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Purpose: Implantoplasty, a procedure that is done to smooth contaminated implant surfaces, has been used
in the treatment of peri-implantitis. It reduces the implant diameter, which might compromise the implant’s
strength. This in vitro study was designed to evaluate the effect of implantoplasty on implant strength. Materials
and Methods: Thirty-two tapered implants were used; half were 3.75 mm in diameter (narrow) and the other
half were 4.7 mm in diameter (wide). All implants were connected to 20-degree angled abutments. The apical
half of each implant was embedded in acrylic resin. Eight 3.75-mm- and eight 4.7-mm-diameter implants were
randomly assigned to receive implantoplasty. The remaining implants did not receive implantoplasty (control
group). Implantoplasty was performed with a series of diamond and polishing burs. The specimens were then
loaded 30 degrees off-axis in a universal testing machine until fracture failure occurred. Bending and fracture
strength values were recorded and analyzed statistically (o = .05). The fractured surfaces were evaluated
under a scanning electron microscope. Results: All narrow implants failed by fracture at the implant platform.
The mean bending strength of narrow implants was statistically significantly reduced by implantoplasty
(511.4 + 55.9 N versus 613.9 + 42.8 N). Implantoplasty did not affect the strength of wide implants; fracture
failures occurred at the abutment screw. The fracture mode was ductile and the crack growth was oblique
in direction, indicating complex stress distribution and concentration under loading. Conclusion: Within the
limits of this study, implantoplasty appeared to weaken the strength of narrower implants. Therefore, this
procedure should be performed with caution on narrower, freestanding implants that are subject to greater
occlusal force (eg, posterior regions). Validation of these results is needed for different implant systems. INT J
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eri-implantitis is an infectious disease characterized
by continuous loss of peri-implant bone."? Studies
have shown that roughened implant surfaces, when
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contaminated, might accelerate the progression of peri-
implantitis.> This is because, once exposed to the oral
environment, a roughened implant surface is an ideal
niche for bacterial plaque to attach and proliferate. If
left uncontrolled, the infection can result in further peri-
implant bone loss, leading to exposure of more of the
implant surface and eventual loss of osseointegration.’?

A number of methods have been introduced to
manage peri-implantitis,*> but surgical intervention is
preferred because it is more effective in treating the
disease.b A regenerative or resective approach may be
used, based on the configuration of the peri-implant
bone defect.” The regenerative procedure uses bone
grafts and/or barrier membranes to fill the defect and
achieve reosseointegration around infected implants.®
However, this approach does not predictably result
in reosseointegration, because there is no effective
method to decontaminate rough implant surfaces.’
The resective procedure, on the other hand, eliminates
peri-implant infection by removing unsupported bone
around infected implants.* Resection is often com-
bined with implantoplasty, a procedure that modi-
fies implant surfaces by removing exposed implant
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Fig 1 Representative specimens of the
four experimental implant-abutment as-
semblies demonstrating geometry of stan-
dard 20-degree angled abutments and the
coronal 5 mm of the implant body, which
was left exposed to simulate bone loss.

threads and rough surfaces.'®" This procedure was re-
ported to favorably reduce pocket depth and maintain
marginal bone levels over a 3-year follow-up period.'
Enhanced access to hygiene practices might have con-
tributed to the observed clinical improvement.

Implantoplasty inevitably reduces the implant di-
ameter and thickness of the implant walls. Coupled
with the more unfavorable crown-implant ratio caused
by bone loss from peri-implantitis, the thinner implant
wall may experience bending under high masticatory
forces and thus fracture.>'® This type of failure is cata-
strophic and irreversible, resulting in impaired occlusal
function.'”-1° As such, the present study was designed
to evaluate the effect of implantoplasty on implant
strength. The working hypothesis was that implanto-
plasty could significantly reduce the bending and frac-
ture strength of dental implants.

