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Objective The purpose of this investigation is to highlight the technical components
of a new kind of screw-retained dental implant prosthesis. The hypothesis is whether the
OT Bridge (Rhein 83 S.R.L.; Bologna, Italy) system could be applied without secondary
screw in the “all-on-four” retention system, thanks to the presence of an internal seeger.
Materials and Methods By using engineering device such as finite element method
(FEM) and von Mises investigation, it has been studied how the fixed prosthodontics
for full-arch retention can be influenced by the presence of the screw for stabilizing it.
Results In a dental implant, one model with four different configurations of the full-
arch prosthesis retainer and the seeger has been investigated and then examined in
contrast with or without the passant screw for locking the system. The experiments of
this virtual study highlighted different features and mechanical behaviors of prostho-
dontic attachments.

Conclusion The first two configurations, respectively those in which there are four
and three connection screws, are safe and predictable. Therefore, the presence of the

= von Mises

Introduction

The clinical conditions of edentulous jaws are nowadays
considered a common problem for patients and clinicians.
The choice of the correct treatment plan, and its signifi-
cance for the patients’ quality of life, still remains a chal-
lenge due to the different ridge atrophic shapes and to the
several prosthodontic solutions. The partially or totally
edentulous patient experiences a condition of strong phys-
ical and social discomfort. The loss of teeth has unfavorable
impact on the oral esthetics and function, involving also
the quality of life of the patients.’* In the past 20 years, the
advent of the dental implant-based therapies quickly devel-
oped as safe and predictable remedy for fully edentulous
patients and as an alternative to standard removable den-
tures. Several treatments can include prosthodontic reha-
bilitation involving high or low numbers of dental implants,
cemented or screw-retained dental prosthesis, and dental

DOI https://doi.org/
10.1055/s-0040-1715550
ISSN 1305-7456.

seeger significantly improves the stability and the retention of the whole prosthesis.

implant-supported overdentures. Usually, the treatment
choice is related to the patient’s desires but at the same
time it is chosen considering the patients anatomical con-
ditions. Many patients, especially the oldest ones affected
by severely atrophic ridges, feel uncomfortable with the
removal of prosthesis, especially of the lower jaw.* To over-
come these clinical adverse conditions, two or four dental
implants for full-arch prosthesis rehabilitation could be rec-
ommended as first treatment option. In this way, noninva-
sive surgery could be guaranteed with excellent functional
and esthetic long-term clinical results, enabling recovery of
patients’ quality of life. The old overdenture system can be
defined as a removable dental prosthesis positioned over
one or more remaining natural teeth, the residual roots,
and/or dental implants. The dental implant-abutment con-
nections have to be solid and secure, considering unfavor-
able inclination due to the typical anatomical condition of
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the atrophic maxilla.* The present study reported a new way
of stabilization of full-arch fixed prosthesis, developed by
moving a step further over the old concept of overdenture.

Today, the dental prosthesis could be classified as fixed
with cemented or screw-retained abutments. However,
when it comes to determining the different holding sys-
tems available in terms of favorable clinical outcomes, ease
of maintenance, patient satisfaction and preferences, cost
to the patient, or ease of cleaning and removal, available
literature still does not provide reliable data as to which
is the ideal retention system for this kind of dental reha-
bilitation. When placed on the abutments, the prostheses,
fixed or not, have to guarantee esthetics and function. This
last parameter is most difficult to be achieved because
the forces involved in the masticatory cycle are not linear
and not homogenous.>® Recently, several published papers
investigated the stress over the bone tissue and over dental
implants and prosthodontic elements during the chewing
alternations, and aimed to study the point of fracture as
well as the wear of the material used.” The uniform disper-
sion of the stresses that occurred on prosthodontic compo-
nents during the chewing cycles is documented as being
conditioned by the number and the position of the dental
implants, as well as by the basic material and by the singular
prosthodontic aspect and elements. One of the most com-
mon clinical problem associated with implant-supported
restoration is screw loosening and then loss of retention
over time.! The purpose of the presented research is to
evaluate the prosthetic elements of retention for full-arch
fixed prosthesis placed over four dental implants by using
OT Equator (Rhein 83 S.R.L.; Bologna, Italy) attachments
and OT Bridge (Rhein 83 S.R.L.) components and the seeger
to highlight potential failures related to any fracture of the
structural components or any overload on bone tissue, as
well as to evaluate the effectiveness of the seeger as an extra
element of retention.

