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Abstract: Prosthetic rehabilitation of partial or total edentulous patients is today a challenge for clinicians and 
dental practitioners. The application of dental implants in order to recover areas of missing teeth is going to be a 
predictable technique, however some important points about the implant angulation, the stress distribution over the 
bone tissue and prosthetic components should be well investigated for having final long term clinical results. Two 
different system of the prosthesis fixation are commonly used. The screw retained crown and the cemented retained 
one. All of the two restoration techniques give to the clinicians several advantages and some disadvantages. Aim of 
this work is to evaluate all the mechanical features of each system, through engineering systems of investigations 
like FEM and Von Mises analyses. The FEM is today a useful tool for the prediction of stress effect upon material 
and biomaterial under load or strengths. Specifically three different area has been evaluated through this study: the 
dental crown with the bone interface; the passant screw connection area; the occlusal surface of the two different 
type of crown. The elastic features of the materials used in the study have been taken from recent literature data. 
Results revealed an adequate response for both type of prostheses, although cemented retained one showed better 
results over the occlusal area.
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Introduction

Finite element analysis (FEM) has been adopt-
ed in solving complicated geometric problems, 
for which it is very difficult to achieve an analyti-
cal solution. This method is performed to indi-
cate mechanical aspects of biomaterials and 
human tissues that can be measured in vivo. 
During the last 30 years, FEM was widely utiliz-
ing for the prediction of stress effect on the 
implant and its surrounding bone. The method 
in which stresses are transferred to the sur-
rounding bone play a key for long-term success 
of dental implant. Many factors plays an impor-
tant role in load transfer from dental implant to 
bone: loading modality, bone-implant interface, 
length and diameter of the implants, shape and 
characteristics of the implant surface, prosthe-
sis type, quantity and quality of the surrounding 
bone. Human bone tissue and its response to 

the mechanical forces distribution are difficult 
to simulate. The complexities of the mechanical 
characterization of bone and its interaction 
with implant systems have forced researchers 
to make major simplifications. Osseo-integra- 
tion is biological process well described in liter-
ature. Firstly Branemark showed predictable 
options for treatments ranging from the replace-
ment of single tooth to complete arch restora-
tions in titanium implant connected with the 
bone tissue [1, 2]. The long-term clinical suc-
cess of the implant therapy is connected to 
their connection into newly formed bone and to 
a correct biomechanical placement of those 
devices in the atrophic jaws. The normal events 
of bone healing may failure if the implant is 
loaded before the new bone formation or if  
the stress distribution follows not balanced 
strength. In that case, a fibrous scar repair tis-
sue with hard tissue resorption and consequent 
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clinical failure may happen. Bone resorption 
process affects mainly the implant neck region 
and can be activated by surgical trauma, bacte-
rial infection, clustering effect or overloading of 
the bone-implant interface [2].

Recent studies [3, 4] have shown that techni-
cal-mechanical problems are the most com-
mon cause of dental implant failure of partial 
prosthesis supported by implants, which 
recorded in the 38.7% of cases. Among these, 
the 32% are late prosthetic complications such 
as fracture of the prosthetic veneering, screw 
fracture or loss of cemento retention.

Moreover, the patient does not perceive the 
occlusal overload on an implant structure with 
painful symptoms because of the lack of the 
natural teeth and its mechanical receptors in 
the periodontal ligament. Nerve fibers in the 
bone, mucosa, periosteum and muscle trigger 
a compensatory mechanism defined ‘boneper-
ception’ [4] that can only partially compensate 
the mechanical negative feedback of the peri-
odontal ligament. For this reason, every pros-
thetic implant system is exposed to a greater 
risk of biomechanical overload. Therefore, the 
biomechanical implant system and the evalua-
tion of masticatory loads in the maintenance of 
tissue physiology have a relevant, both epide-
miological and clinical, value. This experimental 
study has the objective to compare the two 
types of implant prosthetic connection, screwed 
vs. cemented, from a biomechanical and engi-
neering point of view [1, 5]. Authors analysed 
the static tension upon the prosthetic-implant 
system after the application of the same 400 N 
axial force with a direction from the top to the 

bottom, using the finite element method which 
allowed to performance a comparative analysis 
of the stress distribution in the whole system in 
relation to the type of prosthetic connection 
used.

