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Abstract: Today, dental implantology is a reliable technique for the treatment of partial and total edentulism.
The fixing of dentures on dental implants can be achieved by a number of different techniques. The choice of
technique depends on the specific needs of the patient, the condition of the jawbone and the design of the
prosthesis itself. Currently, the two most common types of prosthetic abutment connections are cemented or
screwed connections, both of which have disadvantages and advantages. The aim of this study is to analyze,
with Finite Element Analysis (FEA), a new Cone Morse connection system between the prosthesis and implant.
The connection retention has been analyzed by adopting three different approaches: analytical, in vitro and the
FEA method. The systems formed by abutment, healing-cap, and crown with three different inclination
conditions were modeled in 3D: 0°, 15° and 30°. With Ansys finite element software, the effect of tilt on system
retention was studied. The FEA analysis showed comparable results with in vitro studies regarding the
retention strength for an abutment-cap system with a taper of 4°, obtaining 66.6 N compared to 68 N calculated
through an in vitro study. The inclination of the abutment affects the retention of the system because the hole
made on the surface of the abutment, decreases the contact area between the components. The Cone Morse
prosthesis implant connection system is the most stable and efficient system compared to the threaded or
cemented system. Retention is influenced by factors such as abutment conicity, insertion strength and the
contact surface between components.

Keywords: cone morse connection; dental implants; prosthesis; FEA; Implantology

1. Introduction

Implantology can be considered a safe method to solve problems of partial and total edentulism
especially in patients with advanced age [1,2]. In modern implantology there are two diverse types
of implant prosthesis support, which depend on the number and position of the implants. Treatment
options include fixed or removable implant-prosthesis support. The removable prosthesis implant
support consists of a prosthesis that is anchored to the implant with diverse ways of fixation: with
screw or cemented. However, the two fixation systems have some disadvantages [3]. Although the
use of cemented fixation seems ideal, the disadvantage lies in having to eliminate excess cement in
the soft tissues around the implant structure. Some studies [4-9] have linked residual cement and the
development of chronic peri-implant diseases, since residual cement could cause soft tissue
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inflammation and the relative resorption of the bone crest. Another problem is the removal of cement
if the margins are located sub-gingivally. The greater the depth, the more difficult it is to detecting
excess cement. In vitro studies have shown that it is possible to eliminate excess cement when the
margin is positioned between 1.5 and 3mm apical at the soft tissue margin [10]. The screwed
connection, on the other hand, involves greater complications, the inadequate preload of the screw,
the misfit between the interface of the two components and the characteristics of the screw are
considered to be the reasons that lead to the loosening of the screw or even fractures [11,12]. In a
recent publication, Degidi et al. [13] proposed the use of the Morse cone connection between
abutments and prostheses. This type of connection presents an interesting alternative thanks to its
advantages compared to cemented or screwed connections. Since their introduction, their efficacy
and benefits have been proved by many studies [14,15,16]. This type of connection consists in the
coupling of two surfaces that have the same conicity: abutment (male) and cap (female) that are
inserted compared to those without the use of screw or concrete (Figure 1).

i RE

Figure 1. Conometric connection between cap and abutment.

When force is applied from the outside, retention occurs thanks to the friction that is formed
between the two surfaces [17]. By analyzing the conometric connection system, the conformation of
the abutment influences the retentive ability. It has been found that the greater the diameter at the
base and the height, the greater the retentive ability from a study [18]. Applying a force from the
outside in the direction coinciding with the axis of insertion of the cap, stress and deformation fields
are generated that affect both the inside of the cap and the abutment. Such stress fields will remain
even when the insertion force is removed. It is precisely these fields of stress and deformation that
supply the retentive ability of the system. From studies conducted [19,20] it has been seen how the
retentive force is inversely proportional to the taper angle of the cap, that is, the greater the angle and
the lower the retentive force. Through a numerical-mathematical evaluation performed by Sinan
Muftu et al. [19], the efficiency of the cone morse connection was evaluated given by the ratio
insertion force and simplified extraction force in the following equation (1):

__2cosé@
HE

(uy cos @ — sin 9) (1)

