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Influence of Platform and Abutment Angulation on PeriImplant Bone. A Three-Dimensional Finite Element Stress
Analysis

The aim of this study was to evaluate stress distribution on the peri-implant bone, simulating the influence of Nobel
Select implants with straight or angulated abutments on regular and switching platform in the anterior maxilla, by
means of 3-dimensional finite element analysis. Four mathematical models of a central incisor supported by
external hexagon implant (13 mm 3 5 mm) were created varying the platform (R, regular or S, switching) and the
abutments (S, straight or A, angulated 158). The models were created by using Mimics 13 and Solid Works 2010
software programs. The numerical analysis was performed using ANSYS Workbench 10.0. Oblique forces (100 N)
were applied to the palatine surface of the central incisor. The bone/implant interface was considered perfectly
integrated. Maximum (rmax) and minimum (rmin) principal stress values were obtained. For the cortical bone the
highest stress values (rmax) were observed in the RA (regular platform and angulated abutment, 51 MPa), followed
by SA (platform switching and angulated abutment, 44.8 MPa), RS (regular platform and straight abutment, 38.6
MPa) and SS (platform switching and straight abutment, 36.5 MPa). For the trabecular bone, the highest stress
values (rmax) were observed in the RA (6.55 MPa), followed by RS (5.88 MPa), SA (5.60 MPa), and SS (4.82 MPa). The
regular platform generated higher stress in the cervical periimplant region on the cortical and trabecular bone than
the platform switching, irrespective of the abutment used (straight or angulated).
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INTRODUCTION

T
1

he finite element analysis (FEA) method
is accepted as an important tool for
understanding mechanical responses in
biologic research and in the study of
stresses resulting from masticatory forces
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applied on supporting bone structures,1 especially
when implant dentistry is considered, in which the
biomechanical aspects of the denture have a
significant influence on the success of osseointegrated implants. FEA enables the biomechanical
analysis of stresses induced by the entire system
under different clinical situations. One of the
aspects of implant therapy that represents a great
challenge is the placement of implants and
subsequent restoration in esthetic areas because
in these regions the peri-implant bone level and
consequent positioning of the gingival tissue are
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Influence of Platform and Abutment on Peri-Implant Bone

MATERIALS

AND

METHODS

After obtaining approval from the Human Research
Ethics Committee (Process 2008/01845) and a
signed term of free and informed consent from
the patient, a computerized tomography (CT) scan
of the patient’s maxilla was performed to obtain the
CT images in DICOM format.
Based on a tomography image, several slices
were obtained after scanning the anterior maxillary
bone. For the solid model design, the slices were
serially selected using Mimics, version 13 (Materialise, Leuven, Belgium) for 3-dimensional reconstruction. All maxillary structures (cortical bone and
trabecular bone) were included in the solid model.
After this, the solid model was exported from
SolidWorks 2010 software (Inovart, São Paulo, SP,
Brazil). The dental implant, implant abutments,
screw, and adaptor were modeled in SolidWorks
software, using digitalized photographs and x-rays
of dental implants and implant abutments.7 All
structures were created with real dimensions and
features. The incisor crown was created based on
previous microtomography image of natural teeth.
Following, based on Boolean’s operations (implant, abutment, screw, adaptor, crown, and bone)
were grouped to form study models. Thus were the
four models used in this study created, varying the
implant (regular or switching) and the abutment
(straight or angulated) (Figure 1). The models
contained the implant, abutment, adaptor, and
fixation screw placed in the anterior segment of
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the maxilla with cortical and trabecular bone
corresponding to the region of the left central
incisor. Nobel Biocare, Replace Select Tapered
(Nobel Biocare, Zürich, Switzerland) cylindrical
implants with the thread design, 13 mm 3 5 mm,
made of commercially pure titanium, were connected to the 5-mm abutments for a conventional
platform and 4.1 mm for platform switching,
straight and angulated at 158. In the Nobel System,
an adaptor (Adapter PS WP-RP) is used to transform
the conventional connection (implants and abutments of the same diameter) into platform switching.
The implants were restored with metal ceramic
crowns, the superstructure being made of gold and
its respective lining of feldspathic porcelain, measuring 7 mm in the vestibulolingual direction, 9 mm
in the mesiodistal direction, and 10 mm high.
Considering that the simulated prosthesis was
cemented, 50 lm of space was kept between the
crown and abutment, referring to the cementation
line of parts. The mechanical properties of Panavia
self-etch resin cement (Kuraray, Osaka, Japan) were
used. The models were denominated according to
their variations: RS and RA (regular platform with
straight and angulated abutment, respectively) and
SS and SA (platform switching with straight and
angulated abutment, respectively).
After producing the models, they were transported to the finite element program ANSYS
Workbench 10.0 software (Swanson Analysis Inc,
Houston, Pa) to determine the regions and generate
the finite element mesh (Figure 2).
The mechanical properties of the materials were
based on the specific literature (Table 1).8–10 All
materials were considered isotropic, homogeneous,
and linearly elastic.
The 4 models had the same loading force
applied on the lingual surface of the prosthetic
crown, in incisal region, with a magnitude of 100
N11 in 458 with the long axis of the implant (Figure
3). The fixed support was determined along the 3
Cartesian axes (x ¼ y ¼ z ¼ 0) to characterize the
boundary condition. The bone-implant interface
was considered perfectly integrated.12,13
Parabolic tetrahedral elements were used for
mesh refinement, which was established by the
convergence of analysis (6%).14 The models showed
a number of elements ranging from 106 237 to
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critical factors of the esthetic result. Preservation of
the bone crest around the implant and maintenance of the gingival papilla are of fundamental
importance.2,3 The platform switching concept,
introduced by Gardner4 and Lazzara and Porter,5
affirms that the use of abutments with a smaller
diameter in an implant with a larger diameter allows
a potential increase in the preservation of the bone
crest, favoring the maintenance of the supporting
tissues, which is very important in the outcome of
treatment.6 Thus, the aim of the present study was
to make a linear evaluation by 3-dimensional FEA of
the distribution of stresses generated by implants in
the maxilla, in the region of the left central incisor,
using two different types of abutments—straing
and angulated, in regular and in platforms switching.

