Evaluation of the three methods of bacterial decontamination
on implants with three different surfaces

Pawet Kubasiewicz-Ross"**°, Matgorzata Fleischer*®<, Artur Pitutaj"*~C, Jakub Hadzik"A°F,
|zabela Nawrot-Hadzik>f, Olga Bortkiewicz>2<, Marzena Dominiak'", Kamil Jurczyszyn'A-CE

1 Department of Oral Surgery, Wroclaw Medical University, Poland
2 Department of Microbiology, Wroclaw Medical University, Poland
3 Department of Biology and Pharmaceutical Botany, Wroclaw Medical University, Poland

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899—5276 (print), ISSN 2451-2680 (online)

Address for correspondence
Pawet Kubasiewicz-Ross
E-mail: pawelkubasiewiczawp.pl

Funding sources
None declared

Conflict of interest
None declared

Received on March 13,2019
Reviewed on March 28, 2019
Accepted on September 25,2019

Published online on February 25, 2020

Citeas

Kubasiewicz-Ross P, Fleischer M, Pitutaj A, et al. Evaluation
of the three methods of bacterial decontamination
onimplants with three different surfaces. Adv Clin Exp Med.
2020;29(2):177-182. d0i:10.17219/acem/112606

Dol
10.17219/acem/112606

Copyright

Copyright by Author(s)

Thisis an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Adv Clin Exp Med. 2020;29(2):177-182

Abstract

Background. The main goal of the treatment of the peri-implantitis is to decontaminate the surface
of the implant, thereby enabling further treatment involving, e.g., quided bone regeneration. Since new
implants of the rougher surface were introduced to the common dental practice, decontamination is even
more difficult.

Objectives. The aim of the study was to evaluate 3 different methods of decontaminating implants with
3 different surfaces.

Material and methods. A total of 30 dental implants with 3 different surface types (machined, sandblasted,
and acid-etched (SLA) and hydroxyapatite (HA)-coated) were used in the study. Each group of implants was
coated with Escherichia colibiofilm and cultivated. Afterwards, the implants were transferred to the jaw model
and treated with a different method: sonic scaler mechanical debridement with a Woodpecker PT5 sonic
scaler (1*! group), and mechanical debridement with sonic scaler and with the combination with chemical
agent Perisolv® (2" group), and with Er:YAG laser treatment (3 group). Each implant was treated with
the specific method and sent for further microbiological evaluation.

Results. The highest level of decontamination was achieved for machined-surface implants and the lowest
for HA-coated implants. The method with the highest biofilm reduction was the scaler and Perisolv® group.
The highest level of decontamination of HA-coated implants were achieved for Er:YAG laser irradiation method.

Conclusions. In the following paper, the superiority of combined chemical-mechanical method of decon-
taminating the surface of the implant on SLA and machined-surface implants was proved. On the contrary,
Er:YAG laser irradiation was reported as the best option for decontamination of the HA-coated implants.
In our opinion, itis a significant finding, revealing that the method of peri-implantitis management should be
considered in accordance to the type of the surface of the implant (customized to the surface of the implant).
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Introduction

With the increasing number of patients treated with den-
tal implants, a corresponding number of post-treatment
complications can be expected. The most common compli-
cation in dental implant therapy is peri-implantitis.! It is de-
fined as an inflammatory reaction that affects the hard
and soft tissue, which results in the loss of supporting bone
and gingival pocket formation surrounding the function-
ing osseointegrated implant.?> This pathological condition
is caused by a polymicrobial aggressive biofilm that colo-
nizes the implant and abutment surface at the peri-implant
crevice level. It is reported that its prevalence can rise up
to 56%.173 Anaerobic Gram-negative organisms are most
commonly found in peri-implantitis-affected sites and in-
clude in among others: Aggregatibacter actinomycetemcomi-
tans, Porphyromonas gingivalis, Peptostreptococcus micros,
Campylobacter rectus, Fusobacterium spp., and Prevotel-
la intermedia, although there are also studies reporting
the role of enteric rods (mostly Escherichia coli and Entero-
bacter cloace) in this pathology, especially at its early stage.**