In order for the cap-to-abutment connection to be stable, efficiency n must be greater than 1,
which means that the extraction force Fout is greater than the insertion force Fin and, therefore, there
is no possibility of spontaneous loosening occurring. If we use the studies conducted by Sinan Muftu
et al. [19] as a reference and consider equation (1), it is noted that efficiency is influenced by the taper
angle and the coefficient of friction between the two surfaces. Therefore, an increase in the taper angle
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leads to a decrease in efficiency, in fact, the efficiency goes from about 1.6 with a taper angle of 2.5°
to about 0.5 with a taper angle of 10° [20]. With regard to the coefficient of friction, on the other hand,
the efficiency goes from 1.5 with a coefficient equal to 0.25 to about 1.8 with a coefficient equal to 0.85
[20]. From these first results, it is clear that to have suitable stability of the system it is necessary to
have taper angles of less than 6° and a friction coefficient of about 0.3. With regards to the concept
previously explained, retention is guaranteed by the presence of an adequate stress field in the
absence of applied load. It should be noted that in order for the system to be efficient, the stresses
caused by the insertion of the cap must not exceed the yield strength of the material [21]. A last aspect
to consider concerns the insertion force which, due to the conical geometry of the system, generates
contact pressures at the abutment cap interface of the resulting N according to equation 2 [19,20,21].

TEAzLcsin 260
6b2

N = [3(b2 —12) — L, sin@(3ry, + L. sin0)] ()

Looking at the formula you can see how it is influenced by the taper angle 6 and the length of
the surfaces in contact L.. An increase of L, leads to an increase in the retentive capacity of the
system, in a linear manner for lengths between 1 mm and 5 mm [21]. From these first observations,
we understand how the insertion force of the cap plays a fundamental role in defining the stability
of the system, in the first place this force must be sufficient to firmly house the cap and, therefore,
supply resistance to extraction forces. Secondly, it should avoid excessive plastic deformation of the
cap and abutment due to interference. The analytical method to detect this force [21] has limitations
because it is obtained according to severe restrictions as the cyclic loads of mounting and dismantling
the cap leading to surface erosion phenomena, consequently decreasing the retention of the system
[22], are not considered. In vitro studies have established that the connection has a retention that
varies with the taper angle: 40.36 N for a taper angle of 6° and 235 N for an angle of 1° [23]. The aim
of this study is to evaluate, through the finite element method (FEA), the force with which the cap
must be inserted into a conometric connection of 4° and the effect that the inclination of the abutment
(15°, 30°) has on the retention of the system and to compare the FEA results with the analytical ones
presented by [19] and experimental [23] in order to assess which method is most suitable. The
advantage of using the FEA method compared to other methods is that many factors that can
influence system retention can be evaluated simultaneously in less time. Moreover, when comparing
the vitro studies and the FEM method we can presume that the first is a destructive procedure as it
foresees breaking the device to find the resistance limit, while the second has the advantage of being
a non-destructive technique. The null hypothesis is to assume that the inclination of the abutment
and the presence of the hole on the surface of the abutment (Figure 2) to insert the retention screw
does not affect the performance of the system.

4

Figure 2. Example of inclined stump with through hole for retention screw of the implant.

2. Materials and Methods
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Three different systems, composed of the abutment and the cap of the AoN implant (AoN
Implants, Grisignano di Zocco, Vicenza, Italy), were modeled using Autodesk Inventor 3D software,
and afterwards, imported into ANSYS Workbench 2023. Figure 3 shows the abutment-cap and crown
system in the 0° tilt configuration.

Abutment

Figure 3. 3D model of the crown, cap, and abutment system.

Figure 4 shows the 15° and 30° configurations of the cap-abutment system.

/150

Figure 4. 3D model of the crown system - cap and abutment inclined at 15° (on the left) and inclined
at 30° (on the right).

Finite element analysis was used to analyze the stress distribution on the abutment-cap system
during cap insertion. The virtual models made with Autodesk Inventor have been converted to a .stp
format, readable by the FEA analysis software Ansys Workbench (ANSYS Inc., Canonsburg, PA,
USA). The implemented geometry did not consider the implant since the analysis of this study
focuses on the cap-abutment connection zone. The FEA study involves performing the following
steps:

e Model creation: Start by creating a digital model of the structure or part to be analyzed. This
model is divided into smaller parts called finite elements. Finite elements are simple geometric
shapes such as triangles or quadrilaterals in 2D and tetrahedra or hexagons in 3D.

e Definition of material properties: Each finite element has associated material properties, such
as Young's modulus, Poisson's coefficient, strength, and other characteristics that depend on the
material from which the part is made.

e Application of loads: Loads are defined, such as forces, moments, pressures, constraints, and
boundary conditions that simulate the real environment in which the structure runs.

e  Discretization: The model is divided into finite elements and the nodes of these elements are
assigned unknown variables being displacements, stresses, or other amounts of interest.
Subsequently, the load/constraint conditions are assigned, and the results are analyzed. The cap-
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abutment model was discretized using Solid 187 4-knot tetrahedral elements using a 0.5 mm
mesh [24]. At the abutment-cap contact, to better appreciate the stress distribution, the mesh was
reduced to 0.3 mm (Figure 5).

