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Abstract

Objectives. The objective of this work was to use finite element analysis to compare the effect of forces coming to
bear on abutments 4.1 or 5.0 mm in diameter connected to a 5.0 mm implant (i.e. with or without platform swit-
ching).

Study design: A3D CAD model of a 5 x 11.5 mm external hex implant was developed, complete with a connection
screw and either of two abutments, one 4.1 and the other 5 mm in diameter, to assess the influence of two loading
conditions, i.e. 200 N loaded either axially or off center on the top of the abutment.

Results and conclusions: In the symmetrically loaded models, greater stresses were transmitted to the bone in the
area below the neck of the implant in the case of the wider-diameter abutment. When the narrower abutment was
considered, the stress lines remained confined to the metal and were transferred to the bone in a more distal position.
When the stresses in the bone where compared under non-symmetrical loading of the larger- and smaller-diameter
abutments, the stresses reached lower values in the latter case. These findings indicate that platform switching (i.e.
coupling a 4.1 mm abutment with a 5 mm implant) achieves a better, more even distribution of the peri-implant
stresses deriving from simulated occlusal loads on the bone margins.
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Introduction

The term ‘platform switching’ refers to the use of an
abutment narrower than the corresponding implant’s
platform. Radiographic studies in 5.0 and 6.0 mm im-
plants combined with 4.1 mm abutments in diame-
ter have expectedly demonstrated smaller changes in
terms of vertical marginal bone resorption than those
occurring around implants with abutments of the same
diameter (1). Numerous factors have been assessed to
justify this phenomenon. From the biomechanical stan-
dpoint, platform switching seems to create more favo-
rable conditions for the distribution of the load (2, 3). It
has been suggested that the biological processes taking
place around the implant after the second surgical step
(i.e. the insertion of the healing screw and the prosthetic
abutment) differed when the external angle of the im-
plant-abutment interface shifted inwards, further away
from the external angle of the implant platform (1). The
role of the microgap at the implant-abutment interface
in causing bone resorption has also been considered, ba-
sed on the assumption that this microgap contains fluids,
molecules (disaccharides and small peptides), bacteria
and inflammatory cells associated with the osteoclast
activation that leads to peri-implant bone tissue resorp-
tion (2, 4). Another factor linked to the effectiveness of
platform switching in reducing marginal bone resorption
concerns the establishment of the necessary biological
width (the required dimension of the barrier of soft tis-
sue consisting of junctional epithelium with an area of
connective tissue). The biological width is determined
physiologically and dimensionally stable for natural tee-
th and, likewise, for implants. Without enough of this
peri-implant soft tissue to assure the biological width, it
has been demonstrated that bone resorption will occur
so that an adequate coupling and biological width can
be restored (5, 6). The three-dimensional morphology
of the “cuff” of soft tissue around an implant depends
on the diameter of the implant and on the design of the
platform (7).

The aim of the present study was to use finite element
analysis (FEA) to compare the effect of forces coming
to bear on abutments of different diameters (4.1 mm and
5.0 mm) attached to a 5.0 mm implant in diameter inser-
ted in a bone matrix.

Material and methods

The implant system studied comprised a 5 x 11.5 mm
implant of the Osseotite® Biomet 3i type (Biomet 3i,
Palm Beach, FL, USA), a Gold-Tite Hexed UniScrew
connection screw (Biomet 3i), and two GingiHue Post
abutments (Biomet 3i), one 4.1 and the other 5 mm in
diameter.

First the real dimensions of the components were recor-
ded using a gauge and an optical microscope. Then the
3D CAD model was prepared with the Rhino 3.0 solid
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modeling tool (Robert McNeel & Associates, Seattle,
USA).

The complexity of the shapes involved and the calcu-
lation demands prompted us to adopt a few reasonable
simplifications as follows: the thread on the connection
screw was disregarded, while the thread on the implant
was modeled, although it was abruptly interrupted; the
bone was modeled using a simplified shape, i.e. a homo-
geneous and isotropic cylinder in which the implant was
embedded up to the neck; and the implant was assumed
to be perfectly osteointegrated.

After designing the shape of the two models (with and
without platform shifting, PS), the finite element mesh
was developed and applied, using a tetrahedron with 10
nodes of variable size, i.e. smaller in the areas where the
greatest stresses were presumably concentrated.

All the numerical simulations were completed using
ABAQUS/Standard FEA software (ABAQUS Inc.,
Pawtucket, RI, USA). The mechanical properties of the
bone and implant components studied were drawn from
the literature (8). Two loading conditions were conside-
red: (i) an axial load of 200 N coming to bear on the top
of the abutment; and (ii) an off-centered load of 200 N,
parallel to the axis of the implant and concentrated on a
node beyond the top of the abutment.

