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Peri-implantitis is an inflammatory reaction affecting both hard and soft tissues surrounding dental implants.
This pathological condition is caused by a polymicrobial aggressive biofilm that colonizes the implant and abut-
ment surface at the peri-implant crevice level. The present in vitro study evaluated different methods of im-
plant surface decontamination and assessed whether the type of the implant surface influences the results.
The study was conducted in an in vitro model of peri-implantitis using 30 implants. The implants were divided
into 3 equal groups based on the surface characteristics: machined-surface, sand-blasted and acid-etched, and
HA-coated. Implants were coated with E. coli biofilm. After an incubation period, they were decontaminated
with 4 different methods: sonic scaler application, sonic scaler application with the chemical agent Perisolv®
combination, Er: YAG laser treatment, and PDT therapy with methylene blue as a photosensitizer.

The highest level of decontamination was achieved for machined-surface implants and for the combined chem-
ical-mechanical and Er: YAG laser treatment.

The results of our study suggest that the method of implant decontamination should be customized to the
type of implant surface.
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Background

Peri-implantitis is an inflammatory process in tissues around
dental implants, gradually leading to loss of supporting bone [1].
The biofilm, which is predominantly made up with gram-nega-
tive bacteria and anaerobes, is highly associated with this con-
dition [2]. The most common microbes present in the biofilm
are Aggregatibacter actinomycetemcomitans, Porphyromonas
gingivalis, Prevotella intermedia, Fusobacterium spp., Tannerella
forsythia, Treponema denticola, and Selenomonas sputigena [3].
Other microorganisms are less commonly involved in periodon-
tal patients, such as Staphylococcus aureus, Staphylococcus
epidermidis, Enterobacter aerogenes, Enterobacter clo-
ace, Escherichia coli, Helicobacter pylori, Parvimonas micra,
Pseudomonas spp., and Candida spp. [4].

There is a direct correlation between the increased use of den-
tal implants and peri-implantitis, which, if not treated, can af-
fect not only the junctional epithelium, but also can spread
to bone marrow.

Due to its complexity, the treatment of peri-implantitis is
challenging and involves many techniques to regenerate the
bone and soft tissue. Regardless of the details, the first and
most important step of every treatment is to decontaminate
the implant surfaces. For this purpose, a number of mechan-
ical interventions (e.g., abrasive air-powder, Teflon and plas-
tic curettes, and ultrasonic devices) and chemical agents (e.g.,
chlorhexidine and hydrogen peroxide) are used, solely, or in
combination. Although all the of these procedures are some-
what successful, none are excellent. Recently, the application
of Er: YAG laser and photodynamic therapy (PDT) was intro-
duced as a possibly better option [5-8].

Since the introduction of dental implants with improved os-
teoconductive surface, the issue of dental implant decontam-
ination has gained complexity. Previously used machined-sur-
face implants were less likely to be coated with bacterial film
and were easier to decontaminate in a dental office with one
of the above-mentioned procedures. However, this issue be-
came more problematic with the introduction of SLA implants,
which have rough surfaces. SLA implants have gained in popu-
larity due to their high level of bone-to-implant contact (BIC),
which results in faster and stronger osteointegration [9]. Apart
from using SLA implants, the other option to improve osteoin-
tegration is coating the titanium implants with Ca: P. Due to
many its disadvantages, the previously used plasma-sprayed
(sprayed HA) implants were replaced by electrochemical de-
position, which creates a microporous structure with an opti-
mal solubility and resorption [10]. Unlike the highly crystalline,
poorly soluble plasma-sprayed HA coatings, the electrochemical
coating technology yields a fine crystalline structure. The pro-
cess eliminates hard particles and flaking of the coating [11].
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The present in vitro study evaluated different methods of bac-
terial biofilm decontamination of dental implants with various
types of surfaces. Peri-implantitis is caused by gram-negative
and anaerobic bacteria. As a model for gram-negative bacte-
ria, Escherichia coli was used, which is a microorganism asso-
ciated with the early stage of peri-implantitis [12].

Material and Methods

Implants

Total of 30 implants were used in this study, which were divid-
ed into 3 equal groups. All implants had the same length and
diameter (L12@4 mm). The first group consisted of machined-
surface (M) implants (SGS Dental Implant System Holding -Zn
St. Gallen, Switzerland), with an average surface roughness
(Ra) of 0.4 um (machined group). In the second group (group
SLA), Dentium Superline Il (Dentium, Korea) SLA was used (Ra
1.35 um). The third group (group HA) was HA-coated dental
implants (SGS Dental Implant System Holding — Zn St. Gallen,
Switzerland) (Ra 1.3 pm).

