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ABSTRACT
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Objective: The aim of this study was to determine whether there are any changes in the surface of bone or implant
structures following the removal of a screwed dental implant. Materials and Methods: For this, six individual samples
of acid-etched and sandblasted implants from three different manufacturers’ implant systems were used. They were
screwed in a D1 bovine bone, and they were removed after primary stabilization. The bone and implant surfaces
are evaluated with scanning electron microscope. Results: Through examination of the surfaces of the bone prior to
implantation and of the used and unused implant surfaces, it was found that inhomogeneity in the implant surface
can cause microcracking in the bone. Conclusions: This is attributed to the stress induced during the implantation of
self-tapping implants and suggests that a tap drill may be required in some instances to protect the implant surface.
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INTRODUCTION

Dental implants are at present often the preferred
treatment option in instances of missing teeth as a
means to protect surrounding tissues and provide
proper retention. Providing oral rehabilitation with
retention through implant support offers clinicians
an indispensable strategy clinically in several cases."!
Technology in this field has reached a point that has
seen numerous modifications introduced to enhance
implant retention and provide a suitable prosthetic
loading in the shortest possible time by accelerating
the rate of healing. In studies aimed at improving the
osseointegration of implants, rough surfaces were
found to be better than smooth surfaces with regards
to enhancing the implant’s mechanical attachment
to the bone.>* This has led to a number of different
physical, chemical, and biochemical methods being
developed for increasing surface roughness and
improving osseointegration.*

Among the available chemical methods, acidification
has become widely accepted and is based on etching
the implant surface with strong acids. This has been
reported to produce micro-holes 1.5-2 um in size on
the implant surface, which assist osseointegration by
increasing the available surface for the attachment of
bone tissue. Physical methods include sandblasting,
which involves applying abrasive ceramic particles
such as alumina, titanium dioxide, and calcium
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phosphate (CaPO,)¢ via compressed air and a
suitable carrier fluid. Hydroxyapatite, as well as beta
tricalcium phosphate and its derivatives, can also
be used as an etching material to create a retentive
area on the surface and offer the advantage of being
biocompatible, osteoconductive, and resorbable. In the
case of titanium implants, it is typically a combination
of these techniques that is most frequently used to
improve its surface structure.”® Crowning techniques
incorporating physical and chemical methods, such as
acidification-sandblasting, and biochemical methods
involving hydroxyapatite have therefore proven to be
the most successful.”)

Regardless of the treatment used, it is important
to ensure homogeneity over the whole surface in
order to prevent varying levels of deformation in the
bone-implant contact surface during implementation.
Success in the postoperative period is therefore highly
dependent on surface properties such as the bone type,
the sharpness and design of the bur used, and the
groove characteristics of the implant.'"”! With this in
mind, this study explores the effects of stress induced
by the forces associated with D1 type implantation
and observes the changes that occur in the surface
of the bone and an acid-etched, sandblasted implant
during its removal.

MATERIALS AND METHODS

A total of six self-tapping implants were sourced
from three different manufacturers, namely:
Implant A (BT Lock Dental Implants, Montecchio
Maggiore, Italy), implant B (Implant Direct, CA,
USA) and implant C (Implance, Trabzon, Turkey).
The surfaces of these implants were roughened
by acidification-sandblasting using large grit
particles combined with hydroxyapatite (implant
A and B) or CaPO, (implant C). Each implant was
affixed to a D1-quality bovine tibia in accordance
with the manufacturer’s instructions by first using
a sterile-saline-cooled pilot drill, then twist drills
matched to the diameter of the implant, to produce
six implant sockets. While three of these sockets
were used for implantation, with one implant from
each manufacturer, the other three sockets served
as controls. Implantation torque in all instances was
within a range of 30 to 35 Ncm, and the implants were
removed after primary stabilization was achieved.
External parts of the bone blocks in which the sockets
were located were cut by a drill at the sagittal plane
under sterile saline irrigation. Once this cut reached
the central region of the block (i.e., the socket area),
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the block surfaces were separated from each other by
manually applying a mild force, with a gauge being
used to prevent surface deformation.

In all, 12 samples were prepared: Screwed
implants (n = 3), nonscrewed implants (n = 3), sockets
that underwent screwing and implant removal (1 = 3),
and sockets that were prepared only with twist
drills (n = 3). After drying, these were all anodized
with gold in preparation for examination of their
surface by scanning electron microscopy at various
magnifications to assess whether any deformation or
alteration of the surface was induced.

The present study was approved by the appropriate
ethics review boards.