Martini et al

115 079 and a number of nodes ranging from
170 880 to 184 749.
For analysis of the results, the maximum (rmax)
and minimum (rmin) principal stress values were
obtained for the cortical and trabecular bones.
According to Rocha et al,15 these analysis criteria are
appropriate for predicting failures in nonductile
materials.
RESULTS

All of the values obtained in the analyses of the
models are shown in Table 2. Other analysis criteria
were added to complement the information obtained. In all cases, it may be observed that the
highest rmax values were concentrated in the
cervical palatine region of the cortical bone (Figure
4).
The models with platform switching (SS and SA)
generated lower levels of rmax than the implants
with conventional platform (RS and RA). For the
cortical bone, in the models with straight abutments, there was a 5.5% reduction in rmax when
platform switching and conventional platforms
were compared. In the angulated abutments, there

was a 12% reduction in the models with platform
switching.
However, the greatest variations were observed
when the abutments used were analyzed. Angulated abutments (RA and SA) generated higher rmax
values in the cortical bone in comparison with the
straight abutments (RS and SS). When the conventional platform was analyzed, there was a 25%
increase in rmax, whereas in the models with
platform switching the angulated abutments
caused an 18.5% increase. Similar behavior could
be observed in the trabecular bone.

TABLE 1
Mechanical properties of the materials used for the
finite element analysis model
Young’s
Poisson’s
Modulus (MPa) Ratio References

Material
Cortical bone
Trabecular bone
Titanium
Ceramic
Gold (superstructure)
Cement

14 000
1370
110 000
68 900
90 000
18 600

0.30
0.30
0.35
0.28
0.30
0.28

Kong et al
Kong et al
Kong et al
Kong et al
Lin et al
Lanza et al
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FIGURE 1. Models illustrating implants connected to straight and angulated abutments on a regular and a switching
platform. (a) Regular platform and straight abutment. (b) Regular platform and angulated abutment. (c) Platform switching
and straight abutment. (d) Platform switching and angulated abutment.
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DISCUSSION

There have been various studies in the literature on
stress analysis in the implant/denture system with
the use of finite element analysis.16–19 With the use

of simulations, it is possible to observe the
biomechanical behavior of this system, which
cannot be measured experimentally, in order to
add to and guide the search for information

TABLE 2
Maximum (rmax) and minimum (rmin) principal stress values, equivalent stress (rvM), and maximum (emax) and
minimum (emin) principal elastic strain on the cortical and trabecular bone for the models RS (regular platform and
straight abutment), RA (regular platform and angulated abutment), SS (platform switching and straight abutment),
and SA (platform switching and angulated abutment)

RA
RS
SA
SS

666

rmax
Cortical
Bone

rmin
Cortical
Bone

rvM
Cortical
Bone

emax
Cortical
Bone

emin
Cortical
Bone

rmax
Trabecular
Bone

rmin
Trabecular
Bone

rvM
Trabecular
Bone

emax
Trabecular
Bone

emin
Trabecular
Bone

51
38.6
44.8
36.5

45.7
38.8
38.9
32.3

38.7
30.8
37
30

2.92e–003
2.29e–003
2.67e–003
2.08e–003

2.91e–003
2.42e–003
2.77e–003
2.28e–003

6.55
5.88
5.6
4.82

1.56
2.87
5.16
3.82

5.53
6.85
5.84
6.66

3.9e–003
3.34e–003
3.94e–003
3.32e–003

3.74e–003
2.82e–003
3.75e–003
2.79e–003
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FIGURES 2 AND 3. FIGURE 2. Completed model with finite element mesh. FIGURE 3. Model representing the application of the
force in oblique direction on the lingual face of prosthetic crown.

