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Abstract: (1) Background: The present pilot in vitro study evaluated, physically and biologically,
the effects produced by the wear of the titanium surface using different drill models. (2) Methods:
Titanium disks were subjected to wear using four different burs and accordingly divided into the
following test groups (n = 12 disks per group): Tungsten Burs (TB group), Tungsten Carbide Burs
(TCB group), Coarse-Grained Diamond Burs (CGB group), and Fine-Grained Diamond Burs (FGB
group). As a control group (CON group), titanium disks with a smooth surface (machined) were
used. The samples were subjected to atomic force microscopy (AFM), profilometry analysis, scan-
ning electron microscopy (SEM), and cell viability and adhesion assessments. (3) Results: The values
of the measured roughness parameters showed statistical differences among the five groups (p =
0.0035 for Ra and p = 0.0010 for Rz). All test groups showed an important difference statistically (p
=0.0032) to the CON group for the cell viability and adhesion analysis. The data of cell absorbance
at 570 nm were 0.4122 + 0.05 for the CON group, 0.1354 + 0.02 for the TB group, 0.123 + 0.01 for the
TCB group, 0.1414 + 0.02 for the CGB group, and 0.1216 + 0.03 for the FGB group. Additionally, the
cell count showed the following adherence percentages: 57.6 + 4.6% for the CON group, 22.9 + 3.3%
for the TB group, 23.4 + 2.9% for the TCB group, 22.5 + 3.1% for the CGB group, and 23.7 + 3.3% for
the FGB group. However, no statistical differences were found among the four test groups analyzed
(p = 0.3916). (4) Conclusions: The results showed that the changes produced on the surface by the
four different bur models altered the topography characteristics and affected the cell viability and
adhesion in comparison with the control group.

Keywords: titanium surface; implantoplasty; cell viability and adhesion; peri-implantitis; titanium
instrumentation; fibroblast cells

1. Introduction

Peri-implantitis is the most serious disease in implantology and often has severe con-
sequences for rehabilitation treatments with implants [1]. To date, there is no defined
and/or predictable treatment for this condition [1-3]. Peri-implantitis is an inflammation
of the tissues around an implant, characterized by progressive loss of the peri-implant
tissue level [1,4-6]. The loss of bone support caused by peri-implantitis can vary among
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individuals; in addition, this loss may increase over time, usually progressively and non-
linearly [1,4,7].

Regarding the incidence of peri-implant diseases, there is limited information in the
literature about their real prevalence [8]. Peri-implantitis has a multifactorial origin and is
not well-determined [4]. According to Valente and Andreana [7], the overall frequency of
peri-implant mucositis and peri-implantitis was 63.4% and 18.8%, respectively. There are
also reports in the literature indicating that the incidence of peri-implantitis can vary from
12% to 40% [9].

Numerous methods to decontaminate implant surfaces have been used by clinicians.
Comparisons of decontamination methods have not revealed any statistically significant
difference in treatment results [10-12]. The establishment of a clean implant surface has
been suggested as a prerequisite for successful regenerative treatment of peri-implantitis
[13]. Contaminants such as bacteria and their secretions, calculus, and soft tissue cells
should be removed without modifying the implant surface. However, it is still unknown
to what extent these contaminants must be removed to achieve a successful treatment re-
sult [14].

An alternative used by some professionals in the treatment of contaminated implants
that have peri-implantitis is the smoothing (wear) of the rough and irregular surfaces of
the implant with rotating instruments [15]. Implantoplasty is performed to reduce new
bacterial adhesion and to optimize cleaning, thus preventing the recurrence of peri-im-
plantitis in the portion of the oral cavity which will be exposed later. When performing
implantoplasty, different rotary instruments, such as carbide burs and diamond burs, can
be used, and good polishing is important [15,16]. However, studies have shown that me-
chanical resistance is affected with this type of treatment [17,18]. The surface morphology
of titanium, regardless of the roughness parameters, affects cell viability and adhesion.
Any type of mechanical treatment performed on a dental implant will modify its physical-
chemical structure [19].

The peri-implant tissue adhesion on the implant surface is a fundamental condition
to restore the health of these areas after treatment. In this study, we used four different
bur models (simulating implantoplasty techniques) to evaluate the effect of titanium in-
strumentation (wear) on the topography characteristic alterations as well as on cellular
viability and adhesion in these conditions.