RESULTS

The most striking outcomes of the clinical assessment
of implant and bone surfaces during scanning electron
microscopy examination were obtained at %20
and x500 magnification [Figures 1-6], which revealed
that the screw configuration in the bone and all three
implant types are damaged by implant removal.
At x20 and %500 magnification, comparison of the
surfaces of the implants that were removed with
those that were not used shows compression-type
deformation in implant A [Figure 2d], patchy
micro-holes on the surface of implant B [Figure 4d],
and the removal of bony tissue along with the
screw configuration in implant C [Figure 6c]. We
can see these type of deformations on the bone
surfaces which contacted with the implants A and C
surfaces [Figures 2b and 6a]. At x20 magnification,
it was determined that vertical sulci present in the
surface design of all the implants used caused an
accumulation of bone particles [Figures 2c, 4c, and 6c];
nevertheless, no compression was observed. In the
case of implant A, it was found that the surface of
the unused control was not homogenous [Figure 1c]
and its removal produced microfractures in the bone
surface [Figure 2a]. When the screwed and removed
implant surfaces structure examined under x500
magnification, on A implant’s surface sharp scratches,
on B implant’s surface rounded mesh type and on
Cimplant’s surface round particulate type deformation
were investigated [Figures 2d, 4d, and 6d].

DISCUSSION

Although implant loss can be caused by a smooth
implant surface or short implant stature, the anatomic
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Figure 1: Bone surface before A implant screwing under x20
(a) and x500 (b) magnifications; surface of unscrewed A implant
under x20 (c) and %500 (d) magnifications
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Figure 3: Bone surface before B implant screwing under x20
(a) and %500 (b) magnifications; surface of unscrewed B implant
under %20 (c) and %500 (d) magnifications
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Figure 5: Bone surface before C implant screwing under x20
(a) and x500 (b) magnifications; surface of unscrewed C implant
under %20 (c) and x500 (d) magnifications
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Figure 2: Bone surface after removal of A implant under x20

(a) and x500 (b) magnifications; surface of A implant after screwing
and removal under x20 (c) and x500 (d) magnifications
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Figure 4: Bone surface after removal of B implant under x20

(a) and x500 (b) magnifications; surface of B implant after screwing
and removal under x20 (c) and x500 (d) magnifications
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Figure 6: Bone surface after removal of C implant under x20

(a) and x500 (b) magnifications; surface of C implant after screwing
and removal under x20 (c) and x500 (d) magnifications
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location can also play an important role."! Thus,
although it is important to determine surgical
margins by preoperative assessment, relocation
may be possible by adjusting the angle and distance
immediately after implant removal if anatomical
threats or inconvenient neighborhoods are detected
intraoperatively. In the event that such intraoperative
relocation is possible, ensuring minimal impairment
of the implant surface and deformation of the bone
become of great importance.

The number of studies relating to the evaluation of
implant surface characteristics and their modification
is steadily increasing, though acidified and sandblasted
surfaces still tend to be the most commonly used in
clinical practice. Past studies have suggested that
acid-etched and sandblasted surfaces are comparable
to hydroxyapatite-coated surfaces in terms of bone
contact but offer theimportantadvantage of eliminating
melting, peeling, and solvent-style deformation.!"
Despite these advantages, micro-holes were found
to form on the surface of implant B [Figures 3 and 4],
which suggests that acid-etched and sandblasted
surfaces cannot, in fact, provide bone contact at every
point.

Histological examination has revealed that a higher
bone-implant contact is obtained in the case of
surfaces crowned with hydroxyapatite than with
those subjected to acidification and sandblasting.
Nevertheless, surface deformation is encountered
more frequently with crowned implants than with
acidified and sandblasted surfaces. From the results
of the present study, it is clear that some change has
occurred in all of the implant groups and the bone
surface after implantation and removal.

A coarse grit size was used in this study for sandblasting
as this is known to increase bone contact;!"* and yet, no
difference was observed between the implants in terms
of bone contact, even though CaPO, sandblasting was
used onimplant C. Itis therefore believed that the use
of CaPO, sandblasting may produce a harder surface
morphology than hydroxyapatite sandblasting.

Given the limitations of this study, it cannot be known
for certain at what stage in the implantation and
removal procedure the micro-fractures in implant A
were produced; however, it is considered that they
most likely occurred during the screwing process. Of
the implant types tested, only implant A was to found
to have an inhomogeneous surface. This is significant,
as ensuring homogeneity in the surface of implants
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during manufacturing is important to preventing
additional stress being induced in the bone during
implantation. It is also worth considering that a
D1-type bone was studied, with self-tapping implants
clearly causing more trauma to this bone type and
predisposing it to the formation of fractures. While
the stress distribution in the trabecular bone occurs in
a broader area during the screwing process, the stress
in the cortical bone is limited to the close surrounding
of the implant."*! However, the occurrence of
microfractures did not necessarily imply compression
of the bone, with bone particles being observed to
collect in the grooves of the implant.

CONCLUSION

As this study was focused solely on the deformation of
acid-etched, sandblasted surfaces, there is still a need
for follow-up work to investigate the implant surface
after it is screwed into bone blocks. This could be
achieved by cutting the bone at the sagittal plane, and
should bring about a different point of view to that
in the current literature. Nevertheless, it is apparent
from this study that the use of self-tapping implants
in the D1-type bone can mechanically alter the implant
surface, and so a tap drill may be necessary for some
circumstances to protect the surface characteristics
of the implant. However, it should be noted that
self-tapping implants can show different results
depending on the bone type. Finally, if removal is
required after implantation, then using an implant
with alarger unit diameter in the second implantation
would assist in primary stabilization.
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