Material and methods

The relationship between chewing/deglutition 
is connected to the quality and quantity of the 
masticatory loads. Direction, intensity and fre-
quency (working cycles) of loads have to be 
considered for a correct evaluation of the force 
distribution. The analysis was performed on 
single tooth dental implant and prosthetic 
crowns in order to point out possible failure 
related to the fracture of structural compo-
nents or to overload on bone tissue (Figures 1 
and 2).

Tow informatics programs to recreate the virtu-
al three-dimensional CAD model have been 
used: (1) Siemens NX: it is an integrated prod-
uct design solution that simplifies and acceler-
ates the development process, providing the 
highest level of integration between different 
disciplines. (2) Creo Elements/Pro: a three-
dimensional parametric CAD modeler created 
by Parametric Technology Corporation (PTC). It 
is a system-oriented approach that uses a 
mechanical feature-based and offers modeling 
capabilities of hybrid and solid parts, assembly 
modeling, and creation of engineering draw-
ings. The analysis process was then divided 
into two stages: Pre-processing: construction 
phase of the finite element model; and Post-
processing: processing and representation of 
the solutions.

Phase pre-processing

Represents the modelling phase, in which the 
information passed from the physical system to 
a mathematical model, extrapolating from the 
same number of variables and “filtering out” 
the remaining ones. The physical system, 
though complex, can be broken down into sub-
systems. The subsystem will then be divided 
into finite elements to which is applied a math-
ematical model. Unlike analytical treatises, it is 
sufficient that the mathematical model chosen 
is appropriate to the simple geometry of finite 
elements.

The choice of an element type in a software 
program is equivalent to an implicit choice of 
the mathematical model that is the basis.

Figure 1. 3D CAD model after the reverse engineer-
ing process.
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To get to the finite element model several basic 
steps should be followed, in order to involve the 
insertion of errors in the final solution.

Reverse engineering

The technique aimed at the creation of the CAD 
model of the physical object to be achieved, by 
digitizing the surface, editing and filtering of 
measured data, segmentation and creation of 
the corresponding mathematical models.

You can also reconstruct specific parts of an 
object, which you want to particular analyses.

In our study, in fact, both the dental implant 
with all its components was recreated. 
Moreover, the system is isolated with single 
screw passing through the abutment and the 
prosthetic crown (Figures 3 and 4).

The main dimensions are deducted from the 
implant-prosthetic components and made real 

benchmarks: Modulus of elasticity: 17.300 
MPa; Poisson’s ratio: 0.3; Bone density: 1,800 
kg/m3; and Compressive strength: 190 MPa.

These values imply, at the start, a considerable 
approximation (Tables 1-4), since the charac-
teristics of the bone tissue are so variable and 
dependent on the individual biotype, which are 
neither standardized nor classifiable by any 
investigation FEM.

Choice of materials

In this experimental study we chose titanium 
grade 4 for the construction of the plant, the 
abutment screw and abutment. For prosthetic 
crowns the choice fell on feldspathic porcelain.

The properties of materials have been speci-
fied in terms of Young’s modulus, Poisson’s 
ratio and density. The different physical behav-

Figure 2. Model of the implant screw and other component. A: Virtual Model; 
B: Original Model; C: Abutment; D: Passant connection screw.

by the small details of their 
physic-chemical characteris-
tics provided by the scientific 
literature and catalogues.

The objective is to frame and, 
therefore, represent a physi-
cal system in a very clear and 
correct shape, so as to build 
a 3D model that is as realistic 
as possible.

CAD import of using FEM

Then, after obtaining these 
models three-dimensional 
CAD, the FEA jaw-implant-
prosthesis was performed 
with ANSYS WORKBENCH 
14.5®, program character-
ized by a bi-directional con-
nectivity CAD, by high produc-
tivity and by an innovative 
design vision that binds the 
entire simulation process.

The finite element analysis 
showed the relation (stress 
and strain) between bone 
and implant surface cement-
ed prosthetic crown/screwed.

For the simulation of bone 
were taken from the litera-
ture [1-6] some values and 
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iour of materials with respect to the loading 
forces has been considered.

of a polyhedral object in 3D computer graphics 
and solid modelling (Figures 3 and 4).

Figure 3. Virtual Model analysed in the system representing bone den-
tal implant and prosthetic crown. A: Cemented retained prosthesis; B: 
Screw retained prosthesis.

