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Abstract. Dental implantology is one of burgeoning methods of teeth loss reconstruction. Because each
patient is different, there are still many problems to be solved. One of them is occurrence of prosthetic
crown overhangs. The overhangs increase the stress value and risk of the glue shattering, causing a crown
fall out and requiring another implantologist’s appointment. The aim of the study is to assess the stress
value generated in the dental implant using Finite Elements Method and simplified models.

1 Introduction
Nowadays, a continuous increase in demand for dental
implantology services is observable. Dentistry which is
dealing with the methods of replenishing teeth loss, is
one of the fastest flourishing area of medicine. The first
world-spread information about tooth implants have
been realised merely 30 years ago, when the scientist
named Per-Irvin Brånemark published a scientific paper
about this subject. As a first person describing this issue,
he focused on osseointegration problems and trouble
connected with metal implant screw integration with
animal bone [1]. The paper concerned not only esthetical
values of implantology, which still are the main reason
for any patient to opt for a dental implant as a method of
dental treatment. It has also begun research in
osseointegration and became the initiation of works on
biology aspects of implant installation. Additionally,
there is a group of mechanics, carrying out their research
on the mechanical aspects of teeth loss in oral cavity
treatment process. This is their contribution to constant
development of dental implantology and introduction
fundamentals of new discipline named biomechanics.
There are still many problems to solve for dentist and
biomechanics around the world. The methodology of
dental implant installation process is sufficiently
advanced to guarantee the reliability and safety of
implant use [2], but there is a lot of unquestioned issues,
especially with individual patients’ cases.
The success of implantation therapy depends on
many factors. The most important are [3-5]:
- the progress of the installation process affecting
implantation stabilisation,
- the progress of the osseointegration process (that is the
integration between the implant and the patient’s bone),
- the quality of patient’s bone,
- appropriately selected dimensions of the implant screw.
*

The aim of this study is to present the stress level
generated into a dental implant construction. The Finite
Element Method was used with a simplified model of
dental implant with a selected range of prosthetic crown
overhangs sizes.
The use of FEM in silico research is becoming
increasingly popular [6]. This method works well in the
very first step of teeth replenishing – treatment planning.
Finite Elements Method supports the initial evaluation of
the treatment success level, before the operation on the
patient [7]. At the computerisation stage it is possible to
eliminate the possible problems related to choosing the
wrong implant geometry or unsuitable prosthetic crown
overhangs size and shape. It also enables optimisation of
the implantation system [8].
Commonly used implant system consists of
following elements: abutment, connecting screw,
implant screw (fig. 1). Prosthetic crown is connected to
abutment by adhesive.

Fig. 1. Dental implantation system with its parts [9].
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The level of success in treatment depends on plenty
of dependences and factors, of course. First, there is an
implant stability problem and every trouble connected
with the patient bone and the implant installation. The
Finite Element Method could be helpful assuming that
every process is proceeding correctly. It can be only used
to help in assessment of the decision, either using
selected implant geometry or changing it at the very
primary stage of treatment.

Research includes one-side overhang in sizes of 0mm
and 3mm. Fig. 3 presents the parts of implantation
system for crown without overhang. Fig. 4 shows the
parts of implant system for crown with 3mm overhang.
Furthermore, the parts are divided for elements and
prepared to the Finite Elements Method analysis.

2 Methods and materials
2.1. CAD Modelling
Dental implant is a screw usually made from a titanium
alloy. It is screwed directly into the patient mandible or
maxilla. After the recovery process (approximately 3-6
months), the implant becomes a support for the
prosthetic crown.
There are two kinds of dental implant: one-piece and
two-pieces. They are different in terms of their
construction and installation processes. Two-pieces
implant consists of implant screw and separated
abutment, which is connected to implant by connecting
screw and becomes a pillar for the crown [10]. The onepiece implant consists of one element – implant and
abutment belong together and are inseparable.
One model was used to the Finite Elements Method
analysis. Two-pieces implant model was common in
screw length and diameter. Model was designed such as
real implants manufacturing by CAMLOG® Company.
Autodesk Inventor Professional 2017 has been used to
CAD modelling.
Model length and diameter are: l=16mm and ø=6mm
(fig. 2). Selected geometry is an image of screw
geometry offered by CAMLOG® Company in their
implantation systems [10].
The overhang is a part of crown which is beyond the
implant screw. There are two kinds of overhangs:
- one-side – the overhang is only on one side of implant
screw,
- two-side – the overhang is on two sides of implant
screw.
Premolars and molars teeth as five, six, seven or
eight are quite large and much larger even than the
ø6mm which is the biggest diameter among CAMLOG®
implants [10]. It is a natural matter for those teeth. There
is a problem when the overhang is too wide – especially
on one side. Then the impact of force in jaw is strong
enough to shatter the adhesive. This is the reason why
the crown can fall out, which leads to a necessity to visit
dentist again and change the prosthetic crown shape and
adhesive it on abutment one more time. Repeated visit
does not ensure a successful treatment. New tooth crown
very often falls again and there is a need to see a doctor
for several times. Overhangs are amongst the most
problematic issues in implantology, as well as
osseointegration trouble, implant stabilisation or implant
installation problems, or lack of bone to qualify the
patient to operation.

Fig. 2. Dental implant model without tooth crown.