MATERIAL AND METHODS

Specimen Preparation

Thirty-two tapered dental implants (TRI-Vent implants,
TRI Dental Implants), 16 of which were 3.75 X 10 mm
(N) and 16 of which were 4.7 X 10 mm (W), were divid-
ed into test (T) and control (C) groups. Implants in the
Tgroups(n=8pergroup;NTandWT)wererandomly se-
lected and received implantoplasty, while the remain-
ingimplants served as controls (n =8 per group; NCand
WCQ). All implants had surfaces that had been rough-
ened by blasting with zirconia oxide (60- to 125-pum
particles for the crestal area and 150- to 250-um par-
ticles throughout the body and apical area). The im-
plants are of a square thread design with a 0.5-mm
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smooth collar as the implant platform. The implant
and abutment are connected internally by a 1.5-mm-
deep, 2.5-mm-wide flat-to-flat hexagonal platform.

With a dental surveyor (AMD Dental Mfg), the im-
plants were aligned perpendicularly in a customized
stainless steel jig and fixed in an autopolymerizing
clear acrylic resin (Acrylic Self Cure, Henry Schein). Only
5 mm of the implant was embedded in acrylic resin to
simulate marginal peri-implant bone loss. After polym-
erization of the acrylic resin was complete, a standard
6-mm-high, 20-degree angled abutment (Standard-20°
TRI-Friction, TRI Dental Implants) was connected to
each implant specimen with a ratchet to 35 Ncm (Fig 1).

For the WT and NT groups, implantoplasty was per-
formed by an experienced periodontist (HC). Implant
threads that were not covered by acrylic resin were
removed with 30- and 15-uym egg-shaped diamond
burs (Henry Schein) attached to a handpiece running
at 15,000 rpm. Subsequently, the surfaces were pol-
ished and smoothed with finishing burs (Arkansas burs
and fine silicone polishers, Henry Schein) (Fig 1). The
procedure was performed under magnification X2.5
(Design for Vision) with the aid of a dental chair light.
The smoothness of the surface was examined and con-
firmed.

Fracture and Bending Strength Testing

The laboratory settings for the strength testing are illus-
trated in Fig 2. Each prepared specimen was secured by
a stainless steel jig in a universal testing machine (Model
5565, Instron Corp). The abutment-implant complex
was loaded by a stainless steel indenter against an in-
dentation with a size of 0.5 X 0.5 mm on the coronal
surface of the abutment. The load was transferred at
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Fig 2 Laboratory settings for fracture strength testing. (Left) A = the indenter applying forces
at a crosshead speed of 0.5 mm/min; B = the jig containing the implant that was embedded
in acrylic resin; a 20-degree angled abutment was attached to the implant; C = the table of
the test machine that was positioned at an angle of 10 degrees relative to the floor. (Right) An
indentation was prepared on the abutment (white arrow) to receive the indenter.

Table 1 Mean Bending and Fracture Strengths

(in Newtons) of the Three Experimental Groups

Bending strength Fracture strength

Group Mean SD Mean SD
WT (n = 8) 802.9%T 91.3 430.4*t 26.8
NT (n=8) 511.4*F 55,9 321.7* 21.4
NC (n = 8) 613.97f  42.8 325.07 20.7

For bending strength, statistically significant differences were found
*between WT and NT, Tbetween WT and NC, and Thetween NT and NC.
For fracture strength, statistically significant differences were found
*between WT and NT and Thetween WT and NC.

a 30-degree angle (10-degree tilt of the metal jig plus
20-degree tilt of the angled abutment) to the long axis
of the implant at a crosshead speed of 0.5 mm/min un-
til a fracture failure of the implant-abutment complex
occurred.?’ The strength of each specimen was deter-
mined on the load-versus-chart-speed curve calcu-
lated by a software program (Merlin Software, Instron
Corp); the highest peak was chosen to characterize
bending strength. Fracture strength was indicated by
crack initiation for each specimen, as determined by a
sharp decrease of loading in the curve and confirmed
by an audible sound.

Scanning Electron Microscopy Examination

Each fracture surface of the implant/abutment com-
plex specimens was cleaned under a pressure-vapor-
ized steam cleaner (Steaman Il Bar Instruments) for 1
minute. The specimens were mounted on a metal plate
and viewed under a scanning electron microscope
(SEM) (AMRAY Model 1910 field, SEM-Tech Solutions)
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to determine the mode of fracture failure and the ini-
tiation and propagation of the crack. The machine was
operated at 5 kV, and digital images of the investigated
fracture surfaces were collected with digital imaging
software (XSTREM, SEM-Tech Solutions).

