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Abstract: Dental implants are the preferred fixed oral rehabilitation for replacing lost teeth. When peri-
implant tissues become inflamed, the removal of plaque accumulating around the implant becomes
imperative. Recently, several new strategies have been developed for this purpose, with electrolytic
decontamination showing increased potential compared to traditional mechanical strategies. In this
in vitro pilot study, we compare the efficacy of an electrolytic decontaminant (Galvosurge®) with an
erythritol jet system (PerioFlow®) and two titanium brushes (R-Brush™ and i-Brush™) in removing
Pseudomonas aeruginosa PAO1 biofilms from implants. Changes in the implant surface after each
approach were also evaluated. Twenty titanium SLA implants were inoculated with P. aeruginosa
and then randomly assigned to each treatment group. After treatment, decontamination efficacy was
assessed by quantifying colony-forming units (log10 CFU/cm2) from each implant surface. Scanning
electron microscopy was used to analyse changes in the implant surface. With the exception of
R-Brush, all treatment strategies were similarly effective in removing P. aeruginosa from implants.
Major surface changes were observed only in implants treated with titanium brushes. In conclusion,
this pilot study suggests that electrolytic decontamination, erythritol-chlorhexidine particle jet system
and i-Brush™ brushing have similar performance in removing P. aeruginosa biofilm from dental
implants. Further studies are needed to evaluate the removal of more complex biofilms. Titanium
brushes caused significant changes to the implant surface, the effects of which need to be evaluated.

Keywords: peri-implantitis; implants; decontamination systems; Pseudomonas aeruginosa; electrolytic
decontamination; dental implants

1. Introduction

Dental implants are the preferred fixed oral rehabilitation for replacing lost teeth.
With their increasing popularity, peri-implant tissue diseases have also increased, with an
estimated prevalence of 19.5% [1]. Peri-implantitis is a condition of the tissues surrounding
dental implants characterised by an inflammatory response of the peri-implant connective
tissue caused by dysbiotic plaque. This results in progressive loss of supporting bone
around the implants [2]. Peri-implantitis has been associated with the formation of a
bacterial biofilm on the implant surface consisting mainly of Gram-negative anaerobic
bacteria, but opportunistic pathogenic microorganisms such as P. aeruginosa, S. aureus and
C. albicans can also colonise the implant surface and lead to implant failure. [3–5].

Undiagnosed and untreated peri-implantitis has an irregular clinical course and rate of
progression [6]. The absence of the periodontal ligament, supracrestal attachment fibres, or
root cementum on implants distinguishes peri-implantitis from periodontitis [2]. However,
they do share the presence of dental plaque around the surface, which is responsible for
the immune response and the inflammatory response. For this reason, current therapies
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focus on decontaminating the implant surface. There are two types of approaches to
the treatment of peri-implantitis: surgical (resective and regenerative surgery) and non-
surgical (mechanical, chemical, antibiotic, laser methods and oral hygiene education) [4].
Non-surgical therapy should always precede surgical therapy to reduce peri-implant
tissue inflammation, assess response to antimicrobial therapy, and ensure effective patient
hygiene [7,8]. However, non-surgical therapy does not usually resolve peri-implantitis [9].
Surgical treatment of peri-implantitis includes mechanical decontamination of the implant
surface by debridement of the bacterial biofilm and removal of excess cement and inflamed
tissue, creation of peri-implant anatomy that promotes its decontamination, and, if possible,
regeneration of infra-osseous defects [9,10]. The ideal therapeutic approach must focus
on both the removal of pathogens and the prevention of recolonisation of the implant
surface [11]. However, there is still no method for decontaminating the surface of titanium
implants that can be considered better and more effective than other existing methods [12].

Among the peri-implant therapeutic approaches, the most commonly used can be
categorised into four groups: mechanical, chemical, antibiotic and laser [4,13]. A number
of methods, such as titanium brushing, particle blasting and, more recently, the electrolytic
approach, have shown good results in the decontamination of titanium surfaces, with each
method having a different effect on the surface structure [13,14].

