Stress Distribution in the Abutment and
Retention Screw of a Single Implant Supporting
a Prosthesis with Platform Switching
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Purpose: Three-dimensional finite element analysis was conducted to evaluate and compare the stress
distribution in the abutment and retention screw of implant-supported single crowns with platform switching
and with a conventional platform under vertical and oblique loading. Materials and Methods: Two finite
element models were created simulating an osseointegrated implant (4 X 10 mm, platform 4.1 mm)
embedded in jawbone. One model simulated a 4-mm-diameter abutment connection (conventional model)
and the other represented a 3.8-mm-diameter abutment connection (platform-switched model). A crown with
a cobalt-chromium framework and feldspathic porcelain veneering was applied to the titanium abutment.
Static vertical and oblique loads were applied to the crown, with a maximum load of 150 N. Results: In both
models, the highest stress values occurred in the abutment during vertical and oblique loading. Nevertheless,
the von Mises stresses in the abutment and the retention screw were lower in the platform-switched model
than in the conventional model. During axial loading, the abutment and screw supported slightly less stress
in the conventional model than in the platform-switched model. Increases in the angle of force application
caused a progressive increase in stresses in the abutment and screw in both models. The maximum stress
was distributed at the margin and transgingival area of the abutment and on two-thirds of the flat area and
the first threads of the retention screw in both models. Conclusions: Platform switching reduced the stress
values on the abutment and retention screw of a single-unit prosthesis during oblique loading. Regardless of
whether platform switching was employed, the stress on the abutment and screw gradually increased as the
loading direction changed from vertical to 45 degrees oblique. The locations and distributions of stresses
were similar in both models. INT J ORAL MAXILLOFAC IMPLANTS 2013;28:112-e121. doi: 10.11607/jomi.2813
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reatment with dental implants to replace one or
more lost teeth is a predictable and safe method,
with survival rates of 89.4% for single crowns and 77.8%
for fixed partial prostheses over 10 years.! Implant-
supported restorations have many advantages over
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tooth-supported fixed prostheses. A large amount
of research has been carried out to determine which
factors influence the preservation or loss of the bone
around implants, which has helped to achieve the
high rates mentioned and reduce the risk of implant
failure as a result of peri-implant bone loss. The studies
by Gardner? and Lazzara and Porter® focused interest
on the platform-switching concept, which consists of
the placement of abutments and prosthetic elements
with a diameter smaller than that of the implant plat-
form. In subsequent years many clinical, histomorpho-
metric, and biomechanical studies were published to
prove the efficacy of this procedure in preserving peri-
implant bone. All commented on the clinical result
of less peri-implant bone loss in platform-switched
models than in conventional models.*-? Although no
significant differences were found in the few available
histomorphometric analyses,'®'! this was perhaps a re-
sult of the small size of the samples and the insufficient
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time employed. On the other hand, biomechanical
studies confirm the clinical data, with results showing
that the stresses in the bone around the implant neck
were lower in platform-switched models than in those
without platform switching'>'* and regardless of the
type of implant-abutment connection, intensity, and
direction of occlusal loading.'>'6

However, given that the platform-switching advan-
tage manifests itself in a reduction in bone loss and
stresses in the bone around the implant, there are few
studies in the literature demonstrating the influence of
platform switching on the distribution of stresses on
the abutment and retention screw of a single-implant-
supported crown and the effects of occlusal loading on
this kind of restoration. A study carried out by Maeda et
al'? discussed how the stress is distributed lengthwise
by the abutment up to the bone-implant contact in the
direction of the applied force, a study undertaken by
Hsu et al'* showed how the platform-switching model
concentrated the stress at the implant-abutment in-
terface level, and a study by Rodriguez-Ciurana et al'”
revealed that the tensions in the implant-abutment
assembly were higher in assemblies with platform
switching than in those without platform switching. In
any case, there are insufficient and contradictory data
with regard to the type of prosthetic components and
the main concentration of stress in prosthetic compo-
nents to provide definitive guidelines to avoid and pre-
vent technical and mechanical risks. Mechanical and
technical problems are relatively frequent in implant-
supported fixed prostheses, although they are sig-
nificantly more common with tooth-supported fixed
prostheses.” In a systematic review referring to an im-
plant-supported prosthesis without platform switch-
ing, screw loss was responsible for 8.2% of failures,'”
6% of failures'® were caused by mechanical problems,
and screw fracture accounted for 2% of failures.'”/18

Therefore, the hypothesis is for the present study as
follows: platform switching on an implant-supported
single crown will decrease and improve the stress dis-
tribution in the abutment and retention screw com-
pared to a non—-platform-switched assembly. The aim
of the present study was to determine the quantity and
distribution of stresses on the abutment and reten-
tion screw of an implant-supported single crown with
platform switching under occlusal axial and nonaxial
loading and compare this to the stresses seen without
platform switching.

