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The research explained in this paper is about the mechanical principle applications on regulated form and
function, forces, motion of teeth and dental implant — influencing the implant length and bone quality — in
biomechanics engineering modeling in dentistry. The non-linear finite element method was employed as an ad-
vanced computer technique of structural stress analysis tool for biomechanics modeling using mechanical, mathe-
matical, and biological definitions and concepts. A finite element model of dental implant with accurate geometry
and material properties was developed to make realistic investigations on the implant biomaterial properties and
mechanical behavior of new dental implant. The finite element models with non-linear contact elements were used
to simulate an interface fixation within the implant system and the sliding function of the non-rigid connector.
This research showed that implant design influences force transmission characteristics in peri-implant bone and
mechanical signals affect bone tissue differentiation. Hence, it is important to control biomechanical loads on dental
implants to maintain osseointegration and to promote early bone—implant interface healing. The results of this
analysis are helpful for implant biomaterial selection and design for clinical interest.
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1. Introduction

Biomechanics is one of the main factors for achiev-
ing long-term success of implant supported prostheses.
Dental implants are used to provide mechanical support
to a superimposed and crown, for daily chewing loads.
Long-term failures mostly depend on biomechanical com-
plications. It is important to distinguish the effects of
macro design of the implants [1]. Over the past three
decades, significant advances have occurred in the clini-
cal use of oral and maxillofacial implants. Statistics on
the use of dental implant reveal that about 300,000 den-
tal implants are placed per year [2]. Dental implants
are currently used to replace missing teeth, to rebuild
the craniofacial skeleton, to provide anchorage during or-
thodontic treatments and even to help new bone forma-
tion in the process of distraction osteogenesis [3]. Bio-
compatible titanium and titanium alloys materials are
used for dental implants for their excellent corrosion re-
sistance and suitable mechanical properties [4]. Although
titanium implants available commercially at present have
got many disadvantages such as mismatches between the
elastic modulus of the implant and of the bone, different
bonding strength between the implant and the bone [5].
A stress shielding or concentration can be easily induced
on the interface and results in a potential risk to the
long-term stability of the implant [6]. The success or
failure of an implant is determined by the manner how
the stresses at the bone-implant interface are transferred
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to the surrounding bones. It is important to comprehen-
sively navigate the various factors controlling the success
of dental implants [7].

Computational model in this research has been used to
better understand many factors affecting the biomechan-
ical behavior. The model proposed in this study and the
experiments that were performed highlight the fact that
the non-linear behavior of the implant is not only due to
its mechanical properties but also due to its geometry.
As a consequence, for further investigations, it seems im-
portant to take the specific geometry into account. The
use of a linear constitutive law can simplify the numer-
ical models, and consequently decrease the computation
time.
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Fig. 1. Research concept area: design factors for den-
tal implant in biomechanical engineering of dentistry.

A dental implant has a body with a press fit diameter
to fit into a hole drilled into a patient’s jaw bone, and
has a helical groove machined into the body diameter
to improve the rate of growth of bone tissue therein to
securely lock the implant in position [8]. The purpose
of this study was to investigate the implant biomechan-
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ics factors: the stress distribution, forces applied, and
control of loads on dental implants. Research concept
is demonstrated as design factors for dental implant in
biomechanical engineering of dentistry in Fig. 1.

2. Implant design: materials and method

During the application of the dental implant all pro-
cesses are followed as shown in Fig. 2. First metal im-
plant is located, then abutment screw is placed. Crown
prosthesis is situated on top of the whole implant system.
The biomaterial surface interacts with water, ions and
numerous biomolecules after implantation. The nature of
these interactions, such as hydroxylation of the oxide sur-
face by dissociative adsorption of water, formation of an
electrical double layer and protein adsorption and denat-
uration, determine how cells and tissues respond to the
implant [9]. The interactions in implant model aimed to
provide a good surface quality and optimum mechanical
strength.
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Fig. 2. Application of the dental implant.