Because of its complexity, peri-implantitis is still chal-
lenging to treat. Treatment involves decontamination and
guided bone and tissue regeneration techniques. The decon-
tamination process is especially difficult because the meth-
od applied can destroy the fragile surface of the implant.
For this purpose a number of mechanical interventions (e.g.,
abrasive air powder, Teflon and plastic curettes, ultrasonic
devices) and chemical agents (e.g., chlorhexidine, hydrogen
peroxide) solely or in combination have been described
as methods for implant surface decontamination. Although
all mentioned procedures result in compromise, a success-
ful gold standard method has not been yet established.
An acceptable cleaning technique must be able to debride
and detoxify the surface without traumatizing it. Decon-
tamination with a laser, photodynamic therapy (PDT) and
the application of chlorhexidine (CHX) does not seem
to alter the surfaces of the dental implants. However, PDT
can make an adhesive layer on the surface of the treated
implants, which can facilitate new plaque formation.®’
Recent studies have reported that lasers can also be used
in peri-implantitis management. Previously, high-power
CO,, diode and erbium lasers were used frequently, due
to their hemostatic properties, selective calculus ablation
and bactericidal effects. However, high-power lasers can
cause an undesired increase of temperature and have been
recently replaced by Er:YAG laser. Another disadvantage
of lasers is the high cost of equipment.3-1°

Dental implant surface decontamination has become even
more complicated since the introduction of dental implants
with improved osteoconductive properties. Machined-sur-
face implants, which have been used for decades, have been
replaced by implants characterized by a rougher surface.
There are 2 main paths that can be followed in order to im-
prove the osteoconductivity of the titanium implants. These
approaches can be classified into the following 2 techniques:
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metallic implants are coated with the bioactive compounds
that accelerate bone formation or a rough surface is formed
directly on the metallic implants.! Both techniques increase
the roughness of the surface of the implant, making os-
teointegration more favorable. However, as a result, it fa-
cilitates biofilm formation on dental implant surfaces.>3¢
To the best of our knowledge, there are very few studies
that evaluate various decontamination methods on different
surfaces of the implants.

Material and methods

The study was conducted on a total number of 30 dental
implants. Implants were divided into 3 equal groups with
10 implants in each group. All the implants had the same
length and diameter of L1204 mm. The 1 group was ma-
chined-surface (M) implants (SGS Dental Implant System
Holding — Zn, St. Gallen, Switzerland). In the 2"¢ group,
Denium Superline II (Dentium, Seoul, South Korea) sand-
blasted and acid-etched dental implants (SLA) were used.
The 2" group (HA) included the hydroxyapatite (HA)-coated
dental implants (SGS Dental Implant System Holding — Zn).

Bacterial cultivation

Peri-implantitis is caused by Gram-negative and anaero-
bic bacteria and E. coli were used as a model for Gram-
negative bacteria. The reasons we did so is that there are
many studies involving bacterial adhesion and decontami-
nation carried out on dental implants with E. coli as bac-
teria of choice, as well as because it is a readily available
and easily cultivated aerobic microorganism.

Material

The McConkey’s medium (BioMaxima SA, Lublin,
Poland); Sugar broth (BioMaxima SA); Saponin (Sigma-
Aldrich, St. Louis, USA); reference strain: E. coli ATCC
25922.

Conduct of the experiment
Preparation of the inoculums

The E. coli ATCC 25922 strain from McConkey’s medium
was seeded into sugar broth and incubated at 37°C for 24 h.
From the obtained culture in sugar broth, an inoculum with
adensity of 0.5 on the McFarland Scale (MFa) was prepared.