Figure 4. Axial load over the 3D model.

In our case, the alloys of titanium 
have a plastic behaviour, thanks to 
which are resistant. Titanium, in 
fact, is able to absorb loads, even 
intense, possibly meeting to a per-
manent deformation but without 
tending to fracture.

Titanium alloys have a limit of 
resistance at least 5 times greater 
than that of the ceramic, it can be 
subjected to a voltage of up to 
1000 MPa (equivalent to 1000 kg 
on each mm2 of surface) and do 
not involve rupture of the crash, or 
fractures per pulse. For this rea-
son, in our 3D model, the more 
resistant component within the 
implant-prosthesis system is pre-
cisely the dental implant.

The ceramic instead assumes an 
elastic behaviour and when sub-
jected to the forces of the load 
does not deform but it will fracture 
directly just after passing its 
threshold limit which is about 200-
400 MPa (200-400 then N mm2 of 
surface. The mere chewing of nou-
gat produces a force load of about 
2000 N, and it is immediately evi-
dent that the ceramic is a very 
fragile material.

It was also demonstrated that the 
mechanical resistance to bending 
of the ceramic decreases with 
increasing roughness of its sur-
face, whereby also the manufac-
ture of the material and the inter-
nal quality control during pro- 
cessing are of utmost importance 
to obtain good performance 
mechanical [1, 7, 8].

Creating the correct MESH

The discretization in space and in 
time has the aim to obtain a dis-
crete model consisting of a finite 
number of freedom degrees (situa-
tion of the mesh). A polygon mesh 
is a collection of vertices, edges 
and faces that defines the shape 
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The basic unit of a mesh is the voxels (volume 
pixels): in geometric modelling it is divided the 
volume that contains the object for modelling it 
in a three-dimensional grid of positions. Each 
position determines the presence or absence 
of material. More get closer to the areas of 
interest; more the mesh increases in number.

In this experimental study, the constraints 
interlocking quite distant places extreme bones 
were fixed to affect the results derived from the 
bone-implant contact.

Conditions with bone-implant interface

The bone-implant boundary conditions estab-
lished in this FEM analysis are those of a per-
fect interlocking gear. In this study it was cho-
sen to simulate “osseointegration perfect” with 
a contact type defined bounded that, by defini-
tion, is characterized by a total contact surface 
between the implant and the bone, with no pos-
sibility scroll between the two. Although this 
represents a choice of approximation and sim-
plification, as it does not exist in reality a clini-
cal condition in which there is a 100% contact 
between the implant surface and bone margin.

During the post-processing

In the phase of post-processing, the function-
solution is processed and represented, both in 

fundamental quantities directly represented in 
discrete form in the FEM method (for example, 
shifts in structural), both in the quantities 
derived from them (for example, voltages, in a 
compatible approach to structural problems).

The post-processing phase is constituted by: 
(1) Stress analysis: This phase involves the 
comparison between the high and low values of 
mechanical stress, and the forces applied on a 
unit area. The mechanical stresses are formed 
by a normal component and a tangential com-
ponent to the surface. The normal component 
and the tensional force perpendicular to the 
surface, can rise to a tensile stress if the body, 
subject to such a force, undergoes elongation, 
or to a compression stress if the body, on the 
contrary suffers shortenings (Figure 5). The 
tangential force to the surface, however, rises 
to a shear stress and/or torsion. In this FEM 
analysis, the evaluating tensional forces 
caused by axial loads of 400 N were performed 
in two dynamic virtual models: one to load the 
cemented prosthesis implant, the other to load 
the prosthesis type screwed.

It analyses the evolution of the voltage and the 
ideal von Mises stresses on critical parts of the 
implant-prosthesis system modelled. The anal-
ysis of the von Mises yield criterion is about 
tensile and compression related to ductile 

Table 1. Titanium features accordingly with the literature [1-5, 7, 16-18]

Density [kg·m3] Young’s module [GPa] Poisson’s module [/] Strength of dilatation 
[MPa]

Tension of fracture 
[MPa]

4620 96 0.36 930 1070

Table 2. Ceramic characteristic accordingly with the literature [1-5, 7, 16-18]
Density [kg·m3] Young’s module [GPa] Poisson’s module [/]
2300 83 0.33