Therefore, the principal aim is to consider the grade of
retention by using the passant screws, screwed to all or to
OT Equator attachments, that are tightened into the dental
implant (Osstem TSIII; Osstem Global Co., Ltd., Seoul, South
Korea) according to the all-on-four technique by using
finite element analysis (FEA). A comparative analysis has
then been performed to finalize the systems with a type
of implant (Osstem TSIII) and “abutments” connected by
metric threading.®'!" Furthermore, in consequence of the
absence of many parameters, pictures have been utilized
to recreate the files. Potential approximations have been
considered due to this operation.!? The results of the tests
were recorded as graphic and data, which were matched to
identify which was better among the ones studied. Finally,
the von Mises stress test has been set and evaluated.

Materials and Methods

The principal factors that regulate the precision of the FEA
method have been detected. In association with these,
the detailed shape of the system and the peri-implant
bone anatomy to be shaped, the perimeter conditions
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and constraints, the material mechanical features, the
load conditions “repeated on time related to masticatory
cycle,” the bone-implant contact, the test of convergence,
and the validation of the model have been involved in this
analysis.

Solid representation of the jaws, dental implants, and
prosthodontic elements were recreated from Roster images,
which are processed through a three-dimensional comput-
er-aided design (3D CAD) in finite element method (FEM).
The search process was then separated into the following
two moments: the preprocessing—finite element model’s
building step—and the postprocessing—converting and
modeling of solutions.>'® The following tests incorporated
the tests about the dental prosthesis marked “Rhein 83
S.R.L.” with the following configuration:

1. Four OT Equator-OT Bridge assembled with four pas-
sant retaining screws: Test 1

2. Four OT Equator-OT Bridge assembled with three out of
four passant retaining screws: Test 2

3. Four OT Equator-OT Bridge assembled with two out of
four passant retaining screws: Test 3

4. Four OT Equator-OT Bridge assembled without retain-
ing screws: Test 4

This type of retention system (OT Equator) was born as an
evolution of the spherical system. The component to be high-
lighted is also represented by the presence of the seeger. The
subequatorial component allows the housing inside the cylin-
drical abutment of an interchangeable acetal ring, the see-
ger, and represents a systematic alternative to screwed and
cemented solutions.

The threaded hole with a closed bottom on the attachment
does not communicate with the implant, avoiding coronal-api-
cal bacterial infiltrations. Thanks to this, there are also great
advantages in overcoming implant disparallelisms, even in
extreme cases of over 80°, without resorting to components
such as multiunit abutment or drilling techniques. The real rev-
olution offered by the OT Equator is versatility with the use of
the same identical abutment, both for the removable and fixed
prosthesis solution (~Fig. 1).

Fig. 1 OT Equator and OT bridge systems details: elastic seeger with
mounter (A); elastic seeger positioning (B); exocad screenshot about
screw connection (C); final prosthesis structure (D).



Reverse Engineering

The model sizes were created from the prosthodontic ele-
ments and the pictures were made real by the small details
of their physico-chemical features published in the liter-
ature and by the brand drafts. The creating moment has
been developed by SolidWork, by which the information is
screened from the physical system to a mathematical clone,
deduced from the same number of variables and “filtering
out” the delaying ones (=Fig. 2). To create a homogeneous
and adequate mesh of the whole model, the discretization
tests revealed the difficulty in finding optimal solutions with
a small number of elements. For this reason, the mesh has
been refined in areas of particular interest. The areas where
there is a coupling have also been thickened, to obtain a bet-
ter response along the contact interface between the com-
ponents. For all the tests, the load condition considered is
shown in =Table 1. To ensure that a real situation was con-
sidered, the frictions between the various components were
also considered (~Table 2).