Martini et al

Downloaded from http://meridian.allenpress.com/joi/article-pdf/39/6/663/2038257/aaid-joi-d-11-00029.pdf by guest on 09 December 2021

FIGURE 4. Maximum principal stress on cortical bone in models RS (regular platform and straight abutment), RA (regular
platform and angulated abutment), SS (platform switching and straight abutment), and SA (platform switching and
angulated abutment).

obtained in in vivo and in vitro studies. The
development of numerical models makes it possible
to evaluate the mechanical behavior of the bone/
implant/denture system and estimate fundamental
variables, such as stress and deformation of the

bone tissue and their possible consequences and
damage caused.20
Various existent theories have tried to explain
the changes observed in the bone crest height after
the insertion of implant-supported prostheses,
Journal of Oral Implantology
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position of inclined implants with the use of
angulated abutments cannot be overlooked. This
is the case particularly in the anterior region, where
the esthetic factor is determinant, and in other sites
where the anatomic structures make it impossible
to position the implant adequately.27,28 Moreover,
oblique loading more faithfully reproduces the
clinical situations that dentures are submitted to
during function, creating a greater mechanical
demand on the entire set, thus constituting an
important factor with regard to the results obtained.29
Although there are findings in this study that
complement the literature with regard to the
influence of platform switching on peri-implant
bone when straight and angulated abutments are
used, simplifications were used in the analysis, such
as a lack of evidence of contact between bone and
implant and the representation of bone with
isotropic and homogeneous properties.30 Further
studies should be designed to add more data to the
existent research, with a view to more faithful
representation in the models as far as the conditions existent in vivo are concerned.
CONCLUSIONS

Based on the analysis used in the present study, it
was possible conclude that:








The preponderant location of maximum principal
stress was on the cortical bone, in the cervical
region of the palatine face.
The implants with regular platforms produced
greater stress in the cervical region of the cortical
and medullar bone than the implants with
platform switching, irrespective of the abutment
angulation.
The angulated abutments produced greater
stress on the peri-implant bone than the straight
abutments.
The combination of platform switching/straight
abutment presented the best biologic behavior
in stress distribution on the adjacent bone
tissue.

ABBREVIATIONS

CT: computerized tomography
FEA: finite element analysis
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considering and suggesting alternatives that may
minimize these negatives changes, from the use of
a shock-absorbing material such as acrylic resin in
the form of acrylic resin artificial teeth culminating
in the use of the platform switching.1,4,5 Previous
studies demonstrated that the use of platform
switching, promoting the displacement of the
external edge of the abutment-implant interface
horizontally towards the center, distancing it from
the bone crest, would limit bone resorption around
the coronal portion of the implant.21–24 The space
between the abutment-implant, a microgap, could
be a reservoir of bacteria, which may cause
inflammation of the peri-implant soft tissue and
could cause bone resorption.2,4
When analyzing the results obtained in the
present study, it could be observed that these were
in agreement with the results found in the
literature, as it was possible to observe that in the
models with platform switching, SS and SA, the
stress values on the peri-implant tissue were lower
in comparison with those of the conventional
platform, RS and RA. Similar results were found by
Maeda et al,25 who evaluated the biomechanical
advantages of platform switching using abutments
with different diameters in implants and found
lower stress values when platform switching was
used. It was observed that a lower concentration of
stresses was transmitted to the peri-implant bone
tissue, which could diminish the occurrence of
microdamage and result in less bone resorption
around the implant platform,21 a factor which
produces a superior esthetic result and greater
predictability of maintaining the gingival papilla. De
Sanctis et al26 investigated the changes in soft
tissue adjacent to different types of implants,
including the platform switching, installed in dogs.
The animals were killed 6 weeks after surgery and
the effect cannot be observed, increase or reduction, in the dimensions of the soft tissues by
histometric analysis, constituting a limitation of this
study. However, the authors observed a tendency
towards longer dimensions of the epithelium with
all of the implant systems tested, and the different
length of the junctional epithelium and a different
dimension of the overall supracrestal soft tissue
barrier may be of clinical relevance and deserves
further investigation.
In spite of the more favorable results found with
straight abutments, the need for correcting the

Martini et al

RA: regular platform with angulated abutment
RS: regular platform with straight abutment
SA: platform switching with angulated abutment
SS: platform switching with straight abutment
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