2. Materials and Methods
2.1. Titanium Disks and Group Formation

Sixty disks with a 5 mm diameter and a 2 mm thickness were produced from com-
mercially pure titanium grade 4, according to ASTM-F67 (Figure 1). The chemical compo-
sition is: titanium (Ti) 2 98.6%, Iron (Fe) < 0.50%, Oxygen (O) < 0.40%, Carbon (C) < 0.080%,
Hydrogen (H) 0.015%, and other 0.3%.
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Figure 1. Representative image of the titanium disk used in the study.

All disks were manufactured by Implacil De Bortoli (Sdo Paulo, Brazil) using tita-
nium bars for dental implants. The disks were divided into four test groups according to
the bur model used to wear the surface and a control group (n =12 per group). The control
group disks had a smooth surface, but had the same conditions (sterilization and physi-
cochemical state) as commercialized implants. In one group, the disks were instrumented
using a Tungsten Bur (TB group) tapered design at length of 4.4 mm and diameter of 1.2
mm of the active part, and granulometry of 91-126 pum; in another group, the disks were
instrumented using a Tungsten Carbide Bur (TCB group) tapered design at length of 6.5 mm
and diameter of 1.0 mm of the active part, and granulometry of 30 um; in another group, the
disks were instrumented using a Coarse-Grained Diamond Bur (CGB group) tapered design
at length of 6.5 mm and diameter of 1.2 mm of the active part, and granulometry of 151 um;
and finally, in one group, the disks were instrumented using a Fine-Grained Diamond Bur
(FGB group) tapered design at length of 6.5 mm and diameter of 1.0 mm of the active part,
and granulometry of 46 um. All tested burs were manufactured and commercialized by
the same company (KG Sorensen, Cotia, Brazil) (Figure 2), and a new bur was used to
wear each disk. Each disk was worn across the whole surface area (5 mm).

m' y Lo ] -
TB group +“, TCB group - . CGBgroup - . FGB group

Figure 2. Representative images of burs used in each group to wear the disks.
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The sample size was based on a power level of 85% to obtain a p-value of 0.05, calcu-
lated by using a software program (SigmaStat 4.0; Systat Software Inc., San Jose, CA,
USA). To obtain a desired power level of 85%, with differences between the means and
standard deviations of each group, the minimum sample size for each group under each
condition was six samples.

The disks were clamped into a mechanical lathe machine Model BV-20 Ferrari (Sao
Paulo, Brazil) with the purpose of obtaining a uniform wear of all disks (Figure 3a). All
disks had worn a thickness of 0.5 mm. Figure 3b shows a disk after the instrumentation.
The wearing was performed under intense water cooling at a speed of 30,000 rpm. The
average time for each disk to wear out was 60 s.

Figure 3. Representative images of a disk during (a) and after (b) the surface instrumentation.

After the instrumentation, all samples were washed in water, air-dried, and sterilized
in an autoclave. Six disks for each group were used for the cell growth assay and six for
atomic force microscopy (AFM) and scanning electron microscopy (SEM).

2.2. Morphological Surface Analysis

For the measurement of the surface roughness and the description of the topographic
characteristics of each group, six disks per group were submitted to scanning electronic
microscopy (SEM, Philips XL30, Eindhoven, The Netherlands) at x150, x1000, and x5000
to record a series of images based on secondary electrons (SEs). After this examination, all
samples were analyzed by atomic force microscopy (AFM, Nanoscope Illa, Veeco, Santa
Barbara, CA, USA) to assess the 3D surface topography. Then, two roughness parameters,
the absolute values of all profile points (Ra) and the arithmetic mean of the depths of the
five deepest valleys (Rz), were measured using an optical laser profilometer (Mahr
GmbH, Gottingen, Germany). All measurements were performed in three different areas
of each disk (0.5, 2, and 4 mm from the disk edge), and an average was calculated for each
sample.