Figure 5. Finite element model of the crown-cap-abutment system.

After modeling the finite elements of the system, the properties of the materials used in this
study were assigned. All materials have been considered homogeneous, linear, and isotropic, since
the hypothesis in which the Von-Mises criterion used to analyze the results is based, assumes these
considerations [25]. The properties of the materials are shown in Table 1 [26,27].

Table 1. Properties of materials used in the study.

Tensile Yiel h Tensile Ulti
Young Modulus [GPal Poisson Ratio ensile Yield Strenght ensile Ultimate

[MPa] Strenght [MPal]
Titanium
(Ti6A14V) 110 0.3 830 900
Zirconia (Crown) 200 0.31 330 551

To analyze the cap-abutment system, the following contact modes between the two components
were assigned (Figure 6).

Figure 6. Contact with friction (red) between cap and abutment The coefficient of friction used was
0.3 [28].

Between the crown and the cap, on the other hand, a fixed type of contact was imposed without
penetration. The contact analysis cap has been assigned the target element. "Target elements" (red)
refer to finite elements in an FEA analysis that are considered particularly important or relevant to
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the analysis aim, while the "contact elements" model the contact surfaces between the parts (blue).
The abutment was fully constrained, applying constraints on its side surface as shown in Figure 5.
Whereas on the upper surface of the crown, a vertical load was applied along the direction of
insertion of the cap with variable intensity between 10 N and 60 N. For this load it was considered to
take as reference the hood insertion loads obtained from in vitro studies [29] (Figure 7).

Figure 7. On the left the constraint configuration, on the right the application of the load on the
crown.

For the analysis of the results, three methodologies were used in this study in order to decide
which of the three supplies the reliable results. The first method used is an analytical method
proposed by Muftu [19], with the aim of calculating the retention force of the cap knowing only the
parameters related to the taper and the coefficient of friction. Using equation 1 the following data can
be assumed: 6=4°, us=0,3= uk.The efficiency of the system can be calculated as follows equation (3):

= %(uk cosf —sinf) = 1.52 (3)

The second method used is an experimental method proposed by Jose et al. [23] in which by
using the graph obtained through in vitro tests, it is possible to calculate the retention of the system
knowing only the conicity of the abutment (Figure 8).

3004\ . . Dbserved-
— Exponential

200

Force (N)

100+

Ullllilll
0123 456 7 8

Cone angle (degrees)

Force = 322.235 X 0352 X Cone angle

Figure 8. Trend of the retention force of the cap-abutment system as a function of conicity [23].The
third method used is the FEA proposed in this study to compare results. In which from
the application of the cap insertion load, we can evaluate both the Von-Mises Stress
distribution and the axial displacements of the cap 4, along the insertion direction. Using
equation 4 the retention of the system can be calculated:
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4 6b2 [3(b% —73y) — L sin 0 (374 + L sin 6)]
2
4)

The data necessary for the calculation can be obtained thanks to the 3D model developed with
inventor (AoN Implants, Grisignano di Zocco, Vicenza, Italy), r,,=1,414 mm b,=1,850, L.=5mm, 6=4°
us=0,3

After modeling with ANSYS software, the Von-Mises stress values were evaluated in the case of
a non-angled and angled system of 15° and 30° respectively. Stress distributions are represented by
color-coded maps, maximum stress in red and minimum stress in blue for qualitative analysis.

3. Results

‘Von Mises Stress (Mpa)

Figure 9 shows the Von-Mises stress of the crown-cap abutment system for an insertion load of
10 N.
5,000

506,01

274,75
179,49
142,68
105,87
69,065
32,258
9,9274
4,4963
0,00032

0,000 10,000 (mm)
2,500 7,500

Figure 9. Von Mises stress on the system for an insertion force of 10 N.

Von-Mises stress ranges between 0.0032 MPa and 506.01 Mpa. The maximum stress values are
found on the cap because of its thinness and therefore stress is increased. The figure also shows how
stress values are reached that vary between 35 MPa and 120 MPa in the area of contact with the cap
on the crown made of zirconium. This stress field does not impair the mechanical behavior of the
material since, as described in Table 1, the breakdown stress of Zirconia is approximately 551 MPa.
In Figure 10, the displacement field compared to the cap is shown because the abutment has been
fixed in all directions.