Implants coating

The inoculum prepared in this way, in the amount
of 500 uL, was inoculated with 50 mL of sugar broth. Then,
the implant was aseptically inserted and the whole was
incubated at 37°C for 24 h.
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Preparation of implants for further tests

After this time, the implants were removed from the cul-
ture and rinsed 3 times, in each case, in 10 mL of sterile
saline to remove the plankton forms of the culture, leav-
ing only the biofilm formed by E. coli on the surface. Such
prepared implants were transferred to the Department
of Oral Surgery for further tests.

Model of the jaw

Before the decontamination process, each implant was
placed in peri-implantitis jaw model. The model was made
from acrylonitrile butadiene styrene (ABS) which is a com-
mon thermoplastic polymer. According to the cumulative
interceptive supportive therapy (CIST) protocol,
chanical debridement and surgical operation classification
is needed when the bone loss depth is greater than 5 mm.
Following this standard, 6-millimiter bone loss depth was
defined in our model. The artificial bone defect was cre-
ated by removing of the material with the calibrated tre-
phine drill around the implant side.

me-

Decontamination protocols

Every group of implants was decontaminated with 3 dif-
ferent methods. Before the decontamination process, each
implant was placed in peri-implantitis model. Different
protocols of implant surface decontamination were used
in the study:

— Sonicscaler mechanical debridement with a Woodpecker
PT5 sonic scaler (Woodpecker, Guilin, China) (s). Each im-
plant was treated with a sonic device for 2 min alone (Fig. 1).

— Mechanical debridement with sonic scaler and with
the combination with chemical agent Perisolv® (Regedent
AG, Zurich, Switzerland). Each implant was pre-treated
with Perisolv® application for 30 s, then sonic scaler was
applied for 2 min (s+p) (Fig. 2).

— Er:-YAG laser treatment. Implants were decontami-
nated with Er-YAG (LiteTouch™, Yokneam, Israel) laser
irradiation with a 1.3 x 17 mm tip, working up and down
continuously for 2 min, and the laser beam parameters
were set for 40 m]J, 0.80 W, 20 Hz (Er:YAG) (Fig. 3).

Each implant was treated with the specific method and
sent for further microbiological evaluation. The procedure
for each implant was repeated 3 times and the results were
averaged.

Quantitative evaluation of microorganisms
present in the biofilm on the implants
surface

Biofilm from the surface of the implants was removed
with the use of an aqueous saponin solution. The im-

plants (each separately) were placed in 1 mL of 0.5% sapo-
nin solution and shaken for 1 min (2,500 rpm; Heidolph
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Fig. 1. Sonic scaler mechanical debridement

-

Fig. 2. Application of the Perisolv®

Fig. 3. ErYAG laser irradiation

Reax Control; Heidolph Instruments GmbH & CO. KG,
Schwabach, Germany). The obtained suspension of strains
(saponin solution and bacteria suspended in it, detached
from the surface of the implant) was immediately cultured
on McConkey’s medium. In the inoculation of bacteria,
undiluted suspension was used, and suspension with dilu-
tions from 1:10 to 1:1,000 inoculating volume: 10 L, 20 L,
50 L, and 100 L. In order to obtain maximum separation
of the biofilm, the procedure of its removal was repeated
3 times. Inoculated plates with McConkey’s medium were
incubated at 37°C for 22-24 h.
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Reading the results

After incubation, the colonies grown on the plates were
counted and the results obtained were given as the number
of colony-forming units (CFU) per 1 mL. The percentage
of biofilm reduction R [%] after the tested factor of biofilm
removal acted on was calculated according to the formula:

R = [(Sc = S)/Sc] » 100%,

where S¢ (CFU/mL) — the total number of E. coli cells
detached from the implant coating biofilm without the test
factor acting (number of CFU/mL on the control implant);

S (CFU/mL) — the total number of E. coli cells detached
from the implant coating biofilm, which remain after
the test factor acted.