Bacterial species choice and cultivation

We used MacConkey’s medium (BioMaxima/Biocorp), sugar
broth (BioMaxima/Biocorp), saponin (SIGMA), and E. coli ref-
erence strain ATCC 25922.

Conduct of the experiment
Preparation of the inoculums

The E. coli ATCC 25922 strain from MacConkey medium was
seeded into sugar broth and incubated at 37°C for 24 h. From
this culture, an inoculum was prepared, with a density of 0.5
on the MacFarland scale (MFa)

Implants coating

We inoculated 500 pl of inoculums with 50 mL of sugar broth.
Then, the implant was aseptically inserted and the whole was
incubated at 37°C for 24 h.

Preparation of implants for further tests

After incubation, the implants were removed from the culture
and rinsed 3 times in 10 mL of sterile saline to remove the
plankton forms of the culture, leaving only the biofilm formed
by E. coli on the surface. These prepared implants were trans-
ferred for further tests.
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Figure 1. Solely mechanical biofilm removal using a Woodpecker
PT5 sonic scaler (Woodpecker, China), working
continuously for 2 min with parameters of water
pressure 0.5 MPa, tip vibration frequency 28 kHz, and
output power 20 W.

Model of the jaw

The peri-implantitis model of the jaw was created from
Acrylonitrile butadiene styrene (ABS). Following the CIST
(Cumulative Interceptive Supportive Therapy) guidelines, we
chose a 6-mm bone loss defect model as representative of ad-
vanced-stage peri-implantitis. The artificial deficiency imitat-
ing bone defect was created by removing the material with a
calibrated trephine drill around the implant side. Before de-
contamination, each implant was placed in the peri-implan-
titis jaw model.

Decontamination protocols

All groups of implants were decontaminated with 4 differ-
ent methods. The following decontamination protocols were
used in the study:

1. Solely mechanical biofilm removal by the use of a Woodpecker
PT5 sonic scaler (Woodpecker, China) (s). Each implant was
treated with a sonic device for 2 min alone with set param-
eters of water pressure 0.5 MPa, tip vibration frequency
28 kHz, and output power 20W.

2. Mechanical debridement with sonic scaler and combination
of chemical agent Perisolv® (Regedent AG, Switzerland). Each
implant was pre-treated with Perisolv® application, making
sure that the entire surface was covered and left in situ for
30 s, then the sonic scaler was applied for 2 min with set pa-
rameters of water pressure 0.5 MPa, tip vibration frequen-
cy 28 kHz, and output power 20W (s+p) (Figure 1).
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Figure 2. Er: YAG (LiteTouch™, Israel) laser irradiation with the
tip 1.3x17 mm, working up and down continuously
for 2 min, and the laser beam parameters were set for
40 mJ, 0.80 W, and 20 Hz.

Figure 3. One milliliter of photosensitizer consisted of 3,7-bis
(dimethyl-amino) phenazathionium chloride trihydrate
(methylene blue) at the concentration of 0.005% (w/v)
was added. PDT (PeriowaveTM, Vancouver, BC, Canada
[k 660-675 nm, 11 mW]) was used.

3. Er: YAG laser treatment. Implants were decontaminated
with Er-YAG (LiteTouch™, Israel) laser irradiation with the tip
1.3x17 mm, working up and down continuously for 2 min,
with laser beam parameters set for 40 mJ, 0.80 W, and 20 Hz
(Er: YAG) (Figure 2).

4. PDT (PeriowaveTM, Vancouver, BC, Canada [k 660-675 nm,
11 mW]) was used.

One milliliter of photosensitizer consisted of 3,7-bis (dimeth-
yl-amino) phenazathionium chloride trihydrate (methylene
blue) at the concentration of 0.005% (w/v) was added to each
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implant, making sure that the entire surface was covered and
left in situ for 60 s prior to irradiation. An even light was emit-
ted from the tip of the pulsed diode soft laser (PeriowaveTM,
Vancouver, BC, Canada) at a fixed distance of 10 cm from the
implant. Static irradiation (25 mW/cm?) for the entire implant
was completed in 60 s. Afterwards, the implant was rinsed
with 0.9% NaCl (Figure 3).

Each implant was treated with the specific method and sent
for further microbiological evaluation.