The aim of this study was to compare the plaque removal efficacy of an electrolytic
decontamination method with three mechanical methods and to evaluate their impact
on the implant surface. Our main hypotheses were that the electrolytic treatment would
outperform the mechanical treatments in plaque removal and that the mechanical interven-
tions would have a greater effect on the surface characteristics of the dental implants than
the electrolytic treatment. P. aeruginosa was used as a model plaque bacterium because it
adheres to the surface of titanium implants and is often associated with peri-implantitis [5].

2. Materials and Methods
2.1. Study Design

This in vitro pilot study compared the removal of P. aeruginosa plaque from SLA im-
plants (NeoCMIImplant-EB-II active Fixture) using an electrolytic approach (Galvosurge®;
Galvosurge, Widnau, Switzerland), an erythritol jet system (PerioFlow®; EMS, Nyon,
Switzerland) and two titanium brushes (R-Brush™ and i-Brush™; NeoBiotech, Seoul, Re-
public of Korea). The negative control group received no treatment. We focused on SLA
implants because of their widespread clinical use worldwide [15].

2.2. Sample Size Calculation and Allocation of Interventions

In the absence of studies comparing defined surface cleaning of contaminated implants,
we defined a pilot sample of 4 implants per group for a total of 20 implants.

After being placed in an in vitro peri-implantitis replication model and contaminated
with P. aeruginosa (Section 2.3), the implants were randomly and equally allocated to each
group: C (no treatment); EL (electrolytic method); EJ (erythritol jet system); IB (i-Brush);
and RB (R-Brush).

2.3. In Vitro Model of Peri-Implantitis and Surface Contamination with P. aeruginosa

SLA implants were immobilised in acrylic models with a tapered defect in the centre
and an access hole for implant insertion, leaving the coronal surface exposed (Figure 1).
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Figure 1. In vitro model of peri-implantitis and surface contamination with P. aeruginosa. After
implant placement in the acrylic plate, the surgical cover screw was inserted. The implants were then
inverted and immersed in a P. aeruginosa inoculum and incubated at 37 ◦C for 24 h to allow biofilm
formation. The biofilms formed on the implants were then washed by immersion in 2 mL PBS 1×.
Surgical cover screws were removed prior to treatment group allocation.

A Pseudomonas aeruginosa PAO1 inoculum was then prepared. Briefly, fresh colonies
grown for 24 h on Mueller-Hinton agar (HiMedia Laboratories, India) were used to prepare
a bacterial suspension in BHI medium (Brain Heart Infusion; VWR, Belgium) with an
optical density at 600 nm (OD600 nm) of 0.1, corresponding to approximately 108 CFU/mL.
A further 1:100 dilution was prepared and used to inoculate (1.5 mL) the wells of 12-well
plates (JetBiofil Europe, Spain) already containing the acrylics in the inverted position
(implants down), as shown in Figure 1. The plates were incubated at 37 ◦C for 24 h to allow
biofilm formation on the implants. The acrylics were then removed and transferred in the
same position to a new well containing 2 mL of PBS 1× (Phosphate-Buffered Saline; Fisher
Scientific, Oxford, UK) so that the biofilms formed on the surface of the implants were
washed once. The acrylic was then positioned with the implants side-up and ready for the
subsequent specific treatment.

2.4. Plaque Removal Interventions

• Electrolytic decontamination [Figure 2a]: Electrolytic decontamination device using
galvanic currents (Galvosurge; Galvosurge Dental AG, Widnau, Switzerland), used
according to the manufacturer’s instructions. The head of the device is inserted into the
implant and held in place throughout the cleaning process. The Galvosurge cleaning
solution is pumped in, and a galvanic current forms hydrogen bubbles on the implant
surface to release the adherent biofilm. The unit automatically stops working when it
reaches 100% (2 min).
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Figure 2. Instruments used to remove plaque from the implants: (a) Galvosurge®; (b) Perioflow®;
(c) i-Brush™; (d) R-Brush™.

• Air abrasion with erythritol powder [Figure 2b]: An erythritol-based air-powder
abrasive device with a subgingival plastic nozzle (Perioflow; EMS, Nyon, Switzer-
land), used according to the manufacturer’s recommendations, with the “liquid” and
“power” settings set to the maximum (2 min).

• Mechanical debridement with i-Brush™ [Figure 2c]: Titanium brushes with stain-
less bristles (i-Brush; NeoBiotech, Seoul, Republic of Korea) used with irrigation at
10,000 rpm (2 min).

