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Influence of implantoplasty on stress
distribution of exposed implants at
different bone insertion levels

Abstract: This study evaluated the effect of implantoplasty on
different bone insertion levels of exposed implants. A model of the
Bone Level Tapered implant (Straumann Institute, Waldenburg,
Switzerland) was created through the Rhinoceros software (version
5.0 SR8, McNeel North America, Seattle, WA, USA). The abutment
was fixed to the implant through a retention screw and a monolithic
crown was modeled over a cementation line. Six models were created
with increasing portions of the implant threads exposed: C1 (1 mm),
C2 (2mm), C3 (3 mm), C4 (4 mm), C5 (5 mm) and C6 (6 mm). The models
were made in duplicates and one of each pair was used to simulate
implantoplasty, by removing the threads (I1, 12, I3, 14, I5 and I6).
The final geometry was exported in STEP format to ANSYS (ANSYS
15.0, ANSYS Inc., Houston, USA) and all materials were considered
homogeneous, isotropic and linearly elastic. To assess distribution of
stress forces, an axial load (300 N) was applied on the cusp. For the
periodontal insert, the strains increased in the peri-implant region
according to the size of the exposed portion and independent of the
threads’” presence. The difference between groups with and without
implantoplasty was less than 10%. Critical values were found when
the inserted portion was smaller than the exposed portion. In the
exposed implants, the stress generated on the implant and retention
screw was higher in the models that received implantoplasty. For the
bone tissue, exposure of the implant’s thread was a damaging factor,
independent of implantoplasty. Implantoplasty treatment can be
safely used to control peri-implantitis if at least half of the implant is
still inserted in bone.
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Introduction

Peri-implantitis is an inflammatory reaction with continuous loss of
peri-implant insertion of dental implants.! Studies have shown that in
implants with rough contaminated surfaces the progression of this pathology
is accelerated.>® Exposed threads in contact with the oral environment
provide a favorable niche to bacteria adherence. The inflammation process
promotes progressive bone loss, thus exposing more threads and allowing
more bacterial proliferation.
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The main therapies to control peri-implantitis
are resective or regenerative surgeries.” Resection
therapy removes the inflammatory tissue surrounding
the contaminated implant surface.” Regenerative
therapy uses bone grafts and membranes seeking to
reconstruct the peri-implant bone tissue.* Resection
therapy is known for being a more effective
approach than non-surgical techniques, which have
failed to demonstrate clinical efficacy in solving
peri-implantitis.> As disadvantages, the resection
surgery does not reduce pathogenic bacteria? and
the regeneration procedure does not guarantee
recuperation of lost peri-implant bone.® Resection
procedures have the purpose of modifying the
implant surface, making it smooth and polished,
which seem to achieved favorable biological results
in stabilizing bone loss.”® This procedure performed
on the implant surface is called “implantoplasty”, and
aims to facilitate the cleaning of exposed threads.

Implantoplasty is a successful therapy for
peri-implantitis and inflammation.®* However,
itreduces the diameter and the wall thickness of the
implant,’ therefore the reliability of this treatment is
still undefined.? Until now, there is no information
in the literature about the influence of this or any
other therapy on different implant insertions levels.”’
Therefore, it is not known the minimum level of
bone insertion that allows implantoplasty to be
done without causing damaging stress to the bone.
The purpose of this study was to evaluate the effect
of implantoplasty on different insertion levels of
exposed implants with a specific macro-design. The
hypotheses of this study were: implantoplasty does
not interfere in the mechanical behavior of implants
(a), retention screws (b) or bone microstrain (c) at
different levels of implant exposure.