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

To remove the biofilm from the implant surfaces, a watery
saponin solution was used. Each implant was placed sepa-
rately in 1 mL of 0.5% saponin solution and shaken for 1 min
(2500 rpm; vortex: Heidolph Reax Control). The obtained sus-
pension of strains (saponin solution and bacteria suspended
in it, detached from the implants) was immediately cultured
on MacConkey’s medium. In the inoculation of bacteria, undi-
luted suspension was used and suspension with dilutions from
1: 10 to 1: 1000 inoculating volume: 10 L, 20 L, 50 L, and 100 L.
To obtain maximum separation of the biofilm, the procedure
was repeated 3 times.

Inoculated plates with MacConkey medium were incubated
at 37°C for 22-24 h.

Reading the results

After incubation, the colonies grown on the plates were count-
ed and the results obtained were given as the number of CFU
(colony-forming units) per 1 mL.

The following formula was used to calculate the percentage
of biofilm reduction R [%]:

R=[(SC-5)/5.]x100%

S, (CFU/mL] - a 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) — a total number of E. coli cells detached from
the implant coating biofilm, which remains after the test fac-
tor acted.

In addition, to compare and reduce the measurement error,
the degree of biofilm reduction was calculated after the rejec-

tion of extreme values:

R'=[(S'~S")/S’ ]x100%
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S’ (CFU/ml] - a total number of E. coli cells detached from the
implant coating biofilm without the test factor acting (num-
ber of CFU/ml on the control implant), with no maximum or
minimum value.

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

Statistical analysis
The Shapiro-Wilk test was used to assess normality of distri-
bution. Then, the results were tested with Tukey’s HSD test

to check the differences between methods of treatment and
among and between groups of implants.

Results

Machined-surface implants and SLA implants achieved the
highest level of decontamination, with an efficacy level of
over 96.25% (R) and 95.80% (R’) average among this group
for M and 93.19% and 92.21%, respectively, for SLA, without
any statistically significant differences. The most difficult type
of implant surface to decontaminate was the HA-coated im-
plant (81.87% and 81.06%) of averaged decontamination lev-
el with statistically significant differences from other groups
(Tables 1-4). Laser irradiation was to be 95.23% (R) and 94.83%
(R’) with the statistically significant differences from group PDT
but not from other groups (Tables 5, 6). Only for SLA implants
the decontamination with scaler and Perisolv® application had
comparable effectivity to laser irradiation (without statistically
significant differences between groups). In 2 other groups the
laser irradiation was superior to other methods of treatment.
In fact, in HA-coated implants laser irradiation was the only
method of decontamination that achieved higher than 90%
level. Surprisingly, the poorest results of decontamination were
generally achieved with PDT treatment, with the statistically
significant differences vs. S+P and Er: YAG. The additional ap-
plication of Perisolv® generally improved the effectivity of the
scaler, and in machined-surface implants both mechanical and
combined mechanical and chemical treatment had compara-
bly high results (Table 6).

Discussion

Historically, first methods used to decontaminate dental im-
plants and manage peri-implantitis were simply imported
from general dentistry and periodontology. However, the suc-
cess was limited and the methods used damaged the frag-
ile implant surface [13], which stimulated further research.
Schwarz was one of the first to compare the effectiveness of

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€920513-4




Kubasiewicz-Ross P. et al.:
Decontamination of dental implants: An in vitro study
© Med Sci Monit, 2020; 26: €920513

Table 1. Results of decontamination in group M.

R’[%] R[%]

Method of
decontamination

Average

LAB/IN VITRO RESEARCH

R’[%] R[%] R’[%]

Er: YAG Er: YAG

Table 2. Results of decontamination in group SLA.

R’[%] R[%]

Method of
decontamination

Average

R’[%] R’[%]

an Er: YAG laser vs. mechanical debridement with plastic cu-
rettes and antiseptic therapy with 0.2% chlorhexidine on 20
patients with moderate-to-advanced peri-implantitis. The effect
of Er: YAG laser in reducing the bleeding on probing index was
reported to be statistically significant [14]. The superiority of
Er laser application in calculus removal, when compared with
citric acid application, was also reported in an in vitro study
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on contaminated failed blasted implants [15]. Denisson et al.
were one of the first groups to compare chemical and me-
chanical protocols for dental implant decontamination, per-
forming an in vitro study using an air-powder abrasive with
sodium bicarbonate as well as a citric acid solution, and 0.12%
chlorhexidine used as a decontamination method on 3 differ-
ent dental implant surfaces (TPS, HA-coated, and machined).
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Table 3. Results of decontamination in group HA.