MATERIALS AND METHODS

Finite Element Model Design
A three-dimensional (3D) finite element model was
constructed to evaluate the stress distribution in the

abutment and retention screw of an implant-supported
single crown. An edentulous mandibular posterior
bone segment (type 2, according to the classification
by Lekholm and Zarb'®) was modeled; the bone was
assumed to be 23 mm in height inferosuperiorly and
12 mm in width buccolingually formed by cortical bone
and trabecular bone, as other authors noted in their
studies.20-22

The geometry of the Certain Prevail Implant (Biomet
3i) (4.0-mm body diameter, 4.1-mm-diameter plat-
form, 13 mm length) was used as a reference to model
a threaded implant. One finite element model includ-
ed a 4.1-mm-diameter, 5-mm-high abutment connec-
tion and gold retention screw (Gold-Tite, Biomet 3i)
to serve as the non-platform-switched model. The
other implant/abutment model simulated a 3.8-mm-
diameter, 5-mm-high abutment connection (Gingi
Hue, Biomet 3i) with a gold retention screw to serve as
the platform-switched model. A cobalt-chromium (Co-
Cr) alloy and porcelain-fused-to-metal crown, 8 mm
in height, 10.6 mm in buccolingual and mesiodistal
diameter, and with 3 mm of occlusal thickness (1 mm
of alloy; the veneering material varied from 1 mm to
1.5 mm from cervical to occlusal area), was applied to
the titanium abutment.

Material Properties and Interface Conditions
All the materials used in these models were considered
linearly elastic, homogeneous, and isotropic. Values for
elastic moduli and Poisson ratios of the different mate-
rials were taken from the literature?3-26 (Table 1).

It should be noted that a system made up of one
or more elements is homogeneous only when its
properties are identical in all its parts. In addition, if
the directional properties (such as thermal dilatation,
mechanical resistance, or the speed of light) are the
same in all directions, it is considered to be isotropic.
On the other hand, static linear models have been
used in studies with finite elements and are consid-
ered reliable if the structure shows a linear relationship
between tension and deformity until a level of stress
known as the proportional limit is reached and if all
volumes are combined to form a single unit. Bone is
not isotropic or linearly elastic.?®> However, it was con-
sidered to be so for the present study, because it is
necessary to perform certain simplifications to make
it possible to process and obtain results'?-1627 at a rea-
sonable computational cost.

Furthermore, the bone-implant interface was
considered perfect, with 100% osseointegration, in
agreement with similar studies.???® The cement layer
between the crown and the abutment was not consid-
ered, and the crown-abutment and the abutment-im-
plant were assumed to be completely bonded without
any loosening.
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Table 1 Mechanical Properties of Modeled Materials and Structures

Material Structure

Titanium Implant 110.0
Titanium alloy Abutment 107.2
Gold alloy type llI Retention screw 100.0
Co-Cr alloy Crown framework 218
Feldspathic porcelain Crown veneer 68.9

Young’s modulus (GPa)

Poisson ratio Reference

0.35 Lewinstein et al?®

0.33 Suansuwan and Swain?*
0.30 Geng et al?®

0.33 Anusavice and Coscone?®
0.28 Geng et al?®

Loading and Boundary Conditions

For both models (with and without platform switch-
ing), a load of 150 N was applied to the central occlu-
sal fossa of the crown and systematic varied loading
directions were simulated, with buccolingual loading
at angles of 0, 15, 30, and 45 degrees in relation to the
long axis of the implant. These angles were chosen
because they make it possible to simulate the biome-
chanical performance of angled implants, since these
are frequently encountered clinically.