Finite Element Methods

Therefore, after having these 3D CAD pictures, the FEA
jaw-implant-prosthesis has been created by using Ansys
Workbench. A 3D linear static parametric simulation has
been developed underlining the ratio (stress and strain)
between bone tissue and prosthodontic pieces, and fixture
and OT Equator retainers.

Characteristic of the Materials Involved in the Study

The identical force has been directed to the different
implants and the consequent strength dispersion has been
recorded. The features of the materials have been classified
in terms of Young’s modulus, Poisson’s ratio, and density. The
numerous physical characteristics of the components have
been recorded regarding the occlusal and lateral strengths.
The titanium alloy (Ti6Al4V) under evaluation can be clas-
sified as homogeneous, linear, and isotropic, while the bone

Fig. 2 Reverse engineering on a dental implant.
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Table 1 Summary of the type and location of the loads
applied to the system

Test Loading conditions
Type of load Compression load
Location Molars

Condition Osseointegration

Table 2 Summary of the type of contact and the numerical
value used

Connection Type of Coefficient
coupling clutch

Cancellous bone/cortical bone | Bonded -

Cortical bone/fixture Bonded -

Cancellous bone/fixture Bonded -

Fixture/OT Equator Frictional 0.2

OT Equator/Seeger Frictional 0.35

OT Equator/abutment Frictional 0.2

Seeger/abutment Frictional 0.35

Abutment/bridge Bonded -

tissues (cortical and cancellous) that should be anisotropic
have been classified as orthotropic. Therefore, the numerous
alteration parameters in the three space vectors in response
to the stress have been recorded.'*®

Results

Analyzed with the other manuscripts published to date in the
scientific literature, this study is presenting a reproduction
as detailed as possible: interaction between the surfaces of
nonpenetration with friction and preloading of the passant
screw. In the past, it was common to apply a “joint” relation
between the sections and not to consider preload stress, nev-
ertheless, to the detriment of the truthfulness of the data. In
this specific study, the authors obtained a balance for achiev-
ing outcomes that are as similar to reality.%'8-23

A CAD drawing of each element has been developed and
then assembled in a unique model with relative adaption. At
the same time, the purpose of the investigation is to research
the global tension on the four groups. A compression vertical
load of 800 N has been applied to the model.

Test 1 Results

From the analysis of the results from “Test 1” (~Figs. 3-6),
it can be seen that the maximum value reached on the
prosthesis is equal to 291 MPa (tension lower than that
of yield) while for the bone the value found is equal
to 83 MPa. By preparing a detail of the four prostheses,
removing the bone from the analysis, it can be seen that
the results remain unchanged. From a preliminary anal-
ysis, it can be seen how the two posterior prostheses are
more stressed than the anterior ones. The bridge is loaded,
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Fig. 3 Von Mises stress related to the connection screws.

Fig. 5 Total movement of the system on Test 1(A), 2(B), 3(C), 4(D).

with greater intensity, on the left side (the prostheses are
not mounted symmetrically). It can be noted that the most
stressed element is the connecting screw. In particular,
the most stressed screw is the left front, since the load is
unloaded more on it.

For the comparison of the four system configurations, it
is useful to evaluate the displacements of the system to
characterize its lability. It is easy to read/note that the dis-
placement calculated as the result of the three movements
along the three axes x, y, and z is greater in correspondence
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Fig. 6 Von Mises stress related to test 1(A), 2(B), 3(C), 4(D).

with the implant, on the rear left. Once the overall dis-
placements of the system have been calculated, they are
assessed along each individual axis. From the evaluation
of the displacements along the x-axis, it can be noted that
the greatest displacement along the increasing x is located
on the left posterior stump. Moving on to the evaluation
of the displacements along the y-axis, a displacement can
always be noticed along the positive y in the same area.
This points out that from the set compression load, twist-
ing moments arise along the x and y axes. Ultimately, the
displacements along the z-axis are checked, to note if
there is also a bending of the implant beyond the torsion.
This analysis shows that there is a displacement along the
positive z precisely on the anteriorly mounted prostheses.