An analysis was started from the application of the
load on the implant. As a result of an analysis, the
distribution of stresses over the contact surfaces of both
components of the implant was demonstrated in Fig. 2.
It was observed that the stresses developed during both
conditions were well within the limits and the implant
was reliable for use in human beings. This study has de-
veloped a series of predicative finite element analyses [10]
of implant design, which incorporate the implant, crown,
screw to model the mechanical characteristics of all three
layers as shown in Fig. 2.

In Fig. 3, a model of a morse-taper oral implant and a
solid abutment was constructed separately. The implant—
abutment complex was embedded in a ¢ 1.4 cm acrylic
resin cylinder. Vertical and oblique forces of 55 N were
applied on the abutment and solved by two different
analyses. First, contact analysis was performed in the
implant—abutment complex to evaluate implant. Then,
the components were bonded with a separation force of
15 N to analyze an implant.

The applied forces to the implants, developed moments
and its directions, and preloaded forces are presented in
Fig. 3. An implant in this research is defined as a me-
chanical system designed to transmit occlusal forces on
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Fig. 3.
dental implant.

Applied biomechanical forces research in real

a prosthesis through an abutment and implant to the
surrounding bone. Titanium materials were assumed to
be homogeneous, isotropic and linearly elastic in this re-
search [7]. The bone-implant interfaces were assumed
to be completely osseointegrated. The sides and bottom
of bones were set to be completely constrained, and the
boundary conditions were extended to the correspond-
ing node. Multi-constraining was imposed on implant to
limit the freedom of the roots. The forces produce mo-
ments, about the screw joint in the screwed abutments.
The vertical forces act about the centerline of the im-
plant. Horizontal or lateral forces act about the plane
of the abutment and implant interface. Dynamic load-
ing was loaded to evaluate the implant-bone model. The
implants were assumed to be under an axial force of 55—
200 N and a lingual force of 30 N in the angle of ap-
proximately 45° to the occlusal plane. The relationship
between applied torque and preload depends on several
factors: material properties, particularly stiffness, sur-
face texture, and condition of the mating surfaces, etc.

The stress distribution in the bone zone of the implants
is represented in Fig. 4. There are high stress zones in
the junction of the porous layer and the dense body. In
the bone zone, the interface stress decreases from top
to bottom, and increases at the root apex. Figure 5
shows that the maximum stress magnitude to complete
the von Mises stress joint pattern in the research model
was 115 MPa during screw tightening, and was reduced
to 108 MPa with removal of the wrench.
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Fig. 5. Von Mises stress in implant under different
forces.

The axisymmetric approach, where a cross-section can
be meshed with large number of elements, provides op-
timal use of computing resources. The implants and
abutments are modeled as titanium with linear-elastic,
isotropic and homogeneous properties. Various spe-
cific stress patterns were identified within all elements
of the implant complex during the assembly simula-
tion. The numeric results showed that the equivalent
von Mises stress on the mini screw under a 197 N tan-
gential load reached 39 MPa at the first thread reces-
sion, whereas von Mises stress in the peri-implant bone
only reached 14 MPa below the neck. High tighten-
ing loads of 185 N mm of torsion and 317 N of axial
compression resulted in much greater bone and implant
von Mises stresses than tangential loading, exceeding the
yield strengths of the titanium alloy and the bone.

3. Conclusions

Dental implants are valuable devices for restoring lost
teeth. Implants are available in many shapes, sizes and
length, using a variety of materials with different surface
properties. Biocompatible titanium and titanium alloys
materials are used for dental implants for their excellent
corrosion resistance and suitable mechanical properties.
A finite element model [10] was created based on the

physical properties of an implant number 5 presented for
all implant—abutment-bone systems in Fig. 3. The values
of the von Mises stresses generated in the crown prosthe-
sis, abutment, implant, and supporting bone were calcu-
lated. This model can be adapted as a patient-specific
clinical implant tool for planning movement of one tooth
or several teeth. In this study, an increase in the implant
diameter decreased the maximum von Mises equivalent
stress around the implant neck more than an increase in
the implant length, as a result of a more favorable dis-
tribution of the simulated forces applied. Hence, it is
important to control biomechanical loads on dental im-
plants to maintain osseointegration and to promote early
bone—implant interface healing.
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