Three different values were considered for the bone’s
modulus of elasticity (8, 17, 34 GPa).

Results

- Symmetrical loading models

The model reached convergence and solved the problem
in all the cases analyzed.

The chromatic maps used to compare the results repre-
sent the values of the Von Mises equivalent stresses in
the various components of the system.

In the bone, the distribution of the stresses was very si-
milar in the two cases considered (Fig. 1). In particu-
lar, the greatest stresses occurred in line with the area
of bone under the neck of the implant and at its base. It
was clear, however, that the highest stresses were trans-
mitted to the bone under the neck of the implant in the
case of the larger-diameter abutment, whereas in the
situation with a narrower abutment, the stresses in the
implant were highest in line with the first turns of the
thread (Fig. 1).

The stress lines followed a different trend in the two ca-
ses. With the wider abutment, the stresses were distribu-
ted over a broader surface area of the neck and conse-
quently came to bear most on the underlying bone. With
the narrower abutment, the stress lines remained confi-
ned within the metal and were transferred to the bone in
a more distal position.

The distribution of the stresses and the values reached in
the remainder of the implant were practically the same

(Fig. 2).
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Fig. 1. A. Distribution of Von Mises stresses on bone in the case
of a large (left) and small (right) abutment. The images show
a longitudinal section of the bone under symmetrical loading;
B. Distribution of Von Mises stresses on the upper portion of
an implant in direct contact with a symmetrically loaded large
(left) and small (right) abutment.
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Fig. 2. Distribution of Von Mises stresses on the implant un-
der symmetrical loading with large (left) and small (right)
abutment.

As for the abutment, the stresses on the top were compa-
rable in the two cases (wider and narrower abutments),
but the stresses increased in the narrower abutment whe-
re the load-supporting cross-section (the area in which
the shape of the abutment actually changed) was sma-
ller.

The connection screw proved to be of no particular inter-
est. At the top, where it was coupled with the abutment
with some degree of slack, there were no stresses co-
ming to bear because the screw was completely un-
loaded at the time of the structure’s compression (apart
from a minimal component due to friction between the
two parts).
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- Non-symmetrical loading models

These simulations were used to study the effect of
varying the load on the bone with the two different sizes
of the abutment, while the mechanical characteristics
of the material remained the same as in the previously
analyzed case. In particular, a 200 N load was applied
off center vis-a-vis the abutment. The forces inside the
bone as a result of shifting the load coming to bear on the
end of the abutment were essentially a bending moment
and an axial compressive action. Being equivalent stres-
ses, the Von Mises stresses can be used in this case to
give a general indication of the stresses coming to bear
on the bone for the purposes of a comparison between
the two different abutments (Fig. 3). The stresses were
not evenly distributed over the cross-section of the bone
because of the non-symmetrical loading condition. The
stress values reached were higher than in the case of a
concentric load. From the comparison between the stres-
ses inside the bone when a wider or narrower abutment
was used, it emerged clearly that the stresses reached
lower values in the latter case. The greatest difference
between the maximum stresses reached in the two cases
coincided with the neck of the implant. This is due to
the different shaping of the abutments, which transmit-
ted the loads in a different way.
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Fig. 3. Von Mises equivalent stresses on the bone and the im-
plant wall in the case of a large (left) and small (right) abutment
under non-symmetrical loading conditions.

- Model with different bone properties

Two further analyses were conducted on the implant
modeled with the wider abutment to shed more light on
how the bone’s modulus of elasticity could influence its
behavior.

While the previously-described simulations were all
performed assuming a modulus of elasticity of 17 GPa
for the bone, these additional analyses were conducted
considering a lower modulus of elasticity for the bone
(E =8 GPa), and a higher one (E = 34 GPa). The charac-
teristics of the other materials involved in the numerical
model remained the same.
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It was clear from the comparison between the three mo-
dels that the Von Mises stresses coming to bear on the
proximal portion, underneath the neck, were greater in
the case of a higher modulus of elasticity (i.e. a more
brittle bone). In the distal portion (near the connection at
the base), the stresses followed the opposite trend in the
three cases considered, because the stresses are trans-
ferred entirely to the bone when the implant no longer
sustains them.

Discussion

Our finite element analyses (FEA) demonstrated that
platform switching coincides with a distribution of the
stress further away from the bone-implant interface at
cervical level, while the stress is more concentrated on
a level with the crown, abutment, connection screw and
implant-abutment connection (3, 9, 10).

Some authors (8, 11) came to the conclusion, consis-
tently with our findings, that platform switching redu-
ced the main Von Mises compressive and tensile stresses
in compact bone by comparison with the conventional
solution, while these stresses increased in the spongy
bone. In other words, platform switching shifts the stres-
ses from the area of compact bone to the area of spongy
bone under oblique loading conditions (8). Canullo et al
(2) also found that platform switching enabled a more
homogeneous distribution of the stresses along the leng-
th of the implant.