Table 3. Mechanical features of marrow bone accordingly with the literature [1-5, 7, 16-18]

Density 
[kg·m3]

Young’s mod-
ule direction x 

[MPa]

Young’s mod-
ule direction x 

[MPa]

Young’s mod-
ule direction x 

[MPa]

Poisson’s mod-
ule direction 

x [/]

Poisson’s mod-
ule direction 

y [/]

Poisson’s mod-
ule direction 

z [/]
1200 294 883 294 0.236 0.345 0.236

Table 4. Mechanical features of cortical bone accordingly with the literature [1-5, 7, 16-18]

Density 
[kg·m3]

Young’s mod-
ule direction x 

[GPa]

Young’s mod-
ule direction x 

[GPa]

Young’s mod-
ule direction x 

[GPa]

Poisson’s mod-
ule direction 

x [/]

Poisson’s mod-
ule direction 

y [/]

Poisson’s mod-
ule direction 

z [/]
1800 13.5 20.4 13.5 0.236 0.345 0.236
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materials and isotropic. According to this crite-
rion, the yield strength of the material is 
reached when the strain energy distorting 
(deformation of shape but not volume) reaches 
a limit value. (2) Analysis of deformation: Thro- 
ugh simulations elastic-linear finite element 
analysis allows to evaluate the linear deforma-
tions faced by individual components of the vir-
tual model. The deformation of a continuous 

and their constituent parts, are characterized 
by a different distribution and dissipation of 
mechanical stress [7-10].

Inside the virtual three-dimensional model, 
three anatomical areas of the implant-prosthe-
sis system were extrapolated and compared 
with significant biomechanical results: Zone 1: 
crown margin-bone; Zone 2: the point of con-

Figure 5. Dental implant screw-crown system. A: Cemented retained prosthe-
sis; B: Screw retained prosthesis with the hole in the occlusal area.

Figure 6. Zone 1 margin between crown and bone tissue. A: Cemented re-
tained prosthesis; B: Screw retained prosthesis. MPa Mega Pascal.

body is a change in the geo-
metrical configuration of such 
a body, which leads to a 
change of its shape or its 
dimensions following the ap- 
plication of a stress [5, 14]. 
The study of the deformation 
of a continuous body express-
es the characterization of the 
mechanical behaviour of the 
material constituting the body 
[3, 7, 11, 15]. To this end it is 
not so important to know the 
global deformation of the body 
but to arrive at a local charac-
terization of the deformation, 
and to a description of the 
deformation that affects aro- 
und a generic point of each of 
the body.

Results and discussion

In this experimental study a 
comparative analysis of two 
dynamic virtual models was 
carried out: an implant-pros-
thesis system with single-
bonded prosthetic crown on 
the implant through harden-
ing, compared with an implant-
prosthesis with single pros-
thetic crown screwed on the 
system (Figure 6). The verifica-
tion of resistance to the same 
static axial load of 400 N, 
directed downwards, the two 
systematic implant-prosthetic 
it was conducted. That is, it is 
going to compare, according 
to the hypothesis of von 
Mises, the ideal voltage with 
the voltage sustainable. The 
finite element analysis shows 
that the two connections 
implant-prosthetic, which dif-
fer in their physical structure 
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nection of three components: the bone-implant-
prosthesis; and Zone 3: occlusal surface.

The load determines a distribution of Von Mises 
stress fairly uniform with values of 50 MPa to 
60 MPa and screwed prosthesis for cemented 
prosthesis. The higher voltages are recorded at 

sists of a ceramic material from fragile elastic 
behaviour.

In the histogram below there is a summary of 
the relative maxima values of effort achieved in 
three zones described by two models, screwed 
vs. cemented. In the present study it was not 

Figure 7. Zone 2 margin between bone and dental implant screws. A: Ce-
mented retained prosthesis; B: Screw retained prosthesis. MPa Mega Pascal.

Figure 8. Zone 3 margin on the occlusal area. A: Cemented retained prosthe-
sis; B: Screw retained prosthesis. The hole in the screw retained is clearly a 
wicked point of the structure.

the point of contact between 
the apical margin of the pros-
thesis and the bone (Figures 7 
and 8).