R'[%] RI%] R'[%] RI%] RY%]

Method of

B Er: YAG Er: YAG
decontamination

Average 86.21 85.26 79.20 78.82 71.76 70.12 90.34 90.04

Table 4. Tukey’s HSD test. Differences between surfaces. Statistically significant differences are highlighted in bold font.

M 0.00002 0.20822
HA 0.00002 0.00002
SLA 0.20822 0.00002

Table 5. Tukey’s HSD test. Differences between methods of decontaminations. Statistically significant differences are highlighted in

bold font.

Method 1 2 3 4 5 (3 7 8
S+P R 1.000 0.957 0.950 0.002 0.001 0.998 0.999
SR 1000 0965 0959 0002 0001 0997 0999
sk 0957 0% 100 0076 0024 o065 0751
sk 0950 0957 1000 0083 0026 0635 0732
PTR 0002 0002 0076 o083 0999 0001 0001
CeoTR 0001 0001 0024 0026 0999 0001 0001
CEnvAGR 0998 0997 0656 0635 0001 o001 1000
CEnvAGR 0999 0999 o751 0732 0001 o001 1000

They found a prevalence of chemical methods. Similar to our decontamination. The study was conducted on SLA implants
study, the machined implants were found to be decontami- and the decontamination protocol included CO, laser irradia-
nated more effectively in comparison to the other surfaces tion with different parameters. They found the highest decon-
by every kind of treatment [16]. A study by Ferreira et al. was tamination level (85.5%) when continuous wave (CW) at 2.5 W
one of the first that used E. coli as a model for implant surface was applied vs. super-pulsed waves (SPW) at 2 W at 100-Hz
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Table 6. Tukey’s HSD test among all groups and decontamination methods. Statistically significant differences are highlighted in bold

font.

Surface Method 1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1.000 1.000 1.000 0.888 0.756 1.000 1.000 0.566 0.408 0.008 0.006 0.001 0.001 0.987 0.980 1.000 1.000 0.999 0.999 0.787 0.714 1.000 1.000

SLA Er: YAG R

1.000 1.000 1.000 1.000 0.996 0.978 1.000 1.000 0.918 0.821 0.062 0.047 0.001 0.001 0.999 0.999 1.000 1.000 1.000 1.000 0.983 0.969 1.000

SLA Er: Yag R” 1.000 1.000 1.000 1.000 0.997 0.983 1.000 1.000 0.933 0.847 0.071 0.055 0.001 0.001 0.999 0.999 1.000 1.000 1.000 1.000 0.988 0.976 1.000

frequency (51.7%). However, SEM assessment showed crater-
like wear damage and accretions to the implant surfaces that
increased progressively along with the power used [17]. Thus,
attention was focused on finding an alternative laser method of
implants decontamination that would not damage the fragile
implant surface. Shin et al. proved the safety of Er: YAG laser
applications for that purpose, as no changes were observed in
HA-coated implants or fluoride-modified TiO,-blasted implants
after irradiation at an intensity of 100 mJ/pulse and 10 Hz for
1 min. Consequently, although there were minor surface al-
terations, including surface flattening and microfractures, no
statistically significant differences were found between test-
ed and control implants in general roughness after irradia-
tion [18]. Furthermore, Saffarpour et al. proved that use of
Er: YAG laser irradiation and PDT at 630 nm light-emitting di-
ode and toluidine blue O as photosensitizer did not alter the
surfaces of sand-blasted, large-grit, acid-etched implants [6].
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Al-Hashedi et al. reported the superiority of physical methods
to eliminate organic contaminants and bacteria vs. Er: YAG la-
ser. Alternatively, Er: YAG laser-treated surfaces showed the
lowest live-to-dead bacterial ratio [19]. On the contrary, Eick
et al. reported significantly higher decontamination of the bac-
terial biofilm on titanium disks with Er: YAG laser application
than with any other method, including combine curates and
PDT application [20]. A different approach to implant’s surface
decontamination is to modify it to achieve a surface with high-
er microbiocidal properties. One possible method is the depo-
sition of silver nanoparticles. Godoy-Gallardo et al. evaluated
silver-doped titanium implant surfaces prepared with an elec-
trochemical anodizing process, reporting significant reduction
of bacterial adhesion, reaching up to 98% in the group with the
highest silver concentration vs. a titanium control group [21].

[Chemical Abstracts/CAS]
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Conclusions

We demonstrated the superiority of Er: YAG laser treatment
and combined chemical-mechanical method of implant’s sur-
face decontamination on SLA and machined-surface implants.
Er: YAG laser irradiation was found to be the best option for
decontamination of HA-coated implants. The results of the
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