Displacement (mm)

2 0,00273
0,00245
0,00212
0,00195
4 0,00191
0,00186
0,00183
0,00134
0,00106
| 0,0000132

0,000 5,000 10,000 (mm)
] sy

2,500 7,500

Figure 10. Displacements along the cap-abutment system for an insertion force of 10 N.
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From figure 8 we see how the cap has a field of displacements that varies along the axial
direction. In fact, the maximum values are reached in the lower part of the same (red zone) where
there are about 0.00273 mm of displacement. This value is also comparable with the FEA study
conducted by Bressan et al [31]. Figure 9 demonstrates the stress distribution when the cap is inserted
with a force of 30N and 60N.

Vom Mives Stress (Mpa)

vY

1200 fww)
)

A

A |

e (AL

Voo Mises Stress (Mpa)

13,500 fm o
J

Figure 12. Von-Mises stress distribution: (a) 30N; (b) 60 N (insertion force).

Here, it is seen that as the coat insertion force increases, there is also an increase in the stresses
on the system. In fact, it goes from about 511.73 MPa with an insertion of 30N to 594.08 MPa with an
insertion of 60N. From this first analysis, it is clear that the most stressed part is the 594.08 MPa cap.
This stress value, however, does not compromise the mechanical behavior of the hood since the
resistance of the latter to yield strength is about 830 Mpa table 1. Also, from Figure 12 it is shown how
on the abutment the stresses are higher in the case of an insertion with 60N of the cap. In fact, the
circumferential stresses exerted by forcing increase the compressive stress on the outer surface of the
abutment. Table 2 summarizes the results obtained (Von-Mises stress) and displacement along z of
the hood for insertion loads varying between 10 N and 60 N.

Table 2. Von-Mises stress and displacement along x of the cap for different insertion loads.

Insertion force N Displacement of coping (mm) Von Mises Stress MPa
10 0.00273 506.01
20 0.00546 508.52
30 0.00819 511.73
40 0.01092 530.56
50 0.013655 570.34

60 0.01638 594.08
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Table 2 shows that as the insertion force increases, both an increase in the displacement of the
cap and the Von Mises stress correspond. It can be said that there are no critical issues in the system
as the yield strength of the 830 Mpa material for Titanium is never exceeded. Knowing both the
insertion force and the vertical displacement of the cap, we can calculate the retention force for each
load condition of the cap thanks to equation 2 and obtain the orange line in graphic 13.

132.6
110.5
Z
8 88.4 91.56
i 76.3 /
2 063 61 04/
= ;
i‘j 442 /45-78/
30.52
2.1 /
15.26 .
— —Analytical method FEM
10 20 30 40 50 60

Insertion Force N

Figure 13. Trend of the removal force as a function of the insertion force.

Using the analytical method proposed by Muftu et al. [19] the blue line is obtained (Figure 13).
It is seen that the analytical method, due to the multiple simplifications performed in the geometry,
has lower values of removal force as a function of the insertion force. Observing the experimental
method proposed by Jose L. et al. [23] for an insertion of the cap with a load of 30 N, it corresponds
to a removal force of about 70 N (Figure 14).

300\ . . ObservedA
— Exponential

2004

0123 45 6 7 8
Cone angle (degrees)

Force = 322.235 X g0.352 X Cone angle

Figure 14. Retention force as a function of the taper of the system for an insertion load of 30N [23].

From the three criteria presented, it is noted that the FEA finite element method has results closer
to the values obtained experimentally through in vitro studies. In fact, for an insertion of the cap with
30 N using the FEA method there is about 66.3 N of retention force, using the analytical method there
is 45.78 N, compared to the value of 68.8N obtained from in vitro studies. The time effect of tilt is
studied using the same load data as above. Figure 15 shows the distribution of Von-Mises stress if
the cap is inserted with a load of 10 N,30N and 60N in the 15° configuration.
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Figure 15. Von-Mises stress distribution per abutment inclined at 15° (a) 10N, (b) 30 N, (c) 60N.

From figure 15, we can see how the 15° inclination of the abutment leads to an increase in stresses
on the abutment and cap. In fact, considering the red areas, we notice that the maximum stress varies
between 621.45 MPa with 10 N of insertion up to 645 Mpa with 60 N of insertion on the cap. In Figure
16 we can see that the Von Mises stress distribution is higher than in the case of 15°.
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Figure 16. Von-Mises stress distribution per abutment inclined at 30° (a) 10N, (b) 30 N, (c) 60N.