2.3. Cellular Assay

The sample disks of each group were put into a well of a 48-well plate and 20,000
VERO cells (ATCC CCL-81) were seeded in each one. The cells were cultured in Dul-
becco’s modified Eagle medium (DMEM) supplemented with 5% fetal calf serum, peni-
cillin, and streptomycin and incubated in a 5% CO: atmosphere at 37 °C for 24 h. Cell
proliferation was assessed by MTT (3-[4.5-dimethylthiazol-2-yl]-2.5-diphenyltetrazolium
bromide) bioassay, which is based on the conversion of MTT to water-insoluble formazan
crystals inside the cells by mitochondrial dehydrogenases. MTT was dissolved in phos-
phate-buffered saline (0.1 M PBS) at 5 mg/mL and added to the wells (0.02 mL). After 4 h
of incubation at 37 °C, the medium with MTT was completely removed from the wells
and DMSO (0.1 mL) was added to solubilize the mitochondrial formazan. The plates were
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gently shaken for 10 min. The optical density was read at 570 nm (Thermo Scientific Vari-
oskan® Flash Multimode, www.thermo.com, (accessed date)). Each experiment was re-
peated three times. The mean values + standard deviation are reported for each group.

To evaluate differences in the morphology/adhesion pattern of cells to different
tested surfaces, red LNCaP adherent epithelial cells, derived from a human prostate can-
cer cell line stably transfected with pEZX-MRO02 plasmid (GeneCopoeia, Rockville, MD,
USA), were used. These LNCaP cells with red phenotype were maintained in an RPMI
1640 medium supplemented with 10% FBS and penicillin/streptomycin in a 5% carbon
dioxide atmosphere at 37 °C. Images were acquired using the ZOE Fluorescent Cell Im-
ager (BioRad, Hercules, CA, USA). After 24 h, cells were washed with 1 mL 0.1 M PBS
three times to remove unattached cells. The cells remaining after this procedure were
counted manually using the Image] program (National Institute of Health, Bethesda, ML,
USA).

2.4. Statistical Analysis

Statistical comparison was performed using a one-way analysis of variance
(ANOVA) to determine the differences among all groups, followed by Bonferroni’s mul-
tiple comparison test to determine individual differences between the groups. In all cases,
p < 0.05 was considered significant. The data were analyzed with the GraphPad Prism
version 5.01 for Windows (GraphPad Software, San Diego, CA, USA).

3. Results

For SEM analysis, images of the disks were obtained at x150, x1000, and x5000 based
on secondary electrons (SEs). The SEM images show different topography of the surfaces after
wear for each group. At low magnification (x150), the wear produced a uniform and even
surface in all groups. However, at higher magnifications (x1000 and x5000), it was possible to
observe large irregularities in the form of the non-uniform sulcus, and, in some places, poorly
cut spikes of titanium, in comparison with the disks of the CON group (which showed a uni-
form distribution of the sulcus). In these images at greater magnification, the TCB and CGB
groups showed greater irregularities compared to the TB and FGB groups. Figure 4 shows
representative SEM images of the magnifications proposed for each group.
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Figure 4. Representative SEM images of the magnifications proposed for each group: x150, x1000,
and =x5000 magnifications.

With regard to the roughness analysis of the surfaces of the groups, the obtained
values for the roughness parameters evaluated for Ra and Rz are presented in Table 1. In
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the comparison among all groups, the one-way ANOVA statistical test showed differ-
ences among them: p = 0.0035 for Ra and p = 0.0010 for Rz.

Table 1. The mean and standard deviation of the measured values (in um) of surface roughness
parameters analyzed (Ra and Rz) for each group.

Rough
OUBNESS — oN Group TB Group TCB Group CGB Group FGB Group
Parameters
Ra 0.77+0.14 0.45+0.10 0.75+0.16 0.83+0.16 0.51+0.14
Rz 4.32 +0.66 3.68 +0.64 5.61+0.74 6.03 +0.71 3.98 +0.67

The AFM images of the surface morphology showed different irregularities of the
surfaces after implantoplasty (instrumentation) procedures for the groups (Figure 5).

TB group TCB group CGB group FGB group

Figure 5. AFM 3D images of the surface morphology of each group.

To evaluate the influence of different surfaces on the growth of cells, a fibroblast-like
cell line was used in an in vitro experiment where, after culturing for 24 h, fibroblast mi-
tochondrial activity was evaluated through MTT assay. The groups showed an important
statistical difference among them (p = 0.0032). However, we compared the four groups
with wear on the disks, and no significant differences were found among these groups (p
= 0.3916). The bar graph of Figure 6 shows the comparison among the groups.
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Figure 6. Viability assay of cells growing in the four groups of worn titanium disks assessed by MTT
bioassay. Absorbance at 570 nm. Mean values, expressed as the mean + standard deviation, are rep-
resented.