The data for von Mises stresses and strain were pro-
duced numerically, and stresses in the finite element
models were color-coded to allow comparison of the
biomechanical differences between the conventional
and platform-switched models. The finite element
models representing mandibular bone segments and
the implant assemblies were created and meshed us-
ing commercial 3D finite element software (ANSYS
11.0, ANSYS) and processed in a computer (Hewlett-
Packard xw8400, microprocessor Intel Xeon Dual Core
5100, 2.6 GHz, 16 GB of RAM, dual hard drives of 250 GB
SATA and 2.5 TB [7,200 rpm]). The model that simulated
a conventional restoration was composed of 59,206 el-
ements and 73,237 nodes, and the platform-switched
model was composed of 61,673 elements and 77,091
nodes. The bone, dental implant, abutment, veneer-
ing framework, veneer material, and retention screw
were modeled by means of SOLID187, a higher-order
3D, 10-node element with three degrees of freedom
at each node and translations in the nodal x-, y-, and
z-axes. The element in question has quadratic behavior
in its displacements and is well suited for the modeling
of irregular meshes.

RESULTS

The study focused on the distribution and values of the
highest stress/deformation; thus, the von Mises stress
was chosen to display the results of the computations.
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Stress/Deformation Distribution in the
Abutment

The stresses/deformations in each model under var-
ied loading directions were examined carefully. The
abutment in the platform-switched model (Table 2)
displayed stresses of 39.594 MPa with an axial load of
150 N; these stresses increased progressively as the
load became more inclined. When the force direction
was inclined by 15 degrees, the stress was approxi-
mately four times greater (155.61 MPa), at 30 degrees
it was seven times greater (270.06 MPa), and at 45 de-
grees it was nine times greater (371.48 MPa).

The von Mises stresses in the abutment of the plat-
form-switched model were lower than those seen in
the abutment of the conventional model for all load-
ing directions except for axial loading (36.028 MPa),
which was slightly higher in the platform-switched
model. The reduction of stresses in the abutment with
platform switching, versus the conventional abut-
ment, was 36.91% at 15 degrees, 39.69% at 30 degrees,
and 40.07% at 45 degrees, but under axial loading
the stresses increased by 9.9%. The greatest stress
was registered in the abutment in the conventional
model for any off-axis load. However, the stress gradu-
ally increased from 0 to 45 degrees in both models. In
contrast, the greatest deformation of the abutment oc-
curred in the platform-switched model with the most
inclined load (45 degrees), and for both models, the
deformation of the abutment increased gradually as
the inclination of the load increased, although the in-
crease was slightly smaller in the conventional model.

For both models, during axial loading, the von
Mises stresses decreased at the margin of the abutment
and gingiva; this also occurred in the most coronal and
medial zones of the abutment. Under oblique loading
(15, 30, or 45 degrees) and regardless of the model,
the stress disappeared in the most coronal zone of the
abutment and was concentrated in a well-delineated
zone that did not extend far from the margin and the
gingival part of the abutments (Figs 1 and 2).
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Fig 1 Von Mises stress distribution in the abutment under ver-
tical and oblique loading in the platform-switched model; (a) O
degrees, (b) 15 degrees, (c) 30 degrees, (d) 45 degrees.

Fig 2 Von Mises stress distribution in the abutment under
vertical and oblique loading in the conventional model; (a) O de-
grees, (b) 15 degrees, (c) 30 degrees, (d) 45 degrees.

Stress/Deformation Distribution in the
Retention Screw

In comparison to the conventional model, the plat-
form-switched model showed lower levels of von
Mises stress under oblique loading (15, 30, and 45
degrees); the reductions were 34.39% at 15 degrees,

a b
c d
a b
c d

33.31% at 30 degrees, and 37.73% at 45 degrees of in-
clination. However, axial loading increased the stress in
the screw of the platform-switched model by 22.89%
(20.509 MPa, versus 16.689 MPa in the conventional
model). Nonetheless, the stress gradually increased in
both models as loading changed from a vertical to a
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Table 2 Von Mises Stresses and Deformation in the Abutment, Retention Screw, and Implant in

Platform-Switched and Conventional Models During 150-N Load Application

Von Mises stresses (MPa)

Deformation (mm)

Component/model 0 deg 15 deg 30 deg
Abutment
Platform-switched 39.594 155.612 270.063
Conventional 36.028 246.273 447792
Retention screw
Platform-switched 20.509 55.703 99.475
Conventional 16.689 84.906 149.163
Implant
Platform-switched 38.623 48.867 77.737
Conventional 37.355 53.039 85.521

45 deg 0 deg 15 deg 30 deg 45 deg
371.484 0.0063 0.0172 0.0296 0.0406
619.883 0.059 0.0162 0.0279 0.0381
136.623 0.0053 0.0096 0.0152 0.0202
203.052 0.0052 0.0095 0.0152 0.0201
103.690 0.0053 0.0084 0.0119 0.0152
112.352 0.0053 0.0087 0.0125 0.0157

45-degree oblique load, with greater increases in the
conventional model (Table 2). With respect to defor-
mation of the retention screw, there was no difference
between the conventional and the platform-switched
models. Although deformation of the retention screw
gradually increased with the inclination of the applied
force, it was always less than the deformation found in
the abutment.