Methodology

Models were created during pre-processing using
the Rhinoceros software (version 5.0 SR8, McNeel,
Seattle, USA). A previously validated" monolithic
crown (Figure 1A) was modeled over a cementation line
(Figure 1B) to allow an implant-supported prosthesis.
Then, a retention screw (Figure 1C) was modeled to
fix the abutment with 5 x 5.5 mm (Figure 1D) to the
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implant. A Boolean difference Rhinoceros command
that trims the shared areas of selected poly surfaces
with another set of poly surfaces was used for the
implant internal walls that have contact with the
abutment’s external walls. A model of the Bone Level
Tapered implant (Straumann Institute, Waldenburg,
Switzerland) with 4.1 x 10 mm was created following
the implants’ characteristics such as size, shape and
absence of external defects (Figure 1E). Initially, lines
were constructed following thread dimensions so that
each face of the model was obtained. After creating the
surfaces, the models were fixed and a volumetrically
solid cylindrical implant was formed. Anillustration
of the final model is shown in Figure 1F.

Figure 1. A) Monolithic crown; B) Cement layer; C) Retention
Screw; D) Abutment; E) Implant Fixture; F) Final model.



The bone (cortical and cancellous) was created
based on a Transversal section of an edentulous
human jaw from the Sdo Paulo State University
(Unesp) at Sdo José dos Campos (SP). The implant
was installed in the center of the ridge with the ideal
cortical level as the control group (C0). Six models were
created containing progressively exposed implant
threads: C1 (1 mm), C2 (2 mm), C3 (3 mm), C4 (4 mm),
C5 (5 mm) and C6 (6 mm). Then, the models with
the exposed implants were duplicated to simulate
implantoplasty by removing the exposed threads,
so that the implants had their diameter decreased.
Thirteen models were obtained in total (Figure 2).

The final geometry was exported in STEP format
to ANSYS 15.0 (ANSYS Inc., Houston, USA). All
materials were considered homogeneous, isotropic
and linearly elastic. Respective Elastic Modulus and
Poisson’s ratio are shown in Table.!*"**!> The mesh
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convergence test was used and the ideal size of the
elements was 0.3 mm. All contacts were considered
perfectly bonded, without any loss of torque or
rotational misfit.

An axial load of 300 N was applied on the cusp of
the models using a ball, simulating cusp deflection.”
For the fixed condition, bone tissue was prevented from
moving in the Z-axis to ensure restricted movement
and enable to measure the Strain generated inside
the jaw.

Results

The results were generated according to von Mises
stress criteria for a non-ductile solid. The generated
microstrain was evaluated for a human bone model.

For the implant analysis, the stress was displayed
in color scales and was concentrated on the external

Figure 2. Group distribution according to exposed implant and presence of implantoplasty: CO) Control Group; C1) 1 mm of
exposed implant; I1) 1 mm of exposed implant submitted to implantoplasty; C2) 2 mm of exposed implant; 12) 2 mm of exposed
implant submitted to implantoplasty; C3) 3 mm of exposed implant; 13) 3 mm of exposed implant submitted to implantoplasty;
C4) 4 mm of exposed implant; 14) 4 mm of exposed implant submitted to implantoplasty; C5) 5 mm of exposed implant; 15)
5 mm of exposed implant submitted to implantoplasty; C6) 6 mm of exposed implant; 16) 6 mm of exposed implant submitted

to implantoplasty.

Table. Distribution of mechanical properties of the materials used in FEA analysis.

Material/Structure

Elastic Modulus (GPa)

Poisson’s ratio

Titanium

Lithium disilicate
Resin cement
Cancellous bone

Cortical bone

110 0.33"
95 03"
5.1 0.27
1.37 0.30"®
13.7 0.30"
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surface in contact with the cortical bone for all
groups (Figure 3). The maximum values in MPa were
plotted on a graph. Groups with the same portion
of exposed implant exhibited increased stress when
subjected to implantoplasty. For fixing screws, the
stress concentration and the maximum value also
increased with larger exposed portions and smaller
diameters (Figure 4).