Maeda et al (10) conducted a study on a 4 x 15 mm im-
plant modeled with no thread, embedded in a bone ma-
trix with a Young’s modulus of 15 GPa for the cortical
bone and 1.5 GPa for the medullary bone, connected to
abutments 4 and 3.25 mm in diameter, with a non-sym-
metrical 10N load brought to bear on them. The authors
demonstrated that displacing the concentration of the
stresses further away from the bone-implant interface is
one of the advantages of PS.

Pessoa et al (12), and Calvo-Guirado et al (13) found
no significant improvement in the mechanical behavior
of implants associated with narrower abutments. Accor-
ding to these authors, accurate control over functional
loading and an adequate intra-osseous stability are more
important, from a biomechanical standpoint, to the long-
term survival of the implant.

Other factors have been analyzed with a view to justifying
the efficacy of PS, including: the shifting further away
of the microgap between the implant and the abutment;
the implant’s diameter; the shape of the coronal portion
of the implant (with or without threading); the type of
surface finish; the type of implant-abutment connection;
and, from the clinical standpoint, the gingival biotype
and any presence of adjacent teeth (11, 12, 14).

Vigolo and Givani (15) reported on their clinical applica-
tion of PS in much the same conditions as those assumed
for this FEA. A year after making the implant-abutment
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connection, they found significant differences in terms
of the loss of marginal bone with a better result in the
PS group than in the group with abutments of the same
diameter as the implant platform. In subsequent years
the differences were no longer significant, however.
Peri-implant vertical bone loss was also seen in cases
in which PS had been applied, but it was minimal in
the majority of cases (16, 17), and always more limited
than in cases in which an abutment of the same diameter
as the implant had been used (18); in the former, this
enabled the peri-implant bone level to be preserved (17)
and improved the long-term predictability of the implant
treatment (19).

Wagenberg and Froum (20) assessed 94 implants com-
pleted with PS after a follow-up of at least 11 years:
75.5% of the implants showed no signs of medial bone
loss, and 71.3% showed no distal bone loss. The amount
of bone loss was less than 0.8 mm at more than 84% of
the medial surfaces and 88% of the distal surfaces. The
authors consequently emphasized that PS helps to pre-
vent crestal bone loss and obtain satisfactory cosmetic
results (21).

Atieh et al (22) reported that the survival rate of implant
involving PS was comparable with that of non-PS im-
plants. There was a significantly smaller loss of marginal
bone around PS implants, and a difference between the
implant and abutment diameters of at least 0.4 mm was
associated with a better bone response. The quantity of
marginal bone resorption was inversely proportional to
the difference between the diameters of the implant and
abutment (22-24). In addition to a better distribution of
the stresses at the bone-implant interface, this may be
due to the fact that the PS technique increases the dis-
tance between the inflammatory cell infiltrate associated
with the abutment and the marginal bone, consequently
limiting its contribution to causing bone resorption. The-
re is also a reduction in the amount of bone that must
necessarily be reabsorbed to expose the minimum quan-
tity of implant surface area to allow for soft tissue inte-
gration.

Canullo et al (25) assessed the peri-implant microbial
flora in cases of traditional implants and PS implants,
finding no differences between the two conditions and
ruling out any influence of this factor on the different
amounts of bone resorption. Even histology identified
no differences in the composition of the peri-implant
soft tissues around implants performed with or without
PS, despite X-ray evidence of different levels of margi-
nal bone resorption (26).

On the other hand, some clinical studies published in
the literature found no differences in the loss of vertical
bone height around implants performed with or without
PS (27, 28).

Finally, the use of FEA in implantology demands the
use of certain assumptions (simplifications) that have to
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be taken into account when it comes to interpreting the
results (29). These simplifications concern the shape of
the model, the properties of the materials, the boundary
conditions, and the interface between bone and implant
(8, 29, 30). In the light of all the considerations, the de-
bate on how the use of PS affects the preservation of
peri-implant tissues remains open.

Conclusions

Despite the limits of this study, the results obtained indi-
cate that using an abutment 4.1 mm in diameter coupled
with a 5 mm implant leads to a better, more homogeneous
distribution of the stresses deriving from simulated oc-
clusal loads on the marginal bone around the implant.
This is true for symmetrical, axial loads and also in the
case of non-symmetrical, off-center loads, supports the
use of the PS technique with a view to reducing peri-
implant marginal bone resorption.

Our results are consistent with other reports in the litera-
ture, in which a majority of the authors who conducted
experimental and clinical studies on this issue found sig-
nificant advantages deriving from the application of the
platform switching method.

Further studies will be needed to clarify the biological
process correlating platform switching with the preser-
vation of the hard and soft peri-implant tissues.
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