Under vertical loading, the stress distribution was
similar in both models. The von Mises stresses were
seen adjacent to the apical half of the flat area and the
first two to three threads of the screw, as well as on
the apical part of the screw-head at the abutment-
retention screw interface. When oblique loads (from 15
to 45 degrees) were applied, the concentration of stress
remained similar in the two models, although there
were differences versus vertical loading. The stresses
were distributed on the apical half of the flat part of
the screw and the first thread, and on a small surface of
the most apical area of the screw (Figs 3 and 4).

DISCUSSION

Limitations of Justifications for the Finite
Element Model

This study applied 3D finite element analysis to evalu-
ate the effect of platform switching on stress distri-
bution in the abutment and retention screw during
occlusal loading at different angles. Finite element
analysis has been used for more than 20 years to
provide information about the mechanical environ-
ment in the implant, peri-implant bone, prosthetic
components, and prostheses in many different situa-
tions. However, the use of mathematical models and
computer simulations involves undertaking several
simplifications related to material properties, geom-
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etry, and loading conditions, meaning that the data do
not directly correspond to the results in clinical prac-
tice. Thus, when applying the results of finite element
analyses, a qualitative comparison between models
is recommended, rather than a focus on quantitative
data.?® Therefore, the present models cannot provide
absolute, realistic values of stress/strain on the abut-
ment and retention screw in a clinical situation. How-
ever, for a comparative study, such simplifications are
considered to be reasonable insofar as the constructed
models reflect the clinical situation. Material proper-
ties greatly influence the distribution of stress and
deformation in a structure, and although these proper-
ties can be modeled as isotropic, transversely isotropic,
or anisotropic, in most studies (including the present
study), the assumption is made that the materials are
homogeneous and linearly isotropic.'620:3031

The Gingi Hue cementable abutment has been used
by other authors in studies of the platform-switched
model,'® whereas other studies that modeled pros-
thetic components used a straight abutment similar to
those used in the present study.'31>2030 | oads are ap-
plied to a healing abutment'?2232 or directly to the im-
plant.333# Although modeling of the retention screw is
not common in the literature, the Gold-Tite retention
screw used here is different from that employed by
Assuncao et al.?°

A superstructure crown of Co-Cr and feldspathic
porcelain veneering material was also modeled, as has
been done in other studies.'0203035 However, in the
present work, the data from the crown and veneering
material were not included, so that the present efforts
could be focused exclusively on the abutment and re-
tention screw. This fact will not influence the distribu-
tion of the stress on the abutment and screw because
these variables remained constant for both models in
all applied loading directions.
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Fig 3 Von Mises stress distribution in the retention screw un-
der vertical and oblique loading in the platform-switched model;
(a) O degrees, (b) 15 degrees, (c) 30 degrees, (d) 45 degrees.

a b
c d
Fig 4 Von Mises stress distribution in the retention screw un-
der vertical and oblique loading in the conventional model; (a) O
degrees, (b) 15 degrees, (c) 30 degrees, (d) 45 degrees.
a b
c d

The International Journal of Oral & Maxillofacial Implants e117

© 2013 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



Alvarez-Arenal et al

When applying finite element analysis to an im-
plant/prosthesis system, it is important to consider not
only axial loading but also oblique occlusal forces. In
this study, a 150-N load was applied vertically and 15,
30, and 45 degrees off-axis with respect to the occlu-
sal surface of the crown. Although bite force studies
indicate considerable variation from one area of the
mouth to another and between individuals, 150 N is
close to the average recorded in patients with dental
implants,3%37 it is cited in other studies,?3® and it is
considered a normal occlusal force that is very close to
actual masticatory forces.3® Nevertheless, mastication
produces complex patterns of force that are impos-
sible to reproduce, and although the results of a finite
element analysis that applies isolated forces reflect re-
ality very closely,*>#' the clinician must consider this
limitation when discussing the clinical implications
of a finite element analysis. Nevertheless, some stud-
ies have applied horizontal loads of 10 to 40 N,'%1630
together with axial loading, while other studies have
used loads varying from 100 N'322323442 yp to 250 N.'3
The different inclinations of 0, 15, 30, and 45 degrees
the applied loads were chosen because they permit
examination of the biomechanical performance of in-
clined implants and represent a variety of actual clini-
cal situations. Other authors have examined only one
inclination (0 degrees'?) or two inclinations (0 and 15
degrees,?? 10 and 30 degrees,3* or 0 and 45 degrees'),
which reduces the number of studied situations in
comparison with the present study. Other studies have
applied loads of 0 and 90 degrees,'31643 which may
not be realistic because horizontal loads are rarely (if
ever) produced during normal chewing or parafunc-
tional habits. Regarding this, Chun et al*2 applied loads
with directions similar to the present study (0, 15, 30,
and 60 degrees).