Fig. 3. Dental implant system parts, where A – implant screw,
B – abutment, C – connection screw, D – adhesive layer, E –
prosthetic crown without overhang [11].
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chromium in larger amounts (12 ÷ 30%) provides
corrosion resistance. Cobalt increases hardness of steel
[17].
The RelyX Unicem dental adhesive is the most
commonly used adhesive by implantologists. It is a
composite cement characterised by the absence of
etching of the glued surface. It only needs rinsing and
drying. This is a self-etching adhesive, so it is less
durable than bonding materials requiring special surface
preparation [18]. However, the lack of eugenol in glue
content and zinc oxide base make the product extremely
versatile. It can be used not only for adhesiving a tooth
crown on an abutment, but also as a precise replacement
for cavities. The adhesive provides a strong bond to
tooth and dental materials [19].
The most frequently used material for dental crowns
is zirconium oxide. Research on its use in dentistry dates
back to the 90s of the twentieth century [20]. Zirconium
oxide has many positive aspects that are used in
dentistry. The most important of these are: corrosion
resistance, mechanical strength, high hardness and the
highest bending strength of dental and prosthetic
materials [21]. Due to zirconium oxide high costs,
standard dental ceramic becomes more and more
popular. Its properties are eligible enough to perform an
operation. It is cheaper and this material is adopted to
analysis.
Each item of implant system was assigned to the
appropriate material. The properties are shown in the
table 1. Ti6Al4V ELI is material for dental implant
screw, cobalt-chromium alloy for abutment and
connection screw, adhesive for adhesive connection
between abutment and tooth crown and dental ceramic is
for tooth crown.

Fig. 3. Dental implant system parts with elements, where A –
implant screw, B – abutment, C – connection screw, D –
adhesive layer, E – prosthetic crown with 3mm one-side
overhang [12].

2.2. Material properties
It was assumed that the implant was made of titanium
and more specifically, the titanium alloy named
Ti6Al4V. This material is very popular and used by
CAMLOG® because of good strength properties and no
negative impact on the human body [10]. This alloy is
characterised by greater resistance to fatigue compared
to pure titanium. It is also indifferent to the difficult
conditions prevailing in human oral cavity [13]. Those
are very eligible properties for biomaterial.
However, at present titanium alloy Ti4Al4V is less
often used due to the content of vanadium in its
composition. There are several reports on hazardous
effects of this material on a human body [14]. As
replacement for this type of alloy, the Ti6Al4V ELI alloy
is becoming increasingly popular. The content of
harmful elements is reduced in this alloy [15]. In terms
of material properties, both alloys do not differ from
each other. Their modulus of elasticity and Poisson's
ratios needed for research remain at the same level [16].
Any change of material does not affect obtained results.
It has an impact on patient's condition.
Cobalt-chromium alloy is the most commonly used
metal material in metal construction, for instance
abutment and connection screw. Young’s module is on
high level which is 220 GPa [7]. The material is mainly
valued for its anti-corrosive properties and no negative
impact on the human body. The chromium content
increases the hardness of steel and has a significant role
in the alloys used for prosthetic tools. This application of

Table 1. Material properties [7, 13, 22].
Material
Ti6Al4V ELI
Cobaltchromium alloy
Adhesive
Dental ceramic

Young’s
Modulus [GPa]
E=110

Poisson’s ratio
ʋ=0.32

E=220

ʋ=0.3

E=3.9
E=61.2

ʋ=0.35
ʋ=0.19

2.3 Boundary conditions
The analysis was carried out for few forces [23]:
- 20N – force for chewing food,
- 100N – popular force repeated in literature,
- 157,7N – force acting on premolar tooth no. 35 [5],
- 196N – force acting on molar tooth no. 36 [5],
- 200N – maximum bite force in healthy human jaw,
- 500N – maximum bite force in unhealthy human jaw
(bruxism).
There were six analyses of crown without overhang
model and consecutive six analyses for crown with
overhang model. Force was set perpendicular to the
corner of overhang at implant models with overhang
crown. For tooth crown without overhang, force was set
perpendicular to the crown surface (green arrows in the
fig. 4).
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Glued contacts were used as a connection between
elements of FEM model.
The linear analysis was carried out in FEMAP
program with NX Nastran modulus implemented inside.
The nonlinearity geometry was not taken into
consideration, because there was no need for that.
Discretisation of each object for finite elements was
conduct in FEMAP program also. There were 37296
tetra-shaped elements for model without the overhang
and 38298 for model with overhang.
Both models were constrained along the dental
implant screw surface. Models were fixed to facilitate
research and keep behaviour of dental implant after
correct osseointegration process with the bone. Black
triangles correspond with fixed constrain of each model
in the fig. 4.
Fig. 5. Result for section of dental implant without overhang
for 200N.

3.2. Model with one-side overhang
In the fig. 6, the stress analysis of tooth crown with
overhang is depicted.

A:

B:

Fig. 4. Models boundary conditions, where green arrows show
the load place and direction and the black triangles represent
the fixed constrains. A – model without the overhang, B –
model with one-side overhang.

Fig. 6. Result for dental implant with 3mm one-side overhang
for 200N.

The maximum stress, according the Huber-Mises
hypothesis, is in a part of model between the abutment
and implant screw.

3 FEM stress analysis
3.1. Model without overhang

4 Results and conclusion

In the fig. 5, the stress analysis of tooth crown section
without overhang is presented.
The maximum reduced stress, according the HuberMises hypothesis, is in an upper part of model – between
the abutment and adhesive layer. There are also results
for side part of connection between implant screw and
abutment. It comes from the specific shape of abutment
characteristic for CAMLOG® implant system.

The results of linear stress analysis are compared in the
table 2. The most precarious results are for 500N force.
This force is assign for ill people with occlusion
parafunctions, such as bruxism. Generally, this group of
patients is not qualified for dental implant treatment;
nevertheless, after medical consultation and positive
opinion, they could be considered for replacement of the
teeth loss using implants.
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