This is due to the fact that the inclination involves a decomposition of the forces also along the
direction perpendicular to the axis of insertion of the cap. These tangential forces stress the abutment
more, in fact in the configuration of 30 ° with a cap insertion force of 60 N stress values of about 756
Mpa are recorded on the abutment and on the lower part of the cap (figure 16 c). We can therefore
say that the configuration of the abutment inclined at 30° registers higher stresses than the 15° and 0°
configuration. By analyzing exclusively with the FEA method, we can calculate the retention of the
system in the configurations of inclined abutments and compare it with the non-inclined
configuration of the abutment (Figure 17).
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Figure 17. Trend of the removal force as a function of the insertion force. For abutments inclined at
0°, 15° and 30°.

From graph (Figure 17) shows how the retention at the same insertion force decreases with the
inclination of the abutment. In fact, assuming that the cap is inserted with a force of 30 N, it is seen
that in the case of no inclination, we have 66.3 N compared to 57.018 N for abutments inclined at 15
°and 53.04 N for abutment inclined at 30 °. This phenomenon is because the hole for the insertion of
the retention screw decreases the amount of surface that can be used for contact with the cap and
therefore, there is a decrease in the retention ability of the system. Hence, it can be said that in order
to have the same retention required by in vitro studies or about 70 N, it is necessary to increase the
insertion force by about 10 N more than the non-inclined configuration where inclined abutments are
concerned.