The Bonferroni’s multiple comparison test between the groups is presented in Table
2.

Table 2. Bonferroni’s multiple comparison test to compare the growth of cells between the groups.
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Group Comparison Mean of Diff. p-Value 95% CI
CON vs. TB 0.2768 0.0022 * 0.2262 to 0.3274
CON vs. TCB 0.2892 0.0022 * 0.2385 to 0.3398
CON vs. CGB 0.2708 0.0022 * 0.2201 to 0.3214
CON vs. FGB 0.2906 0.0022 * 0.2400 to 0.3412
TB vs. TCB 0.01238 0.2403 -0.03825 to 0.06302
TB vs. CGB -0.006019 0.6991 -0.05666 to 0.04462
TB vs. FGB 0.01382 0.4848 -0.03682 to 0.06446
TCB vs. CGB -0.01840 0.1727 -0.06904 to 0.03223
TCB vs. FGB 0.001436 0.6884 -0.04920 to 0.05207
CGB vs. FGB 0.01984 0.3939 -0.03080 to 0.07048

TB group TCB group CGB group FGB group

Diff. = differences; * p—value summary for p < 0.05; CI = confidence interval.

Adherence of fibroblast cells with red phenotype to the five surface groups was in-
vestigated. The number of adherent cells remaining on the surface of the worn titanium
disks was quantified and calculated as a percentage of the initial cell number deposited
on each surface. The cell count showed the following adherence percentages: 57.6 + 4.6%
for the CON group, 22.9 + 3.3% for the TB group, 23.4 + 2.9% for the TCB group, 22.5 +
3.1% for the CGB group, and 23.7 + 3.3% for the FGB group. Thus, the fibroblast cells
showed equal ability to adhere in all groups, indicating a similar low adhesion capacity
on worn surfaces. Figure 7 shows representative images of the adhered cells from a sam-
ple of each group.

Figure 7. Representative images of the adhered cells from a sample of each group.

4. Discussion

Peri-implantitis is an inflammatory disease that affects the longevity of rehabilitation
treatments involving dental implants. Different treatments have been proposed but with-
out much predictability in their results [10-12,20,21]. However, there seems to be a con-
sensus among researchers and clinicians that an adequate decontamination of the surface
of the affected implants is of fundamental importance to obtain a satisfactory result [22].
Therefore, different approaches have been suggested and studied, such as cleaning by
ultrasound, sandblasting, curettage, and, more recently, wear of the implants (implanto-
plasty) [20,22-24]. Our main objective was to study the effects of four different drills com-
monly used in dentistry on the wear of the titanium surface. We evaluated the topo-
graphic characteristics of the surface as well as the behavior of these “new surfaces” with
respect to cell contact. The results, both in the evaluations of superficial morphology and
in relation to cellular behavior, showed that regardless of the type of bur used, a favorable
scenario was not obtained in any situation.

The health of peri-implant tissues depends on bacterial control, so the need for a mi-
crobiological seal is of fundamental importance to the long-term survival of implants [21].
A proper union between the peri-implant tissues and titanium is dependent on the phys-
ical and chemical conditions of its surface. When bone tissue has been lost around im-
plants due to the occurrence of peri-implantitis, it is difficult to regenerate, even using
guided bone-regeneration techniques. Therefore, after adequate treatment of peri-implan-
titis, the contact of the cervical implant portion will be with the mucosal tissue due to bone
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loss caused by this disease [25,26]. Thus, in our present study, fibroblast cells were used
for the viability and adhesion tests. The results showed that, regardless of the type of drill
used for disk wear, cell viability was low for all proposed test groups. When compared
with the control group (with a smooth surface), but with their surfaces physically and
chemically unaltered (similar to a ready-to-use implant), the results obtained for the test
groups were much higher for the CON group. The disks worn by the burs had fibroblast
cell viability and adhesion test values that were, on average, 65% lower than those of the
machined disks (CON group).

