screw 350.2 350.3
Pillar 115.6 230.18
Cortical bone 15.3 13.79
Trabecular bone 2.2 1.48
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Inclined 15° Inclined 30°
Ar-Torq Flash Ar-Torq Flash
196.1 146.84 226.9 169.71
350.7 354.62 351.2 358.54
119.6 274.22 144.7 316.19
17.9 16.49 23.6 20.16
2.7 1.56 3.2 1.85
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Inclined 15° Inclined 30°

Ar-Torq

Flash

Figure 3 - Von Mises stress on implant with platform Ar-Torq and Flash on three directions.

Inclined 15° Inclined 30°

Flash

Figure 4 - Von Mises stress on cortical bone on the system with implant Ar-Torq and Flash on three directions.
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Inclined 15°
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Inclined 30°

Figure 5 - Von Mises stress on trabecular bone on the system with implant Ar-Torq and Flash on three directions.

A
Figure 6 - Safety factor for implants (A) Ar-Torq and; (B) Flash.

Discussion

Considering that the dimension of the implants with
internal prosthetic connections are more critical than
conventional implants with external hexagon, on the
present work the simulations were performed with
implants with trade name Ar-Torg and Flash that
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contain internal hexagon. The intention to verify the

influence of external geometric variation of dental im-
plant is proven justified in previous work where it was
used an asymmetric two-dimensional model to study
the influence of the screw thread shape in relation
to stress levels. It was found significant differences
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showing that the geometric variation of the model
does influence on the distribution and on stress levels,
proving that the ideal is to use implants with threads
with slight curvature and lower depth.? The study of
the differences of geometry and loadings applied was
also explored in another work?? that compared five
systems of commercial implants. It was concluded
that the error occurs on the marginal region of the im-
plant, on the cortical bone and in compression. From
the loading point of view, on literature it is possible
to find experimental values of the bite force deter-
mined with electric extensometer.™ It is known that
this force increases during period of adaptation of the
prosthesis. For computational simulation, most works
presented in literature consider axial loadings'?310151°
of TOON but some works consider the inclination of
the equivalent loading to 15°™' and 30°.2° Literature
presents study with simulation of finite elements
where the model was submitted to a variation on the
cusp inclination.?® It was concluded that it is better to
have a lower inclination of the cusp to obtain lower
stress on the system bone-implant due to reduction
of the force lateral components. This way, the choice
of loading used in this work is relevant in relation to
its intensity and direction. Through the use of simula-
tions it is possible to observe the mechanical behav-
ior of the prosthesis and estimate the success of the
components before being commercialized. It is always
sought to obtain values of stress lower than the mate-
rial outflow limit to guarantee that there will not be
plastic deformation of the components. Literature
shows that the bone must be submitted to maximum
stress of 167Mpa, this is the limit value to initiate the
bone reabsorption.?* This way it is possible to evalu-
ate quantitatively the error possibility and qualitative-
ly through figures with color gradient, the location of
error occurrence of the implants systems. Regarding
the evaluated prosthetic systems in the present work,
it was not observed values superior to the limit of
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material outflow, showing that there will not be plastic
deformation or fracture of the implants or any other
component for loads of TOON on three implemented
directions. It was also evidenced on figures 3,4 and 5
that the inclination of equivalent loading has influence
on the stress distribution, as well as on its intensity.
It was possible to observe on figures 4 and 5 that the
values of the stress transmitted to the bone varies ac-
cording to the loading used and to the type of den-
tal implant evaluated. As the loading becomes more
inclined, i.e., the components of the lateral forces in-
crease, the stress on the bone and on the system also
increase. Besides the method of finite elements, study
involving photoelasticity was implemented to evalu-
ate implants with different geometries.?>% |t was veri-
fied that for loading with components of lateral forces,
the stress are greater than for vertical loadings. This
is due to reduction of bending moment created. In re-
lation to the two types of dental implant evaluated,
the Flash system transmits lower stress to the cortical
bone, trabecular bone and to the dental implant. The
fixation screw of the pillar had very similar behavior.
For the pillar the behavior was the opposite, i.e., there
was a greater effort on this component for the system
with the implant Flash, however, in imposed condi-
tions for this model, this effort does not influence the
loss of component once the stresses were inferior to
the limit of this material outflow. For analysis of safety
factor, it was observed that both systems have high
safety factor and would need a loading of 3 or 4 times
more intense to begin to deform or components of
laterality greater than 30° to intensificate the shear
stress. According to what is shown on figure 6, for the
loads used in this work, both systems presented high
mechanical efficiency and the stress distribution was
very similar for loadings on the same direction. For all
simulations performed, the levels of stress show that
there will not be bone resorption due to overload for
being below the limit indicated on literature.?*
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Conclusion
Based on the performed computational simulations, it
can be concluded that:
1. The system with dental implant Flash transmit
lower stress to the bone and dental implant.
2. The safety factor of the implants is high suggesting
it supports loadings more aggressive in intensity

and directions.
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