• Mechanical debridement using R-Brush™ [Figure 2d]: Rotary titanium brushes
(5.6/6.6 in diameter; R-Brush; NeoBiotech, Seoul, Republic of Korea) were used at a
rotational speed of 5000 rpm under irrigation with water (2 min).

2.5. Biofilm Quantification

Each implant, either untreated (control) or treated, was carefully removed from the
acrylic and placed in the well of a new 12-well plate containing 2 mL PBS 1×. Each 12-well
plate was sealed with parafilm and placed in an ultrasonic bath (TPC Dentsonic UC-1000
10L Ultrasonic Cleaner) for 20 min to dislodge and disperse the biofilm from the implants.
Then, from each well containing the dispersed biofilm in PBS 1×, 100 µL was used (after
vigorous up-down pipetting for better homogenisation) to perform serial 1:10 dilutions.
Controls were diluted from 10−1 to 10−6, and treated conditions were diluted from 10−1 to
10−4. Then 100 µL of the last four dilutions (10−3 to 10−6 for the control conditions and 10−1

to 10−4 for the treated conditions) were plated on Mueller-Hinton agar plates and incubated
overnight at 37 ◦C. The next day, colony-forming units (CFU) were counted on agar plates
containing between 30 and 300 colonies. CFU/cm2 values were then calculated for each
condition. The area (cm2) of the implant where the biofilm was formed was calculated
using the following formula: A = 2.π.r.h, where ‘r’ is the radius of the implant and ‘h’ is the
height immersed in the inoculum. CFU/cm2 were converted to log10 CFU/cm2, and the
mean and standard deviation were calculated for each study group.
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2.6. Scanning Electron Microscopy

The samples were observed using the following parameters: 350× magnification,
40 mm working distance (WD), and 30 kV high voltage. Images were processed using the
GNU Image Manipulation Program—gimp-2.10.

2.7. Statistical Analysis

Differences in bacterial colony counts (log10 CFU/cm2) between control and treat-
ment groups were evaluated by one-way ANOVA with Tukey’s multiple comparison test.
Hypothesis tests were two-tailed, and values of p < 0.05 were considered significant.

3. Results
3.1. Quantitative Analysis of Implant-Adhered Bacteria

With the exception of the R-Brush treatment, the number of P. aeruginosa cells removed
from the SLA implants after the different types of treatment was significantly lower com-
pared to the control implants (no treatment) (Figure 3, Tables 1 and 2). Consistent with
this, the RB group had the highest mean log10 CFU/cm2 of all treatment groups. On the
other hand, the EJ (erythritol jet) group had the lowest mean CFU/cm2 values (Figure 3
and Table 1). These data suggest that air polishing with an erythritol jet is the best method
for decontaminating implants and that the titanium R-Brush treatment is not effective for
this purpose.
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Table 1. Descriptive results (log10 CFU/cm2) for each group.

PC EL EJ IB RB

Mean (SD) 8.39 (0.36) 6.46 (1.07) 5. 86 (1.32) 6.32 (0.38) 6.74 (0.33)
SE 0.18 0.54 0.66 0.19 0.16

95% CI 7.83–8.96 4.76–8.16 3.76–7.95 5.72–6.93 6.22–7.26
Minimum 7.88 5.72 4.09 5.85 6.39
Maximum 8.69 8.00 7.27 6.77 7.13

Table 2. Multiple comparisons between the groups (p values are shown).

C EL EJ IB RB

C - 0.028 0.004 0.018 0.070
EL - - 0.824 0.999 0.987
EJ - - - 0.920 0.549
IB - - - - 0.947
RB - - - - -

3.2. Qualitative Evaluation of Treated Implants by Scanning Electron Microscopy

The surface of the four implants in each group was evaluated by scanning electron
microscopy, and the valley area between the coils was observed in two different areas of
each implant, giving a total of eight images per group (Figure 4). There was a noticeable
change in the surface of the implants treated with i-Brush™ and R-Brush™. In addition,
when comparing these two brushes, there appears to be a greater change on the surfaces
instrumented with i-Brush™. In the EL and EJ groups, no significant changes were observed
on the different surfaces compared to the control group.
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(b) EL: electrolytic decontamination; (c) EJ: erythritol jet; (d) IB: i-Brush™; (e) RB: R-Brush™. Repre-
sentative images are shown.