In addition, to compare and reduce the measurement
error, the degree of biofilm reduction was calculated after
the rejection of extreme values:

R = [(Sc—-S)/Sc] » 100%,

where S’ (CFU/mL) — the total number of E. coli cells
detached from the implant coating biofilm without the test
factor acting (number of CFU/mL on the control implant),
with no maximum or minimum value;

S’ (CFU/mL) — the total number of E. coli cells detached
from the implant coating biofilm, which remain after
the test factor acted, with no maximum or minimum value.

Statistical analysis

Two-way analysis of variance (ANOVA) and Tukey’s post
hoc test were performed. All data is given as means + stan-
dard deviation (SD). A p-value <0.05 was considered sta-
tistically significant. The results were analyzed with STA-
TISTICA v. 13 (StatSoft Poland, Krakéw, Poland).

Results

The highest level of biofilm reduction (R’) for both me-
chanical and combined mechanical and chemical methods
of decontamination was achieved for machined-surface
implants (98.66% +1.19% (for s) and 98.61% +1.39% (for
s+p)) and for SLA implants (96.86% +2.81% (for s) and
95.23% +4.68% (for s+p)) (Fig. 4—6). Taking under consider-
ation all of the methods, there were no statistically impor-
tant differences between decontamination of M and SLA
group of implants, although there were statistically impor-
tant differences between M and HA as well as SLA and HA
groups. Surprisingly, as it can be seen, additional applica-
tion of the chemical agent did not improve decontamina-
tion of machined-surface and SLA implants, although it
significantly improved the decontamination of HA-coated
implants (78.82% +13.69% (for s) while 85.26% +19.65% (for
s+p)). Also, what is worth reporting are the unstable results
in that group of implants (Fig. 6).
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Fig. 4. The results of scaler application on the decontamination
of the implant
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Fig. 5. The results of combined application of scaler and Perisolv
application on the decontamination of the implant
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Fig. 6. The results of ErYAG application on the decontamination
of the implant

However, HA-coated implants demonstrate a level
of biofilm reduction after Er:-YAG irradiation that is bet-
ter than machined-surface implants and lower than SLA
implants (89.99% +21.52% for HA, 87.40% +1.49% for M
and 95.98% +5.45% for SLA). Taking under consideration
the method of decontamination, the best results were
achieved for combined mechanical and chemical (s+p) and
this is the treatment of choice for SLA and M surfaced
implants. The mechanical debridement reveals compa-
rable to laser irradiation results. Laser application is also
the method of treatment for HA implants decontamination.

The intra- and extragroup statistical analysis is shown
in Table 1. The statistically important differences are in bold.
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Table 1. Differences in the percentage of biofilm reduction between applied methods in relation to the implant surface

Biofilm
reduction

M: Scal \H M; Laser
‘ Scal+Perisolv | Er:YAG

HA;
Scaler

<0.05

<0.05

0.159

98.7% g/lc;al 1.000 <0.05 <0.05
98.6% M; A 1,000 <0.05

Scal +Perisolv

M.

@ ;

T Laser ErYAG UL
78.8% IS—|CAa;I <0.05 <0.05 <0.05
85.3% a ) <0.05 <0.05 0992

Scal +Perisolv
90.0% [‘aAS;er ErYAG <0.05 <0.05 0.974 <0.05
96.9% 2';/;; 0.997 0.998 <0.05 <0.05
95.2% gtaAI;+PerisoI\/ 0.876 0.885 <0.05 <0.05
96.0% E;sAér ErYAG 0.968 0.971 <0.05 <0.05

HA;
Scal.+Perisolv

HA; Laser
Er:-YAG

SLA;
Scal+Perisolv

SLA; Laser
Er:-YAG

<0.05 <0.05 0997 0.876 0.968
<0.05 <0.05 0.998 0.885 0971
0.992 0.974 <0.05 <0.05 <0.05

<0.05 <0.05 <0.05 <0.05

<0.05 <0.05 <0.05

0.553 0.238
<0.05 0.999
<0.05 0.998

<0.05 0.238 0.999 0.999

M — machined-surface implants; HA — hydroxyapatite-coated implants; SLA — sandblasted and acid-etched implants. Differences statistically important are

in bold at p < 0.05.