Recent studies have demonstrated that smooth titanium surfaces can promote good
cellular adhesion [27], including electrochemical polishing protocols, which have been
proposed and incorporated into some processes for manufacturing implants and abut-
ments [28]. Our surface analyses, after wear with the different types of burs, showed a
very irregular surface topography. However, based on the classification of the degree of
roughness proposed by Wennerberg and Albrektsson [29], and the values obtained for
roughness parameters after disk wear, these surfaces can be considered as smooth. In ac-
cordance with a recent report by Gehrke et al. (2016) [18], we can suggest that the changes
in the surface characteristics and the surface topography regularity are responsible for the
low cellular response found in our study.

As for the type of drill used, our results showed that the cutting power (coarse grain
burs) is inversely proportional to the result obtained. Other studies have shown that, for
implantoplasty, the use of conical carbide cutter burs had the best results [15]. Our results
showed that there was no significant difference in results when using diamond burs com-
pared to carbide burs. Moreover, the bur performance was significantly determined by
the average cutting speed and its diameter [30]. Regarding the cost-benefit of using burs
for implantoplasty, it is a very inexpensive method as this type of drill has a low price for
its acquisition; however, in terms of benefit, the technique showed little addition to the
cell activities tested (viability and adhesion).

Several problems associated with the surgical treatment of peri-implantitis have been
investigated, including methods for decontamination of the implant surface, and various
protocols have been suggested. Only the loss of bone support, in response to peri-implan-
titis, considerably decreased the resistance of the implants [31]. As demonstrated in this
study, a loss of 3 mm of insertion decreased resistance by 37.2%, and a 5 mm loss of inser-
tion decreased resistance by 53.8%. When an implant is worn (implantoplasty), the loss of
resistance can reach 40% depending on the implant design [18]. Thus, implantoplasty can
have consequences, both mechanically and biologically, that are not favorable to the lon-
gevity of treatment with implants. However, other authors have shown that changes in
superficial morphology promoted by implantation associated with surgical treatment,
such as the depth of the peri-implant pouch, purulent secretions, and tissue bleeding, can
positively influence implant survival and clinical results [32]. Rough surfaces and threads
of the implant facilitate the attachment of bacteria and biofilm and are difficult to clean
[33-35], unlike smooth surfaces which are easier to clean [35]. However, the treatment of
peri-implantitis is palliative, as cited by Schwarz et al. [36], “complete disease resolution
was commonly not obtained”. Its main objectives are to reduce and/or control the pres-
ence of microorganisms on the surface of the implants.

A few important limitations of the present study can be reported, such as the fact that
the wears were performed on disks with a flat surface, which is different from implants
(which are cylindrical). However, other recent studies have used titanium discs for differ-
ent experiments; these include evaluation of the efficiency of protocols (mechanical and/or
chemical) for bacterial decontamination simulating peri-implantitis [37—41] and simulat-
ing the implantoplasty [41,42]. Furthermore, performing cellular assays directly with im-
plants is more complex due to its shape; as it is a round screw, it is difficult to properly
stabilize the implant. The ease of access to perform the procedure outside the oral cavity
and the possibility of direct viewing of the location of wear and tear can also be considered
limitations. In addition, for the cellular assay, the disks were previously sterilized, which
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is not possible when this type of procedure is performed on patients in a contaminated
environment.

5. Conclusions

The instrumentation (wear) of the disks with the four bur models tested produced
roughness patterns (Ra and Rz) which were considered as a smooth surface. In the TCB
and CGB groups, the roughness values presented were similar to those of the control
group. However, all new surfaces obtained after wear showed changes in the surface that
hindered the activity of fibroblastic cell viability and adhesion on the disks, in comparison
with the control group. Despite the limitations reported —including the standardization
of wear for the four models of drills tested, which would be different from the clinical
setting where the implants are inserted into the tissues and not flat surfaces like the disks
we used —we conjecture that the finish of the wear produced would be less regular. Our
results showed that the cell viability and adhesion are not related to the roughness pro-
duced on the surface, but to the altering of other surface characteristics of titanium. Fur-
ther studies are needed to understand the possible causes that hinder cellular activity on
instrumented (worn) titanium surfaces.

Author Contributions: Conceptualization, S.A.G., P.N.d.A., and G.O.C,; data curation, S.A.G., L.P.-
D., and B.A.D,; formal analysis, S.A.G. and B.A.D.; investigation, S.A.G., G.O.C,,L.P.-D.,and B.A.D.;
methodology, S.A.G., P.N.d.A., and G.O.C,; resources, G.O.C. and P.N.d.A.; software, L.P.-D.; writ-
ing—original draft, S.A.G., L.P.-D., and G.O.C.; writing—review and editing, S.A.G. All authors
have read and agreed to the published version of the manuscript.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Funding: Grant PID2020-116693RB-C21 funded by MCIN/AEI/10.13039/501100011033.