4. Discussion

This study showed that electrolytic decontamination, erythritol jet and i-Brush ti-
tanium brushes significantly reduced the bacterial load on titanium implant surfaces.
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However, none of the methods achieved complete decontamination of the implants. Lower
bacterial counts (log10 CFU/cm2) were observed on implants treated with the air polishing
system, and higher bacterial counts were observed on implants treated with R-Brush, but
the differences between methods did not reach statistical significance, indicating that all
decontamination strategies except R-Brush performed similarly. As a result, the hypothesis
of this study that the electrolytic treatment would be better than the mechanical treatments
in biofilm removal is rejected. To our knowledge, there are no in vitro studies performed
under the same conditions comparing the effectiveness of the decontamination methods
evaluated in this study.

SEM is commonly used for qualitative analysis of implant surfaces because of its
ability to provide information about the surface topography of the samples [11,13,16–25].
No significant changes were observed on the implant surfaces in the EL and EJ groups, as
observed by SEM. In contrast, implants instrumented with the titanium brushes (groups IB
and RB) showed significant surface changes in the form of scratches compatible with the
brush bristles. These results confirm the second hypothesis of this study that mechanical
interventions have a greater effect on the surface characteristics of dental implants than
electrolytic treatment.

Mechanical debridement of biofilm using titanium brushes has shown some efficacy
in previous studies, i.e., a reasonable reduction in the bacterial count of the surface under
investigation [17–19,25,26]. However, brushing did not show superior efficacy compared
to other existing methods, and the authors also reported significant changes in the titanium
surfaces caused by brushing, using qualitative analysis by SEM. Our results confirm the
previously mentioned studies, i.e., the i-Brush showed some decontamination efficacy with-
out evidence of superiority compared to the other methods used and caused remarkable
changes in the surface of the implants. The relatively poor decontamination performance
of the R-Brush observed in the current study is likely related to its low rotation speed
(5000 rpm, half that of the i-Brush).

The particle jet system is a widely studied method, especially when using sodium
bicarbonate particles [22,24,27,28] and glycine [13,14,21–23,25,27–30]. It has been found
that when smaller particle sizes such as glycine (25 µm) or erythritol (14 µm) are used, the
surface changes are not significant compared to sodium bicarbonate (40-65 µm), which has
larger particle sizes and consequently higher abrasive power [22]. In the present study,
we found that the erythritol-chlorhexidine particle jet system (14 µm) had no significant
effect on the surface of the SLA implants. These results are consistent with previous
studies showing that this treatment does not cause significant changes to the surface of
implants [22].

Recently, a new electrolytic approach has been developed, which consists of applying
a galvanic current to the implant, resulting in the formation of hydrogen bubbles on its
surface, thus releasing the adherent biofilm [13]. Electrochemical treatment of dental
implants combines the antibacterial action of bactericides with the direct oxidation of
bacterial enzymes and proteins, resulting in a low free concentration of harmful chemicals,
allowing the surface of an implant to be cleaned without altering its microtopography
and without affecting its physical properties [13,31–33]. In these studies, electrolytic
decontamination outperformed glycine jetting, and only electrolytic decontamination
was able to completely decontaminate the implant surfaces [13]. In the present study,
electrolytic decontamination did not show high decontamination performance, with higher
CFU/cm2 values than the erythritol jet method. The difference in results between the
present study and previous studies may be due to the use of different particles in the jetting
system and the difference in the bacterial system used, i.e., P. aeruginosa biofilm vs saliva-
derived biofilm. The bacteria present in the saliva-derived biofilm were not characterised,
and the salivary microbiome is usually highly heterogeneous [34], making it impossible to
compare the results. However, we have used a robust and strongly adherent biofilm model
of P. aeruginosa, which can be considered more difficult to remove, thus contributing to the
poorer results obtained in this study [35]. P. aeruginosa is a gram-negative bacterium that



J. Clin. Med. 2023, 12, 1703 8 of 10

grows easily under a wide range of conditions and temperatures and has a high ability to
adhere to surfaces [35]. In addition, P. aeruginosa is commonly found on dental implants
in patients with peri-implantitis [5]. For these reasons, P. aeruginosa was chosen as the
model bacterium for this research. On the other hand, the SEM evaluation of the surface
of the implants treated by the electrolytic decontamination method confirms previous
results [13,33], i.e., the electrolytic decontamination system does not cause significant
changes in the surface of the implants.