The results obtained from “Test 1” show that the most
stressed elements are the connection screws. It can also be
noted that the displacement modules along the three axes are
contained around 0.1 mm. It can be concluded that the implant
is fixed, and resists under a static load of 400 N per molar.

Test 2 Results

From the analysis of the results from “Test 2” (~Fig. 3-6), it
can be seen that the maximum value reached on the pros-
thesis is equal to 314 MPa (tension lower than that of yield)
while for the bone the value found is equal to 118 MPa. A
different distribution of the tensions can be seen, given the
fact that the implants are constrained on three surfaces and
no longer on four. Furthermore, the rear left screw is more
loaded than in the previous case, even if the peaks are found
in the front right one.

Moving on to the evaluation of the displacements along the
y-axis, a displacement can always be noticed along the nega-
tive y in the same area. This points out that from the set com-
pression load, twisting moments arise along the x and y axes.

Ultimately, the displacements along the z-axis are checked,
to note if there is also a bending of the implant beyond the
torsion. From this analysis, it appears that there is a dis-
placement along the positive z precisely on the prostheses
mounted anteriorly, especially in the nonanchored area.

The results obtained from “Test 2” show that the most
stressed elements are the connection screws. It can also be
noted that the modules of the movements along the three



axes are contained around 0.2 mm. It can be concluded that
the implant is once again fixed, and resists under a static load
of 400 N for molars.

Test 3 Results

From the analysis of the results from “Test 3,” as shown in
~Figs. 3-6, it can be seen that the maximum value reached
on the prosthesis is equal to 346 MPa (lower tension than the
yield strength) while for the bone the value found is equal to
153 MPa.

By preparing a detail of the four prostheses, removing
the bone from the analysis, it can be seen that the results
remain unchanged. From a preliminary analysis, it can be
seen how the two posterior prostheses are more stressed
than the anterior ones. The bridge is loaded, with greater
intensity, on the left side (the prostheses are not mounted
symmetrically).

A graph was drawn relating to the trend of the volt-
ages generated at the equator interface/connection screw,
to examine how the voltage state in this area varies. It can
be noted that the most stressed element is the connecting
screw. In particular, the most stressed screw is the one on the
rear left, since the load is more discharged on it.

A different distribution of the tensions can be seen, given
the fact that the implants are constrained on two surfaces
and no longer on four. Furthermore, the rear left screw is
more loaded than in the previous case. Moving on to the eval-
uation of the displacements along the y-axis, a displacement
can always be noticed along the negative y in the same area.
This points out that from the set compression load, twisting
moments arise along the x and y axes.

Ultimately, the displacements along the z-axis are
checked, to note if there is also a bending of the implant
beyond the torsion. This analysis shows that there is a dis-
placement along the positive z precisely on the anteriorly
mounted prostheses.

The results obtained from “Test 3” show that loading the
system with 87% of the total load leads to a condition in
which the resultant of the movements reaches a value around
0.3 mm, a value for which it could have system instability.

Test 4 Results

From the analysis of the results from “Test 4,” as shown in
= Figs. 3-6, it can be seen that the maximum value reached
on the prosthesis is equal to 208 MPa (lower than the yield
stress) while for the bone the value found is equal to 83 MPa.

By preparing a detail of the four prostheses, removing the
bone from the analysis, it can be seen that the results remain
unchanged. From a preliminary analysis, it can be seen how
the two posterior implants are more stressed than the ante-
rior ones. The bridge is loaded, with greater intensity, on the
left side (the prostheses are not mounted symmetrically).

It can be noted that the most stressed element is the
bridge. A different distribution of the strain can be seen.
Furthermore, using this setup, it can be noted that the OT
Equator attachment is more stressed than in previous cases,
since as it is no longer anchored with the connection screws;
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the stump by rotating applies pressure on the OT Equator
attachments.

For the comparison of the four system configurations, it is
useful to evaluate the displacements of the system to charac-
terize its lability. It is easy to read/note that the displacement
calculated as the result of the three movements along the
three axes x, ¥, and z is greater in correspondence with the
two front implants.