Data Availability Statement: The data that support the findings of this study are available from
the corresponding author upon reasonable request.

Acknowledgments: The author Sergio Alexandre Gehrke was funded by a post-doctoral grant n®
2021/PER/00020 from the Ministerio de Universidades under the program “Ayudas para la recuali-
ficacion del sistema universitario espafiol de la Universidad Miguel Hernandez” modalidad “Mar-
garita Salas para la formacion de jovenes doctores”. The funders had no role in the study design,
data collection and analysis, decision to publish, nor preparation of the manuscript. The authors
thank M.A. Duhagon for kindly providing the cells for this experiment.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Rokaya, D.; Srimaneepong, V.; Wisitrasameewon, W.; Humagain, M.; Thunyakitpisal, P. Peri-implantitis Update: Risk Indica-
tors, Diagnosis, and Treatment. Eur. ]. Dent. 2020, 14, 672—-682.

2. Elemek, E.; Agrali, O.B.; Kuru, B.; Kuru, L. Peri-implantitis and Severity Level. Eur. ]. Dent. 2020, 14, 24-30.

3. Porenczuk, A.; Gérski, B. Peri-implantitis: A Serious Problem of Dental Implantology. In Advances in Dental Implantology Using
Nanomaterials and Allied Technology Applications; Chaughule, R.S., Dashaputra, R., Eds.; Springer: Cham, Switzerland, 2021.
https://doi.org/10.1007/978-3-030-52207-0_9.

4. Schwarz, F.; Derks, J.; Monje, A.; Wang, H.L. Peri-implantitis. ]. Periodontol. 2018, 89, S267-5290.

5. Berglundh, T.; Armitage, G.; Araujo, M.G.; Avila-Ortiz, G.; Blanco, J.; Camargo, P.M.; Chen, S.; Cochran, D.; Derks, ].; Figuero,
E.; et al. Peri-implant diseases and conditions: Consensus report of workgroup 4 of the 2017 World Workshop on the Classifi-
cation of Periodontal and Peri-Implant Diseases and Conditions. ]. Periodontol. 2018, 89, S313-5318.

6. Renvert, S.; Persson, G.R; Pirih, F.Q.; Camargo, P.M. Peri-implant health, peri-implant mucositis, and peri-implantitis: Case
definitions and diagnostic considerations. J. Clin. Periodontol. 2018, 45, S278-5285.

7. Valente, N.A.; Andreana, S. Peri-implant disease: What we know and what we need to know. J. Periodontol. Implant. Sci. 2016,
46, 136-151.

8.  Cosgarea, R.; Sculean, A.; Shibli, J.A.; Salvi, G.E. Prevalence of peri-implant diseases— A critical review on the current evidence.

Braz. Oral Res. 2019, 33, e063.



Appl. Sci. 2022, 12, 7920 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

Salvi, G.E.; Cosgarea, R.; Sculean, A. Prevalence and Mechanisms of Peri-implant Diseases. . Dent. Res. 2017, 96, 31-37.

Wada, M.; Mameno, T.; Otsuki, M.; Kani, M.; Tsujioka, Y.; Ikebe, K. Prevalence and risk indicators for peri-implant diseases: A
literature review. Jpn. Dent. Sci. Rev. 2021, 57, 78-84.

Salmeron, S.; Rezende, M.L.; Consolaro, A.; Sant'ana, A.C.; Damante, C.A.; Greghi, S.L.; Passanezi, E. Laser therapy as an effec-
tive method for implant surface decontamination: A histomorphometric study in rats. J. Periodontol. 2013, 84, 641-649.

El Chaar, E.; Almogahwi, M.; Abdalkader, K.; Alshehri, A.; Cruz, S.; Ricci, ]. Decontamination of the Infected Implant Surface:
A Scanning Electron Microscope Study. Int. |. Periodontics Restor. Dent. 2020, 40, 395-401.

Linden, E.; Cobb, C.M.; Fletcher, P.; Zhao, D. SEM Evaluation of the Effects of Laser-Mediated Implant Surface Decontamina-
tion: An In Situ Human Pilot Study. Int. J. Periodontics Restor. Dent. 2021, 41, 711-717.