This in vitro study has limitations such as the use of implants with different geometries,
different areas exposed to contamination and decontamination, non-uniformity of the
biofilm formed on the implant surface due to the characteristics of P. aeruginosa biofilms,
and the use of monospecies biofilms. Studies using multi-species biofilms, which better
mimic the complex biofilm found in the oral cavity, are needed to better determine the
usefulness of the methods analysed in this study for implant decontamination.

5. Conclusions

This pilot study suggests that electrolytic treatment, erythritol-chlorhexidine particle
jetting and i-Brush™ brushing have similar performance in removing P. aeruginosa biofilm
from dental implants. Further studies are needed to evaluate the removal of more complex
biofilms, which represent dental plaque. Titanium brushes caused significant changes to
the implant surface, the effects of which need to be evaluated.

Author Contributions: Conceptualization, N.T., M.A.A., A.P.A.M. and A.S.; methodology, M.A.A.,
A.S., N.T., A.P.A.M., L.P. and L.J.B.; formal analysis, M.A.A., A.P.A.M., L.J.B., L.P., N.T. and A.S.; in-
vestigation, M.A.A., A.P.A.M., A.S. and L.J.B.; resources, J.J.M.; data curation, M.A.A., A.S., A.P.A.M.,
J.B. and V.M.; writing—original draft preparation, M.A.A.; writing—review and editing, N.T., A.S.,
A.P.A.M., J.J.M., J.B., V.M. and L.P.; visualization, A.P.A.M. and M.A.A.; supervision, N.T., L.P.,
A.P.A.M. and A.S.; funding acquisition, J.J.M. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We thank NeoBiotech and EMS for their generous material donations that
allowed us to conduct this study.

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

References
1. Diaz, P.; Gonzalo, E.; Villagra, L.J.G.; Miegimolle, B.; Suarez, M.J. What Is the Prevalence of Peri-Implantitis? A Systematic Review

and Meta-Analysis. BMC Oral Health 2022, 22, 449. [CrossRef] [PubMed]
2. Berglundh, T.; Jepsen, S.; Stadlinger, B.; Terheyden, H. Peri-Implantitis and Its Prevention. Clin. Oral Implant. Res. 2019, 30,

150–155. [CrossRef] [PubMed]
3. Albertini, M.; López-Cerero, L.; O’Sullivan, M.G.; Chereguini, C.F.; Ballesta, S.; Ríos, V.; Herrero-Climent, M.; Bullón, P.

Assessment of Periodontal and Opportunistic Flora in Patients with Peri-Implantitis. Clin. Oral Implant. Res. 2015, 26, 937–941.
[CrossRef]

4. Rokaya, D.; Srimaneepong, V.; Wisitrasameewon, W.; Humagain, M.; Thunyakitpisal, P. Peri-Implantitis Update: Risk Indicators,
Diagnosis, and Treatment. Eur. J. Dent. 2020, 14, 672–682. [CrossRef] [PubMed]

5. El-Telbany, M.; El-Sharaki, A. Antibacterial and Anti-Biofilm Activity of Silver Nanoparticles on Multi-Drug Resistance Pseu-
domonas Aeruginosa Isolated from Dental-Implant. J. Oral Biol. Craniofacial Res. 2022, 12, 199–203. [CrossRef]

6. Derks, J.; Schaller, D.; Håkansson, J.; Wennström, J.L.; Tomasi, C.; Berglundh, T. Peri-Implantitis—Onset and Pattern of Progression.
J. Clin. Periodontol. 2016, 43, 383–388. [CrossRef]

7. Renvert, S.; Hirooka, H.; Polyzois, I.; Kelekis-Cholakis, A.; Wang, H.-L. Diagnosis and Non-Surgical Treatment of Peri-Implant
Diseases and Maintenance Care of Patients with Dental Implants—Consensus Report of Working Group 3. Int. Dent. J. 2019, 69,
12–17. [CrossRef]