Statistical Analyses

The values for bending and fracture strength of each
specimen were calculated in Newtons and compared
between the test and control groups for both diameters
of implants using one-way analysis of variance. A post
hoc analysis was conducted with the Tukey test (o was
set at the level of .05). All statistical analyses were per-
formed with computer software (EXCEL 2010, Microsoft).

RESULTS

Implantoplasty reduced the thickness of the implant
lateral walls. The fracture locations differed between N
and W implants. Fracture failures occurred on the bod-
ies of N implants, whereas they occurred at the abut-
ment screws of W implants. There were no statistically
significant differences in the mean fracture strength
(P = .70) between NT and NC; however, the mean
bending strength values were statistically significantly
different between the two groups (P < .001) (Table 1,
Fig 3). The mean bending strength was reduced by
17% (from 613.9 to 511.4 N) after implantoplasty. Two
fracture lines were observed on NT implant bodies,
whereas only one was found on an NC implant body
(Fig 4).

WT implants failed at the abutment screws, indicat-
ing that implantoplasty had no impact on the strength
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Fig 3 lllustration of the mean values for (top) bending strength and (bottom) fracture strength for the three experimental groups

(strength values of WC implants were not measured because these implants remained intact). The groups marked with same sym-
bols are significantly different (Tukey test, a = .05).

of the implant bodies. The implant bodies were intact,
without signs of plastic deformation. Thus, WC im-
plants were not subjected to loading tests. The mean
bending and fracture strength values of WT implants
were statistically significantly higher than those of NT
and NC groups (P <.001) (Table 1, Fig 3).

SEM Findings

The implants modified by rotary instruments present-
ed relatively smooth and uniform surfaces, with the
threads having been removed along the body. How-
ever, these surfaces appeared irregular, with multiple
grooves and ridges characterized by tracks of bur marks
(Fig 5). On NC and NT implants, the fractures were
oblique in direction, with gross plastic deformation of

Fig4 SEM images of the plastic deforma-
tion and fracture failure of an NT implant-
abutment complex specimen. (Left) Two
fracture lines were found on the implant
(white arrows). (Right) Oblique direction of
fracture path extending from the platform
along the body of implant.

Fig 5 SEM images of the implant surfac-
es of (left) control and (right) test groups.
Note the surface modified by implanto-
plasty revealing absence of the threads
and multiple grooves and ridges created
by burs.

the body and platform of the implant (Fig 6). Cracks
developed at the implant platform and advanced api-
cally along the implant body. The mode of fracture was
ductile, characterized by rough and dull surfaces con-
sisting of numerous dimples and microvoids formed
along the path of crack propagation.

On WT implants, the fracture surfaces of the abut-
ment screws revealed the entire course of initiation and
propagation and the end point of fracture. The crack
occurred at the site of tensile stress accumulation, op-
posite to the site of loading. The dominant mode of
fracture was ductile with slow crack growth; however,
the end stage of fracture was rapid, as indicated by a
mirror image of a shiny surface (Fig 7).
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DISCUSSION

Horizontal bony defects caused by peri-implantitis are
generally managed by bone resective surgeries in com-
bination with implantoplasty.”'®!" The clinical efficacy
of implantoplasty has been evaluated and implanto-
plasty has been shown to increase the implant survival
rate, reduce pocket depths and signs of inflammation,
and maintain crestal bone levels.'®"" This is the first
study to investigate the risk of mechanical failure in the
implant-abutment complex following implantoplasty.
Implant strength is derived from the thickness of
the implant wall.”'6 The wall of the N implants used
in the present study was almost one-half the width
(0.625 mm) of the wall of the W implants (1.1 mm).
Therefore, under static loading, the W implants had
significantly higher bending and fracture strength
than the N implants. Additionally, according to the
manufacturer, the thread depth of the implant system
tested at its coronal portion is 0.2 mm. After threads
are removed and additional finishing and polishing
procedures are accomplished, the wall thickness of the
N implants was reduced to approximately 0.425 mm;
in other words, it lost 32% of its original thickness. As a
result, the bending strength significantly decreased, by
102.5N (from 613.9to 511.4 N), or by 16.7% of the orig-
inal strength. On the other hand, the strength of the
W implants was not affected by implantoplasty be-
cause the fractures occurred at the abutment screws.
Therefore, a certain implant wall thickness must be
present to resist bending forces. The current results