Wheelis, S.E.; Gindri, LM.; Valderrama, P.; Wilson, T.G. Jr.; Huang, J.; Rodrigues, D.C. Effects of decontamination solutions on
the surface of titanium: Investigation of surface morphology, composition, and roughness. Clin. Oral Implant. Res. 2016, 27, 329—
340.

Meier, R.M.; Pfammatter, C.; Zitzmann, N.U; Filippi, A.; Kiihl, S. Surface quality after implantoplasty. Schw. Mon. Zahnmed.
2012, 122, 714-724.

Sahrmann, P.; Luso, S.; Mueller, C.; Ender, A.; Attin, T.; Stawarczyk, B.; Schmidlin, P.R. Titanium Implant Characteristics After
Implantoplasty: An In Vitro Study on Two Different Kinds of Instrumentation. Int. J. Oral Maxillofac. Implant. 2019, 34, 1299—
1305.

Costa-Berenguer, X.; Garcia-Garcia, M.; Sanchez-Torres, A.; Sanz-Alonso, M.; Figueiredo, R.; Valmaseda-Castellén, E. Effect of
implantoplasty on fracture resistance and surface roughness of standard diameter dental implants. Clin. Oral Implant. Res. 2018,
29, 46-54.

Gehrke, S.A.; Aramburt Janior, J.S.; Dedavid, B.A.; Shibli, J.A. Analysis of Implant Strength After Implantoplasty in Three
Implant-Abutment Connection Designs: An In Vitro Study. Int. ]. Oral Maxillofac. Implant. 2016, 31, e65—e70.

Perez-Diaz, L.; Dedavid, B.A.; Gehrke, S.A. Evaluation of Fibroblasts Cells Viability and Adhesion on Six Different Titanium
Surfaces: An in vitro Experimental Study. Recent Pat. Biotechnol. 2018, 12, 145-153.

Suarez-Lopez Del Amo, F.; Yu, S.H.; Wang, H.L. Non-Surgical Therapy for Peri-Implant Diseases: A Systematic Review. J. Oral
Maxillofac. Res. 2016, 7, e13.

Newman, M.G.; Essex, G.; Laughter, L.; Elangovan, S. Clinical Periodontology for the Dental Hygienist; Elsevier Health Sciences:
New York, NY, USA, 2020; pp. 651-659.

Roccuzzo, M.; Layton, D.M.; Roccuzzo, A.; Heitz-Mayfield, L.J. Clinical outcomes of peri-implantitis treatment and supportive
care: A systematic review. Clin. Oral Implant. Res. 2018, 2, 331-350.

Khoshkam, V.; Suarez-Lopez Del Amo, F.; Monje, A.; Lin, G.H.; Chan, H.L.; Wang, H.L. Long-term radiographic and clinical
outcomes of regenerative approach for treating peri-implantitis: A systematic review and meta-analysis. Int. |. Oral Maxillofac.
Implant. 2016, 31, 1303-1310.

Mahato, N.; Wu, X.; Wang, L. Management of peri-implantitis: A systematic review, 2010-2015. Springerplus 2016, 5, 105.
Monje, A.; Pons, R.; Insua, A.; Nart, J.; Wang, H.L.; Schwarz, F. Morphology and severity of peri-implantitis bone defects. Clin.
Implant. Dent. Relat. Res. 2019, 21, 635-643.

Bianchini, M. A.; Galarraga-Vinueza, M.E.; Bedoya, K.A.; Correa, B.B.; de Souza Magini, R.; Schwarz, F. Implantoplasty Enhanc-
ing Peri-implant Bone Stability Over a 3-Year Follow-up: A Case Series. Int. ]. Periodontics Restor. Dent. 2020, 40, e1—e8.
Martinez, M.A.F.; Balderrama, [.F.; Karam, P.S.B.H.; de Oliveira, R.C.; de Oliveira, F.A.; Grandini, C.R.; Vicente, F.B.; Stavropou-
los, A.; Zangrando, M.S.R.; Sant'Ana, A.C.P. Surface roughness of titanium disks influences the adhesion, proliferation and
differentiation of osteogenic properties derived from human. Int. |. Implant. Dent. 2020, 6, 46.