8. Wang, C.-W.; Renvert, S.; Wang, H.-L. Nonsurgical Treatment of Periimplantitis. Implant. Dent. 2019, 28, 155–160. [CrossRef]

http://doi.org/10.1186/s12903-022-02493-8
http://www.ncbi.nlm.nih.gov/pubmed/36261829
http://doi.org/10.1111/clr.13401
http://www.ncbi.nlm.nih.gov/pubmed/30636066
http://doi.org/10.1111/clr.12387
http://doi.org/10.1055/s-0040-1715779
http://www.ncbi.nlm.nih.gov/pubmed/32882741
http://doi.org/10.1016/j.jobcr.2021.12.002
http://doi.org/10.1111/jcpe.12535
http://doi.org/10.1111/idj.12490
http://doi.org/10.1097/ID.0000000000000846


J. Clin. Med. 2023, 12, 1703 9 of 10

9. Kormas, I.; Pedercini, C.; Pedercini, A.; Raptopoulos, M.; Alassy, H.; Wolff, L.F. Peri-Implant Diseases: Diagnosis, Clinical,
Histological, Microbiological Characteristics and Treatment Strategies. A Narrative Review. Antibiotics 2020, 9, 835. [CrossRef]

10. Khoury, F.; Keeve, P.L.; Ramanauskaite, A.; Schwarz, F.; Koo, K.-T.; Sculean, A.; Romanos, G. Surgical Treatment of Peri-
Implantitis—Consensus Report of Working Group 4. Int. Dent. J. 2019, 69, 18–22. [CrossRef]

11. Amate-Fernández, P.; Figueiredo, R.; Blanc, V.; Àlvarez, G.; León, R.; Valmaseda-Castellón, E. Erythritol-Enriched Powder and
Oral Biofilm Regrowth on Dental Implants: An in Vitro Study. Med. Oral Patol. Oral Cir. Bucal 2021, 26, e602–e610. [CrossRef]
[PubMed]

12. Toma, S.; Brecx, M.C.; Lasserre, J.F. Clinical Evaluation of Three Surgical Modalities in the Treatment of Peri-Implantitis: A
Randomized Controlled Clinical Trial. J. Clin. Med. 2019, 8, 966. [CrossRef] [PubMed]

13. Ratka, C.; Weigl, P.; Henrich, D.; Koch, F.; Schlee, M.; Zipprich, H. The Effect of In Vitro Electrolytic Cleaning on Biofilm-
Contaminated Implant Surfaces. J. Clin. Med. 2019, 8, 1397. [CrossRef] [PubMed]

14. Alovisi, M.; Carossa, M.; Mandras, N.; Roana, J.; Costalonga, M.; Cavallo, L.; Pira, E.; Putzu, M.G.; Bosio, D.; Roato, I.; et al.
Disinfection and Biocompatibility of Titanium Surfaces Treated with Glycine Powder Airflow and Triple Antibiotic Mixture: An
In Vitro Study. Materials 2022, 15, 4850. [CrossRef] [PubMed]

15. Rupp, F.; Liang, L.; Geis-Gerstorfer, J.; Scheideler, L.; Hüttig, F. Surface Characteristics of Dental Implants: A Review. Dent. Mater.
2018, 34, 40–57. [CrossRef] [PubMed]

16. Vernon-Parry, K.D. Scanning Electron Microscopy: An Introduction. III-Vs Rev. 2000, 13, 40–44. [CrossRef]
17. Al-Hashedi, A.A.; Laurenti, M.; Benhamou, V.; Tamimi, F. Decontamination of Titanium Implants Using Physical Methods. Clin.

Oral Implant. Res. 2017, 28, 1013–1021. [CrossRef]
18. Alotaibi, M.; Moran, G.; Grufferty, B.; Renvert, S.; Polyzois, I. The Effect of a Decontamination Protocol on Contaminated

Titanium Dental Implant Surfaces with Different Surface Topography in Edentulous Patients. Acta Odontol. Scand. 2019, 77, 66–75.
[CrossRef]

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

20. Furtsev, T.V.; Zeer, G.M. Efficiency of Cleaning the Various Types of Dental Implants’ Surfaces (Tiu-Nite, Sla, Rbm) Using the
Air-Flow Erythritol Method. J. Int. Dent. Med. Res. 2020, 13, 448–452.