Once the overall displacements of the system have been
calculated, they are assessed along each individual axis. From
the evaluation of the displacements along the x-axis, it can be
noted that the greatest displacement along the increasing x is
located on the left posterior stump.

Ultimately, the displacements along the z-axis are
checked, to note if there is also a bending of the implant
beyond the torsion. This analysis shows that there is a dis-
placement along the positive z precisely on the anteriorly
mounted prostheses.

The results obtained from “Test 4” show that loading the
system with 12% of the total load leads to a condition in which
the resultant of the movements reaches a value around
0.4 mm. It can be concluded that this system is unstable. It is
therefore not advisable to use such a conformation.

Even all the developed prosthodontic elements showed
a typical system associated to the chewing cycles; the most
stressed component of the fixture is represented by the
connecting screw.'?*?” Bar overdenture is a common and
well-adaptable treatment option because of its stress distri-
bution, but its cost is high and patients sometimes choose to
have higher results with lower expenses (~Figs. 4-6).'5172

Discussion

Recently, several published papers highlighted how in reha-
bilitative dentistry the parameters of knowledge relating to
screw retention, prosthodontic properties, and the dental
implant osteointegration phenomena are fundamental for
having a long-term clinical success. A further analysis about
the biomechanical parameters of the oral cavity anatomy
and physiology is important for the knowledge of the bone
mechanical properties as well as for a precise data on the
jawbone shape and size.** In the past 20 years, biomaterial
internal geometry and structure have largely assisted in the
integration of FEM in the product realization process.>*!

The advantages of FEM in the biomedical area are several.
The most actual is connected to the chance of FEM that can
enable early device efficiency testing prior to costly proto-
typing and bench testing.>2** For the four tests, it was chosen
to apply a load of different entity. This opportunity is dic-
tated by the fact that by eliminating one anchor at a time, it
could be seen that the displacements and tensions have an
increasingly accentuated variation. Paying attention to the
displacements, related to the system, it can be seen that in
the last test, where it was chosen to stress the system with a
load that is 12% of the total, the displacement of the system is
four times greater than the first test in which all the prosthe-
ses were anchored with connection screws.
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It can be noted that although in the last test it was chosen
to stress the system with a load that is 12% of the total, the
resulting stress is 60% compared with the maximum stress
calculated in the four tests.3*3 In the field of dentistry, the
shape of prosthodontic instruments for retained overdenture
base and for fixing full-arch denture has been amply stud-
ied in the recent literature, for researching the integration
and the wear influenced by the masticatory cycles. The OT
Equator attachments have been recently studied because it
is on trade just by 2007. This retainer can be applied both
for overdenture with direct connection and for overdenture
placed over a secondary structure.* A review and meta-anal-
ysis performed by Keshk et al*’” published on 2017 about
full-arch dental fixation systems and about their condition-
ing over the peri-implant bone loss showed how there are
no statistically significant anomalies between the kinds of
overdenture attachments with regard to marginal bone loss,
bleeding index, gingival index, and plaque index.>”** The real
innovation in this method of attachment lies precisely in
the presence of an acetal ring, called seeger (=Fig. 1), which
guarantees stability and retention to the prosthesis even in
the absence of screwing systems, thus promoting a distribu-
tion of forces.

Conclusion

It could therefore be concluded that the first two configu-
rations, respectively those in which there are four connec-
tion screws and three connection screws, are safe, since the
stresses generated are lower than the yield points of the mate-
rial. Test 3, in which only two connecting screws are used,
highlights the possible instability of the system. In this case,
although the load is 87% compared with the loads applied
in the previous tests, the tensions that arise are 1.5 times
higher than the first two tests. Finally, the last test highlights,
as previously discussed, the possible instability of the system
due to the failure to anchor with implant connection screws.
The screw methods are a guarantee of fixation; however, the
presence of the seeger significantly improves the stability
and the retention of the whole prosthesis, as demonstrated
by the tests. Higher, long-term stability could be expected
using four and three screws. The new shape and the presence
of seeger could be useful for increasing the stability of a full-
arch prosthesis system delivered on four implants, particu-
larly when one out of four screws is excluded. Clinical studies
are recommended to confirm those results.
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