In this case the cemented 
prosthesis is further subject-
ed to tensional forces. How- 
ever, the mechanical stress of 
70 MPa that is going to dissi-
pate dental implant is abso-
lutely irrelevant because the 
titanium alloy implant has far 
greater strength. So if this 
area were subjected to me- 
chanical stress even more, 
the implant-prosthesis system 
would not meet the biome-
chanical negative effects.

The cemented retained pros-
thesis is not made up of any 
area of structural discontinui-
ty. It is integral and coherent 
throughout its volume. Form 
the other side, it is clearly evi-
dent the access hole through 
screw connection between 
the implant and the screwed 
retained prosthesis (Table 5).

From a physical point of view 
and mechanical, any body dis-
continuous, interrupted in its 
structure, appears to be less 
resistant. The evaluation of 
the FEM allows highlighting an 
accumulation of tensional fo- 
rces in the boundary sur-
rounding the screw hole. 
These mechanical stresses of 
22 MPa discharged only on 
the screw connection and on 
the prosthesis tend to fracture 
easily without passing through 
an intermediate deformation 
step because being particu-
larly burdensome for the pros-
thetic structure, which con-
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performed the analysis of the deformation, 
since the bodies considered not undergo defor-
mation of the linear type for the following rea-
sons: (1) The ceramic prosthetic only under-
goes to deformation in the elastic range, and it 
returns to its initial shape as soon as the load-
ing force is interrupted; (2) The titanium implant 
does not meet linear permanent deformation 
under tensional forces of small intensity.

In this experimental study, numerous approxi-
mations were carried out, since an implant-
prosthesis system is characterized by an infi-
nite number of variables, which are not 
objectively reproducible in an investigation 
FEM. The obtained results cannot be corrected 
in their absolute value, that is, from a quantita-
tive point of view. In fact, the finite element 
method applied to dental rehabilitation is 
intended to give a qualitative indication to the 
operator in its therapeutic choices. To get the 
absolute values it should be quantitatively cor-
rect the biomechanical conditions of each indi-
vidual patient, considering all the variables of 
the individual case. This would be possible only 
with deep and invasive operations, for example 
by placing strain gauges in the alveolar bone, 
connected to force sensors that record all indi-
vidual biomechanical value (Table 3).

This parametric analysis with finite element 
evaluation of the implant-prosthetic connec-
tions cemented and screw retained put in place 
an engineering and biomechanical comparison 
between two different types of implant-sup-
ported prostheses, concluding that a screw 

the same dental element in the same area of 
the same patient buccal.

In fact, thanks to their uniformity of the surface, 
the cemented retained prostheses offer a bet-
ter and more homogeneous distribution of the 
load forces compared to prostheses screwed 
one.

Ultimately, the relative maximum voltage calcu-
lated in the vicinity of the access hole to the 
screw connection, are to be interpreted qualita-
tively as an index of the critical point, and not 
quantitatively as an estimate of the actual volt-
ages present in the area.

This study, however, has the following limita-
tions: (1) Play approximate clinical reality 
through a virtual simplified mathematical 
model that cannot reproduce the infinite vari-
ability and biotype that characterize a system 
implant-prosthesis. (2) Further approximation 
of modelling the bone-implant, considering a 
type of contact “bounded” that does not reflect 
reality. (3) Reproduction of an axial force only, 
without taking into account the horizontal and 
oblique loading forces. (4) Failure analysis of 
dynamic fatigue loading on the question. This 
experimental model is in fact a preliminary 
study that will be integrated, overcoming the 
above biomechanical limitations. The approxi-
mations value, however, are inevitable in these 
very complex physical bio systems. We exclude 
the attempt to validate this FEA model, increas-
ing the type and number of simulations and by 
modelling a biomechanical system very likely, 

retained prosthesis on an 
implant seems to be less 
durable and tends to fracture 
more than a cemented pros-
thesis. As well as other types 
of dental implants, the screw 
connection seems to be the 
actual weak link in the chain, 
resulting in values related with 
fatigue and consequent fail-
ure of the prosthesis [10-18].

This is valid only in qualitative 
terms, which means that the 
FEM investigation has shown 
that a fracture involved firstly 
the screwed retained prosthe-
sis of the “same” cemented 
prosthesis that rehabilitate 

Table 5. Tension and Stress distribution over the three different 
area analysed
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as reliable as possible and reflecting the clini-
cal reality.
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