21. Keim, D.; Nickles, K.; Dannewitz, B.; Ratka, C.; Eickholz, P.; Petsos, H. In Vitro Efficacy of Three Different Implant Surface
Decontamination Methods in Three Different Defect Configurations. Clin. Oral Implant. Res. 2019, 30, 550–558. [CrossRef]
[PubMed]

22. Matsubara, V.H.; Leong, B.W.; Leong, M.J.L.; Lawrence, Z.; Becker, T.; Quaranta, A. Cleaning Potential of Different Air Abrasive
Powders and Their Impact on Implant Surface Roughness. Clin. Implant. Dent. Relat. Res. 2020, 22, 96–104. [CrossRef] [PubMed]

23. Otsuki, M.; Wada, M.; Yamaguchi, M.; Kawabata, S.; Maeda, Y.; Ikebe, K. Evaluation of Decontamination Methods of Oral
Biofilms Formed on Screw-Shaped, Rough and Machined Surface Implants: An Ex Vivo Study. Int. J. Implant. Dent. 2020, 6, 18.
[CrossRef] [PubMed]

24. Passarelli, P.C.; De Leonardis, M.; Piccirillo, G.B.; Desantis, V.; Papa, R.; Rella, E.; Mastandrea Bonaviri, G.N.; Papi, P.; Pompa,
G.; Pasquantonio, G.; et al. The Effectiveness of Chlorhexidine and Air Polishing System in the Treatment of Candida Albicans
Infected Dental Implants: An Experimental In Vitro Study. Antibiotics 2020, 9, 179. [CrossRef] [PubMed]

25. Sanz-Martín, I.; Paeng, K.; Park, H.; Cha, J.-K.; Jung, U.-W.; Sanz, M. Significance of Implant Design on the Efficacy of Different
Peri-Implantitis Decontamination Protocols. Clin. Oral Investig. 2021, 25, 3589–3597. [CrossRef]

26. AlMoharib, H.S.; Steffensen, B.; Zoukhri, D.; Finkelman, M.; Gyurko, R. Efficacy of an Er:YAG Laser in the Decontamination of
Dental Implant Surfaces: An in Vitro Study. J. Periodontol. 2021, 92, 1613–1621. [CrossRef]

27. Biazussi, B.R.; Perrotti, V.; D’Arcangelo, C.; Elias, C.N.; Bianchini, M.A.; Tumedei, M.; de Vasconcellos, D.K. Evaluation of the
Effect of Air Polishing With Different Abrasive Powders on the Roughness of Implant Abutment Surface: An In Vitro Study. J.
Oral Implantol. 2019, 45, 202–206. [CrossRef]

28. Pranno, N.; Cristalli, M.P.; Mengoni, F.; Sauzullo, I.; Annibali, S.; Polimeni, A.; La Monaca, G. Comparison of the Effects of
Air-Powder Abrasion, Chemical Decontamination, or Their Combination in Open-Flap Surface Decontamination of Implants
Failed for Peri-Implantitis: An Ex Vivo Study. Clin. Oral Investig. 2021, 25, 2667–2676. [CrossRef]

29. Drago, L.; Del Fabbro, M.; Bortolin, M.; Vassena, C.; De Vecchi, E.; Taschieri, S. Biofilm Removal and Antimicrobial Activity of
Two Different Air-Polishing Powders: An In Vitro Study. J. Periodontol. 2014, 85, e363–e369. [CrossRef]

30. Mensi, M.; Cochis, A.; Sordillo, A.; Uberti, F.; Rimondini, L. Biofilm Removal and Bacterial Re-Colonization Inhibition of a Novel
Erythritol/Chlorhexidine Air-Polishing Powder on Titanium Disks. Materials 2020, 11, 1510. [CrossRef]

31. Schneider, S.; Rudolph, M.; Bause, V.; Terfort, A. Electrochemical Removal of Biofilms from Titanium Dental Implant Surfaces.
Bioelectrochemistry 2018, 121, 84–94. [CrossRef] [PubMed]