Strains increased in the peri-implant tissue
according to increasing amounts of exposed implant

- e
200 167 133 100 72 44 16
480 183 150 117 8 58 30 213

surface and independently of the presence of
threads (Figure 5). This strain pattern is possibly
damaging in the red areas of the graphs. The
difference between groups with and without
implantoplasty with the same bone height was less
than 10%. In Figure 5, the results show that initial
bone loss results in smaller maximum generated
strains. A critical result was observed when the
inserted portion of the implant was smaller than
the exposed portion.

Von Mises stress on the implant (MPa)

329 330 332 335 333

Von Mises stress on the screw (MPa)
127 128

89 87 86 86

0
COCT N C212C313C414C515C616

Figure 4. Stress distribution on the retention screw according to von Mises stress criteria for all groups.
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Bone Micro Strain
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Figure 5. Micro strain on the bone tissue for all groups.

Discussion

In the present study, different implant insertion
levels were simulated to evaluate the influence of
implantoplasty on the implants, retention screws and
the surrounding bone. Based on the results the first
and second hypotheses were accepted. The stress
concentration on the implant (Figure 3) and screw
(Figure 4) increased proportionally to the amount
of exposed surface.

Previous studies are inconclusive about the
reduction’® or not’ of the implant’s resistance by
implantoplasty when 5 mm of the implant are exposed.
In the present study, we observed that implantoplasty
increases stress concentration on the implant and
screw, indicating that the critical stress point of
the material will be achieved earlier, thus leading
to treatment failure. However, implantoplasty is
an effective clinically proven procedure and can
be applied in association with resection therapy
in advanced cases of advanced peri-implantitis
(PD > 5 mm and bone loss > 5 mm).”"”!® Thus, the
assessment of stress forces generated in the system is
more valuable to understand and prevent unwanted
masticatory forces when implantoplasty is required,
since peri-implantitis is a condition associated to
the diameter of the implant, which is not taken
into consideration when choosing the implant to be
installed, as suggested by a previous study.’

The present study evaluated the biomechanical
behavior of structures on a 3D-FEA in a single model
of dental implant with a specific macro-design. This
method has advantages over in vitro studies, such as
being less expensive, allowing standardized samples,
and having less factors influencing the results."”
In addition, it allows inferences in a simulated bone
tissue with the same properties of an in vivo tissue,
eliminating the use of resins for inclusion of implants
and possible failures by the operator. Compared to
other in vitro methodologies, FEA produces results
not only for a surface (photoelastic) but also for a
punctual area (strain gauge),'”* being the only method
to show the strain distribution inside the bone tissue,
as commonly used.??>%% To examine FEA results on
implants, von Mises criteria was chosen to observe
the regions with higher stress concentration.” To the
best of the author’s knowledge, there are no studies
available in the literature associating implantoplasty
and different heights of exposed implants. Although
implantoplasty can be considered a rescue treatment
for advanced peri-implant lesions, the present study
has some limitations: an ideal condition was simulated,
excluding the simulation of masticatory loads; the
macro-design of the implant used have shorter threads
when compared with other designs that present
self-tapping threads with more effective cutting flow
effect. These results should not be extrapolated to
the clinical situation as the limitations could have
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minimized the negative effects of reducing the implant
thickness. Further studies should be developed to
approximate these results to clinical situations.?

This study also found that implant exposure is
harmful to the bone, regardless of the removal of the
exposed threads (Figure 5), thus rejecting the third
hypothesis. In Figure 5, the results show that implant
exposure decreases maximum strain values on the
bone up to 5 mm. This can be justified by a change
of the fulcrum between bone and implant.

Despite the decline in the maximum absolute
value, the range of colors shows that the medium
stress area increased according to increased exposure
of implants; this suggests that the medullary
bone tissue tends to dissipate the load rather
than concentrate it on a single point. Therefore,
microstrain values are within a physiological range
for up to 5 mm exposure.” In 16 and C6 groups,
which simulated a more damaging situation of an
exposed implant, there was a large increase in the
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