1534 Volume 28, Number 6, 2013

Fig 6 SEM images of the plastic defor-
mation and fracture failure of an NC im-
plant-abutment assembly. (Left) Oblique
pattern of fracture failure, limited to one
area of the implant. (Right) The rough
fracture surface demonstrates the ductile
mode of failure.

Fig 7 SEM images of fracture surface of
the abutment screw from the WT group.
(Left) Oblique orientation of fracture path
extending from the side opposite to the
bending. (Right) Fracture surface demon-
strating a slow mode of ductile fracture
consisting of dimples and microvoids
mixed with end stage of rapid fracture, as
indicated by a mirror image of the shiny
surface (white arrow).

might not be able to predict the performances of oth-
er implant systems, because the implant strength as a
function of wall thickness reduction varies with differ-
ent implant geometries and diameters.'9?’

The implant diameter should be considered care-
fully during treatment planning. A narrower-diameter
implant, defined by Degidi et al’*? and Sohrabi et al?
as having a diameter of 3.0 mm and < 3.5 mm, respec-
tively, may not be suitable to replace posterior teeth,
which are subject to higher occlusal forces, although
short-term performance of narrow implants seems
comparable.?>3 This is especially true if implanto-
plasty must be performed on those implants, because
the procedure further decreases the implant strength.
In this study, each NT implant had two fracture lines,
whereas the NC implant had only one fracture with
a slower growth of the crack. This pattern of failure is
related to the degree of plastic deformation from re-
duction of the wall thickness'? and to the creation of
microscopic irregularities after implantoplasty. There-
fore, for atrophic ridges in the posterior region, a ridge
augmentation procedure, followed by placement of
wider implants, may be a preferred option.

The mode of fracture was ductile, with plastic de-
formation of the implants and abutment screws, as
suggested by the SEM examinations. The fractured
surfaces were rough, consisting of dimples or micro-
voids of relatively high surface energy. Tensile stresses
developing within the implant-abutment complex
under loading can lead to fractures of implants or
screws.'”"1° The implants failed at the platform on the
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bending side, with the fracture growing slowly in the
apical direction along the implant body with bending
of the abutment screw.

Meanwhile, the W implants did not experience plas-
tic deformation under loading; instead, fractures were
limited within the abutment screws. The crack devel-
oped on the opposite side of the bending and grew in
an oblique direction, with stress localization of bend-
ing perpendicular to the axis of principal tension. The
fracture continued to grow until it released the energy
through the newly created surfaces of the complete
fracture. The mode of fracture was slow; however, the
end point of catastrophic fracture failure was rapid,
leaving a mirror image of a shiny surface at the tip of
breakage. This initial slow mode of bending and crack
growth can be noted intraorally with changes in oc-
clusal contacts.?* Thus, patients who have received
implantoplasty should be monitored regularly to
evaluate occlusal contacts and identify early signs of
mechanical failure of the implant-abutment complex.

CONCLUSIONS

Within the limits of this study, narrower (3.75-mm) in-
ternal-connection implants were more prone to failure
by fracture after implantoplasty. The implant fractured
when the thickness of the lateral walls was insufficient
to resist bending forces. Care should be taken when
performing implantoplasty to avoid nonuniform re-
duction of the wall thickness along the length of an
implant. Wider implants are therefore preferred in pos-
terior areas to prevent possible catastrophic implant
fracture when implantoplasty is required. The clinical
relevance of this failure mechanism in the implant-
abutment complex should be further tested with
experimental conditions similar to the intraoral envi-
ronment, for example, application of dynamic loading.
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