In addition, the design of the occlusal surface may
influence the stress distribution, and whenever pos-
sible a cusp-to-fossa relationship in maximum inter-
cuspation with no eccentric or interceptive occlusal
contacts in the crown should be used, given that maxi-
mum stresses were concentrated on the porcelain sur-
face at the loading points.2%#4 In the current study, the
location of force application was specifically described
as the cusp’s central fossa on the occlusal surface of the
crown. The cusp-fossa contact area was a small surface
and not a point, as described in other studies.'>14.22.28
In any case, the application of occlusal force at a point
or on a surface can be considered equivalent accord-
ing to the Saint-Venant principle. Furthermore, the
force vectors simulating the actions of the muscles of
mastication, the temporomandibular joints, and the
cement layer were not modeled, and this should be
considered an inherent limitation of this study.
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Clinical and Biologic Implications
The present study indicated that the stresses on the
abutment in models with and without platform switch-
ing gradually increase as the load inclination increases
with respect to the long axis of the implant. This trend
is similar to what may be found in the existing litera-
ture concerning the implant neck and the peri-implant
bone.33*> |n addition, it was seen that an increased
loading angle significantly worsened the distribution
of stress and strain. An oblique loading angle is, there-
fore, believed to be the most severe loading condition
and should be avoided wherever possible.3®> How-
ever, the stresses were lower in the platform-switched
model than in the conventional model under oblique
loading and slightly higher during axial loading. This
abutment performance under loads with different in-
clinations is in keeping with what has been discussed
in previous studies, in which the stresses suffered by
the abutment with and without platform switching
under axial loading’>'* and under various conditions
of oblique loading were analyzed.'® A possible reason
for the lower stresses in the abutment of the conven-
tional model may be the greater diameter of the abut-
ment, which distribute the loads better as the result of
increased contact area between the abutment, crown,
and implant. This is similar to what occurs with wide
implants, which lower the values of stress in the bone
and implant in relation to narrower implants.3346 An-
other possible reason may be the fact that the two
structures (crown and abutment) have different elas-
tic moduli. However, similar to what occurred with the
present abutment, in models of fixed partial prostheses
supported by straight and angled implants, Cruz et al3°
noted that the greatest stresses occurred during verti-
cal loading in the mesial and distal neck area of both
straight and angled implants. Similar results can be
found in the design of tooth/implant-supported fixed
dental prostheses with rigid and nonrigid connectors 3’
Of the structures involved in the present study—
abutment, screw, implant, cortical and trabecular bone
(no data available for the latter two)—the abutment is
the structure that supported the most stress, especially
under an oblique load, regardless of the platform. This
result coincides with other studies’#”48 that reported
increased stress in the abutment and implant-abutment
interface in a platform-switched configuration; in con-
trast, Pellizzer et al*8 found a similar distribution pattern
but only a minor area of stress concentration in the abut-
ment and the implant/abutment interface. Therefore,
the prosthetic abutment can be an important factor in
the transmission and distribution of the stress to the
implant and peri-implant bone. In the present analysis,
platform switching did not dramatically modify the lo-
cation and distribution of the stress in the abutment;
in both models, the highest stresses were seen at the
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margin and the transgingival area of the abutment. This
fact supports the need to increase the resistance of the
gingival area of the abutments. However, Sun et al,*° in
a conventional model made up of an implant and solid
abutment simplified into one unit, and an all-ceramic
superstructure, reported that the greatest displacement
of the implant-abutment complex was at the top of the
abutment under both axial and oblique loads, and the
displacement decreased from the top of the abutment
to the bottom of the implant. Nevertheless, deformation
of the abutment, although it was more pronounced in
the model without platform switching during any an-
gulation of force application, was still below the elastic
limit or abutment fracture limit reported by Aramouni
et al’; that is to say, the abutment would support the
stresses without a problem, regardless of the inclination
of the load, and this low fracture rate is supported by the
literature.!”