4. Discussion

The FEA method shown in this study has also been used in other works [32-35] to investigate
the effect of the connection type on stress in the implant and surrounding bone. In particular, as has
been seen by [29] the use of a screwed type of implant prosthesis retention system presented less
stress than the conventional system with the use of cement. The explanation of this phenomenon is
due to the fact that in the case of a screwed system, there are several separate components including;:
the implant, the abutment, the prosthetic screw, and the crown. The micro-gap does not guarantee a
uniform stress distribution between the components and the implant. Therefore, it was concluded
that in a cemented retention system, the stresses and deformations were higher. Also, photo-elastic
studies [32,33] have shown this phenomenon and have found that the gap between the components
of the implant can reduce or increase the stress that is transmitted to the bone due to micro-
movements. Although the use of a retention system with screw can cause bone resorption due to the
insufficiency of stress transmitted, in the case of a cemented connection, the stress generated by the
masticatory load could discharge directly on the bone, rather than being dissipated between the
prosthetic components. These factors can increase stress on the bone leading it to resorption. In fact,
as was shown in a study [34] when the stress generated in the crestal area of the implant exceeds the
elasticity of the bone, microfractures and resorption occur. Screwed prosthetics have the advantage
of being removed without damaging the denture or implant with the only negative being the
execution of the hole on the crown to insert the screw creates aesthetic problems and risks of fracture.
Thanks to the conometric system, dental prostheses can reduce pressure on the surrounding gum
tissue, helping to prevent long-term damage or irritation. In particular, SEM analyses analyzed the
interface between cap and abutment, seeing that even after the application of the load, a relevant gap
was not shown [35]. This leads to the following benefits, including a reduced risk of bacterial
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infiltration and more evenly transmitted stress. In the conometric connection, retention is given only
by the frictional force that develops at the abutment-cap interface. The perfect fit between the two
surfaces and the absence of marginal gap of the conometric connection is a fundamental requirement
to avoid failures and bacterial infiltration [36,37]. In an attempt to further reduce inflammatory
responses and maximize bone stability in the crestal area of the implant, many in vitro studies [38-
40] have defined that in the conometric connection, the gap between abutment and cap (2.04-2.064
micron) was considered necessary to avoid bacterial infiltration phenomena. On the other hand, in
the case of a cemented connection between abutment and cap, a gap of (145 microns) was seen [40].
Another problem is related to the removal of the prosthesis. Through a study by Degidi et al. [41] it
was seen how prostheses that used a conometric retention system were easily removed. In fact,
conometric prostheses are designed for easy removal and cleaning making the oral hygiene and
prosthesis cleaning processes easier than those for cemented or adhesive dentures which had
problems due to incomplete cement removal. The success rate of conometric prostheses is an
important aspect of rehabilitation. Numerous studies [42-44] have described the follow-up period,
noting a 97.77% success rate during a 2-year follow-up period. System retention understood as the
ability of the prosthesis to remain stable and firmly in place inside the mouth during normal use is a
key factor in long-term durability. As shown in the introductory part, the retention of the conometric
connection depends on the first load with which the cap is inserted, the taper angle, the height, and
the friction between the two surfaces [45,46]. Insufficient retention leads to loosening of the prosthesis
with the related implant problems and bacterial infection. The influence of cap insertion-separation
cycles on retention ability has been evaluated by many studies [47-49]. In particular, as shown in an
in vitro study [50], retention decreases by about 40% from 5 cycles to 15 insertion-removal cycles.
This phenomenon is due to the fact that with the increase in the number of cycles, the functional
characteristics of the surfaces in contact vary. In addition, retention is reduced even if the plastic limit
of the material is exceeded, as the state of residual stress due retention is no longer guaranteed.
However, when similar materials are used, a cold fusion can develop between the abutment-cap
contact surface, thus ensuring greater retention. Conversely, with a softer material than the abutment
there is greater wear on the inner surface of the cap and therefore less retention [51]. In the oral
environment, prostheses are subject to time-varying chewing forces, temperature variations and high
humidity; all factors that worsen the condition of the cement causing loss of retention. In a study [52]
the retention of a cemented and conometric system was measured, highlighting how the use of the
conometric system led to an increase in retention as the phenomenon of cold welding between the
two components occurred. While in the case of the cemented system there was a decrease in retention
due to the loss of cement performance after 5 years. The evaluation of the retention of the cap-
abutment connection has always been evaluated through in vitro studies. In particular, as shown by
[53] the retention varies according to the conicity of the abutment in fact it goes from 40.46 N for 6
degrees of taper to 235 N for a taper of 1 degree. Bressan et al [54] also used the FEA method to
analyze the retention of a morse cone connection by seeing that in the case of a gold cap there was in
vitro a retention of 148.22 N compared to 150 N obtained by numerical analysis. However, there are
no clear data in the literature on the minimum retention necessary for the crown and cap to remain
in a stable position. During chewing, the depressive muscles apply displacement forces to the
prosthesis. Therefore, the minimum retention force must be greater than the contraction force of these
depressor muscles which turns out to be about 113 N [54,55]. Thanks to a numerical study [56] a
mathematical model has been developed that allows, as a function of conicity, to qualitatively know
the retention offered by the system. In particular, it can be seen that the retention increases
exponentially decreasing the taper angle. The other method to evaluate system retention is through
the use of numerical simulation, in particular FEA finite element analysis. This method now used in
most engineering and medical applications allows to accurately simulate what happens from the
point of view of mechanical behavior when the cap is inserted on the abutment. The process
implemented in this study allowed to evaluate the retention of the system in the case of an abutment
with a taper of 4° and define the necessary force with which the cap must be inserted to have sufficient
retention. Thanks to the FEA analysis, it was also possible to evaluate the effect of the inclination of
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the abutment on retention. Therefore, the null hypothesis has not been confirmed because the
inclined abutment supplies a hole for the insertion of the screw on the mating surface. This hole
decreases the surface in contact with the cap thus obtaining a decrease in the retention ability of the
connection. In addition, the retention also decreases with increasing angle of inclination of the
abutment as the axial loads along the abutment are also broken down according to the components:
mesial, distal, and buccal that vary with inclination. It is the non-axial components function as a lever
on the cap decreasing the retention of the system.

5. Conclusion

Thanks to the finite element simulation performed in this study, it was possible to calculate the
activation force of the cap to ensure the retention required by the in vitro studies, both in axial and
inclined positioning of the abutment. Below are the main results obtained: There is a linear
relationship between cap activation force and retentive force. The analytical method of Muftu et al.
underestimates system retention. The FEA method shows comparable results with in vitro studies.
For a connection with 4° conicity the retentive force obtained from in vitro studies is 68N. while with
FEA analysis 66N. The force to activate the connection in the case of a 4° taper is about 30N. Values
below 20N of activation force do not guarantee the required retention. The inclination of the abutment
decreases the retention of the system. To overcome this phenomenon, it is necessary to increase the
activation force by 10 N for abutments inclined between 15° and 30°. The state of stress acting on the
system is greater in the case of inclined abutments. Despite the limitations with the FEA method, the
results are consistent with in vitro studies. Further studies are needed to improve the model and also
consider intraoral conditions and wear phenomena that can compromise the stability of the system.
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