32. Gianfreda, F.; Punzo, A.; Pistilli, V.; Bollero, P.; Cervino, G.; D’Amico, C.; Cairo, F.; Cicciù, M. Electrolytic Cleaning and
Regenerative Therapy of Peri-Implantitis in the Esthetic Area: A Case Report. Eur. J. Dent. 2022, 16, 950–956. [CrossRef] [PubMed]

33. Schlee, M.; Rathe, F.; Brodbeck, U.; Ratka, C.; Weigl, P.; Zipprich, H. Treatment of Peri-Implantitis—Electrolytic Cleaning Versus
Mechanical and Electrolytic Cleaning—A Randomized Controlled Clinical Trial—Six-Month Results. J. Clin. Med. 2019, 8, 1909.
[CrossRef] [PubMed]

http://doi.org/10.3390/antibiotics9110835
http://doi.org/10.1111/idj.12505
http://doi.org/10.4317/medoral.24622
http://www.ncbi.nlm.nih.gov/pubmed/33772566
http://doi.org/10.3390/jcm8070966
http://www.ncbi.nlm.nih.gov/pubmed/31277265
http://doi.org/10.3390/jcm8091397
http://www.ncbi.nlm.nih.gov/pubmed/31500093
http://doi.org/10.3390/ma15144850
http://www.ncbi.nlm.nih.gov/pubmed/35888317
http://doi.org/10.1016/j.dental.2017.09.007
http://www.ncbi.nlm.nih.gov/pubmed/29029850
http://doi.org/10.1016/S0961-1290(00)80006-X
http://doi.org/10.1111/clr.12914
http://doi.org/10.1080/00016357.2018.1504986
http://doi.org/10.11607/prd.4568
http://doi.org/10.1111/clr.13441
http://www.ncbi.nlm.nih.gov/pubmed/31009116
http://doi.org/10.1111/cid.12875
http://www.ncbi.nlm.nih.gov/pubmed/31837107
http://doi.org/10.1186/s40729-020-00212-y
http://www.ncbi.nlm.nih.gov/pubmed/32318868
http://doi.org/10.3390/antibiotics9040179
http://www.ncbi.nlm.nih.gov/pubmed/32295150
http://doi.org/10.1007/s00784-020-03681-y
http://doi.org/10.1002/JPER.20-0765
http://doi.org/10.1563/aaid-joi-D-18-00156
http://doi.org/10.1007/s00784-020-03578-w
http://doi.org/10.1902/jop.2014.140134
http://doi.org/10.3390/ma11091510
http://doi.org/10.1016/j.bioelechem.2018.01.008
http://www.ncbi.nlm.nih.gov/pubmed/29413867
http://doi.org/10.1055/s-0042-1750773
http://www.ncbi.nlm.nih.gov/pubmed/35785819
http://doi.org/10.3390/jcm8111909
http://www.ncbi.nlm.nih.gov/pubmed/31703404


J. Clin. Med. 2023, 12, 1703 10 of 10

34. Ruan, X.; Luo, J.; Zhang, P.; Howell, K. The Salivary Microbiome Shows a High Prevalence of Core Bacterial Members yet
Variability across Human Populations. NPJ Biofilms Microbiomes 2022, 8, 85. [CrossRef] [PubMed]

35. LaBauve, A.E.; Wargo, M.J. Growth and Laboratory Maintenance of Pseudomonas Aeruginosa. Curr. Protoc. Microbiol. 2012, 25,
6E.1.1–6E.1.8. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1038/s41522-022-00343-7
http://www.ncbi.nlm.nih.gov/pubmed/36266278
http://doi.org/10.1002/9780471729259.mc06e01s25
http://www.ncbi.nlm.nih.gov/pubmed/22549165

	Introduction 
	Materials and Methods 
	Study Design 
	Sample Size Calculation and Allocation of Interventions 
	In Vitro Model of Peri-Implantitis and Surface Contamination with P. aeruginosa 
	Plaque Removal Interventions 
	Biofilm Quantification 
	Scanning Electron Microscopy 
	Statistical Analysis 

	Results 
	Quantitative Analysis of Implant-Adhered Bacteria 
	Qualitative Evaluation of Treated Implants by Scanning Electron Microscopy 

	Discussion 
	Conclusions 
	References