Discussion

The methods used to decontaminate the surface of dental
implants can be divided into 3 main groups. The 1% group
is comprised of the mechanical methods, the 2" group
is comprised of the methods based on application of chem-
ical agent on the implant surface and within the periodon-
tal sulcus, and the 3™ group includes physical methods
(e.g., PDT or laser application). The mechanical debride-
ment is also often an introduction to further therapy and
is even considered as priority method.!3-15

Mechanical debridement was also the first method used
to manage peri-implantitis. The methods imported di-
rectly from the treatment of periodontitis were rather
disappointing and resulted in damage to the fragile im-
plant surface. That was the reason why alternative decon-
tamination methods in dental implantology were sought.
Mengel et al. were one of the first to evaluate several
methods of mechanical debridement and to prove their
safe applicability to fragile implant surface in an in vitro
study.” Blasi et al. provided the evaluation of different
mechanical methods including ultrasonic scalers with
plastic tips, titanium curettes, and airflow with gly-
cine powder and with rubber cup and polishing paste.
The study was conducted on patients suffering from
severe (including CIST criteria) peri-implantitis and/
or mucosistis. They proved no statistically important
difference between all 4 mechanical methods of implant
surface decontamination.'®

Denisson et al. were one of the first to design a study
to evaluate the mechanical and chemical decontamination
method of the dental implants with different surfaces.!”

The dental implants were coated with radioactive endo-
toxin (125I-LPS). In an in vitro study, an air-powder abra-
sive with sodium bicarbonate as well as citric acid solu-
tion (CA), or 0.12% CHX was used as a decontamination
method on 2 different dental implant surfaces (titanium
plasma-sprayed (TPS), HA-coated and machined-surface).
As a result, they found the superiority of chemical meth-
ods. It was also found that machined-surface implants were
decontaminated more effectively than the other surfaces
by all treatments. The only exception for this statement
was citric acid treatment, which was equally effective on
either machined or hydroxyapatite surfaces.

The superiority of the chemical method in comparison
to other methods of dental surface decontamination was
reconfirmed in the study of Marotti et al. In an in vitro
study, SLA implants were contaminated with the saliva col-
lected from patients experiencing peri-implantitis. Several
decontamination methods were applied, including the ap-
plication of 0.12% CHX, GaAlAs laser irradiation (660 nm,
30 mW) for 3 min or 5 min (7.2 ] and 12 J) without and
with methylene blue dyes in PDT. They achieved greater
decontamination in CHX group compared to the laser
group and similar to the PDT group.'®

In other study conducted on SLA implants, the use
of Er:YAG laser irradiation resulted in statistically signifi-
cantly superior biofilm removal compared to the 3 other
treatments (titanium curettes, PDT and curettes with ad-
junctive PDT). The study also proved no statistically im-
portant differences in the reattachment of epithelial cells
(EC), gingival fibroblasts and osteoblast-like cells to tita-
nium SLA surfaces after each method of decontamina-
tion.!? To the best of our knowledge, there are very few
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studies in the field of decontamination which are similar
to our work on different surface implants. One of the men-
tioned studies was carried on SLA, TPS and HA implants.
After Er:-YAG laser irradiation at pulse energies of 60 m]
and 120 m]J and at a frequency of 10 pps led to bacterial
reductions of 99.51% (SA), 98.39% (HA) and 99.6% (TPS)
at a pulse energy of 60 mJ, and 99.92% (SA), 99.85% (HA)
and 99.94% (TPS) at 120 mJ.°

Conclusions

The superiority of combined chemical-mechanical meth-
od of decontaminating the surface of an implant on SLA
and machined-surface implants was proved. On the con-
trary, Er:'YAG laser irradiation was reported as the best
option for decontaminating the HA-coated implants.
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