In the present study, the stress in the retention screw
of the abutment showed a similar performance to that
of the abutment. The stress in the screw of the platform-
switching model at any degree of load inclination was
lower than in the conventional model, and in both mod-
els, the stress in the screw gradually increased as the load
became more inclined. However, as had occurred in the
abutment under an axial load, the retention screw of the
conventional model supported less stress than that of
the platform-switched model. Therefore, the absence of
platform switching, with an exception in the case of axial
loads, may lead to overloading and instability of the re-
tention screw, resulting in fracture or loss of the screw.
These phenomena are the result of the larger diameter
of the abutment of the conventional model, versus the
platform-switched abutment, which results in a higher
torque in the conventional abutment model than in the
platform-switched model. Therefore loss and fracture
are more likely to occur in the conventional model. In
addition, this major stress could be transferred from the
retention screw to the implant, compromising osseoin-
tegration. However, this is a controversial claim, because
in the present study, the stress value in the screw was
higher than that in the implant for any load angulation.
This result is in disagreement with the results of a study,
very similar to the present study, that reported a large
amount of stress around the implant neck and little stress
concentrated along the abutment screw. According to
this trend, the stress value will increase in the screw of a
single implant-supported prosthesis in the absence of a
precise fit of the framework to the implant.?°

On the other hand, in this study, platform switching
did not have a significant influence on the location and
distribution of the stress/deformation in the retention
screw. In both models it was distributed along the api-
cal half of the screw stem, dissipating toward the first
and second threads (and to a lesser degree along the

apical area of its head), that is, in the area of transition
between the flat and the threaded part of the screw,
and not along the screw itself.>! This result shows the
possible location of frequent screw fractures and is in
agreement with what has been empirically observed
in clinical practice and with the manufacturers of the
Branemark System, who have admitted that the reten-
tion screw is the weakest part of the system. It may
then be of interest to reduce the stress on the screw
with platform switching or by using rigid materials for
the manufacture of the prosthetic crown, because it
has been proven that materials with a high modulus of
elasticity decreased the stress within retention screws
and frameworks,2%3253 as did the use of an internal-
connection implant system. Despite the fact that there
are many different joints between abutments and im-
plants, an internal connection (in which part of the
abutment is introduced into the implant structure) can
reduce biomechanical complications in the abutment
screw.”'* A study>® that compared, in vitro, four con-
nections of four different systems showed that the bio-
mechanical fatigue and the elastic or fracture limit of
the components were directly dependent on the type
of implant-abutment connection. In the case of over-
loading, a fracture would occur in the weakest area of
the implant-abutment-screw complex.

In the present study, the deformation seen in the
abutment screw was not affected by a narrower plat-
form. However, it was affected by load inclination. For
both models, the deformation was similar during axial
loading. However, when a load was applied at 45 de-
grees, the deformation was four times higher than dur-
ing vertical loading. These deformation values in the
screw were, however, lower than those registered in
the abutment and may be below the values for screw
fracture or even below the force required for loosen-
ing. Therefore, loosening of the screw should be con-
sidered as a consequence of stress/deformation and
should be seen as a possible sign of overload preced-
ing a fracture of the screw.>6->8

CONCLUSIONS

The present research was performed in accordance
with accepted finite element analysis methodology. A
unique convergent finite element model was employed
for each of the abutment designs; therefore, no statisti-
cal sampling was performed. Within the limitations of
this study, the following conclusions can be drawn:

1. The von Mises stresses on the abutment and abut-
ment screw were lower in the platform-switched
model than in the conventional model during
oblique loading.
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2. The lowest stress values on the abutment and

screw occurred during axial loading and were
slightly lower in the conventional model than in
the platform-switched model.

The stresses on the abutment and retention screw
gradually increased as the load became more in-
clined in both the platform-switched and the con-
ventional models.

Concentration of stresses occurred in the trans-
gingival area and at the margin of the abutment,
in two-thirds of the flat stem of the retention
screw, and in the flat area and the first threads of
the retention screw. Platform switching had very
little influence on the location of stresses in the
abutment and abutment screw. This was similar
in both models during axial and oblique loading.
Finally, it should be noted that, even though the
von Mises stresses on the abutment were lower in
the platform-switched model than in the conven-
tional model, the stresses seemed to be dissipated
in the form of abutment deformation, which was
greater in the platform-switched model. Because
of the uniqueness of each model, the finite ele-
ment solutions cannot be analyzed statistically.
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