Milleret, V.; Lienemann, P.S.; Gasser, A.; Bauer, S.; Ehrbar, M.; Wennerberg, A. Rational design and in vitro characterization of
novel dental implant and abutment surfaces for balancing clinical and biological needs. Clin. Implant. Dent. Relat. Res. 2019, 21,
15-24.

Wennerberg, A.; Albrektsson, T. Effects of titanium surface topography on bone integration: A systematic review. Clin. Oral
Implant. Res. 2009, 20, 172-184.

Gehrke, S.A.; Souza Dos Santos Vianna, M.; Dedavid, B.A. Influence of bone insertion level of the implant on the fracture
strength of different connection designs: An in vitro study. Clin. Oral Investig. 2014, 18, 715-720.

Prathapachandran, J.; Suresh, N. Management of peri-implantitis. Dent. Res. |. 2012, 9, 516-521.

Renvert, S.; Roos-Jansaker, A.M.; Claffey, N. Non-surgical treatment of peri-implant mucositis and peri-implantitis: A literature
review. J. Clin. Periodontol. 2008, 35, 305-315.

Pita, P.P.C.; Rodrigues, ].A.; Ota-Tsuzuki, C.; Miato, T.F.; Zenobio, E.G.; Giro, G.; Figueiredo, L.C.; Gongalves, C.; Gehrke, S.A.;
Cassoni, A.; et al. Oral Streptococci Biofilm Formation on Different Implant Surface Topographies. Biomed. Res. Int. 2015, 2015,
159625.

Gehrke, S.A.; Boligon, ].; Shibli, J.A. Evaluation of the Cleaning and Alterations in Titanium Surfaces with Different Mechanical
Instruments Using an Artificial Calculus. Oral Health Dent. Manag. 2014, 13, 1029-1033.



Appl. Sci. 2022, 12, 7920 11 of 11

35.

36.

37.

38.

39.

40.

41.

42.

Schwarz, F.; Becker, K.; Renvert, S. Efficacy of air polishing for the non-surgical treatment of peri-implant diseases: A systematic
review. J. Clin. Periodontol. 2015, 42, 951-959.

Schwarz, F.; John, G.; Mainusch, S.; Sahm, N.; Becker, J. Combined surgical therapy of peri-implantitis evaluating two methods
of surface debridement and decontamination. A two-year clinical follow up report. J. Clin. Periodontol. 2012, 39, 789-797.
Kotsakis, G.A.; Lan, C.; Barbosa, J.; Lill, K.; Chen, R.; Rudney, J.; Aparicio, C. Antimicrobial Agents Used in the Treatment of
Peri-Implantitis Alter the Physicochemistry and Cytocompatibility of Titanium Surfaces. ]. Periodontol. 2016, 87, 809-819.
Ichioka, Y.; Derks, J.; Dahlén, G.; Berglundh, T.; Larsson, L. In vitro evaluation of chemical decontamination of titanium discs.
Sci. Rep. 2021, 11, 22753.

Amid, R.; Kadkhodazadeh, M.; Mojahedi, S.M.; Gilvari Sarshari, M.; Zamani, Z. Physicochemical Changes of Contaminated
Titanium Discs Treated With Erbium-Doped Yttrium Aluminum Garnet (Er:YAG) Laser Irradiation or Air-Flow Abrasion: An
In Vitro Study. J. Lasers Med. Sci. 2021, 12, e67.

Ichioka, Y.; Derks, J.; Dahlén, G.; Berglundh, T.; Larsson, L. Mechanical removal of biofilm on titanium discs: An in vitro study.
J. Biomed. Mater. Res. B Appl. Biomater. 2022, 110, 1044-1055.

Tawse-Smith, A.; Kota, A.; Jayaweera, Y.; Vuuren, W.].; Ma, S. The effect of standardised implantoplasty protocol on titanium
surface roughness: An in-vitro study. Braz. Oral Res. 2016, 30, e137.

Toledano-Serrabona, J.; Sanchez-Garcés, M.A.; Gay-Escoda, C.; Valmaseda-Castelldén, E.; Camps-Font, O.; Verdeguer, P.; Mol-
meneu, M.; Gil, F.J. Mechanical Properties and Corrosion Behavior of Ti6Al4V Particles Obtained by Implantoplasty: An In
Vitro Study. Part II. Materials. 2021, 14, 6519.



