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Abstract: Porphyromonas gingivalis infection is one of the causes of implant failures, which can
lead to peri-implantitis. Implant surface roughness is reportedly related strongly to P. gingivalis
adhesion, which can lead to peri-implantitis and, later, cell adhesion. Our aim was to evaluate the
effects of Er,Cr:YSGG laser on titanium (Ti) disc surfaces and its interaction with bacterial adhesion
and fibroblast viability. Ti discs underwent two treatments: autoclaving (control) and erbium,
chromium-doped yttrium scandium gallium garnet (Er,Cr:YSGG) laser treatment (test). Ti disc
surfaces were examined with scanning electronic microscope (SEM), Energy-dispersive spectrometry
(EDX), X-ray photoelectron spectroscopy (XPS). The surface roughness same as wettability were also
investigated. Fibroblast viability was assessed with the water-soluble tetrazolium 1 (WST-1) test,
and osteoblast differentiation was assessed with the alkaline phosphatase (ALP) assay. Bacterial
structure and colony formation were detected with scanning electron microscopy and Gram stain.
In comparison to control discs, the test discs showed smoother surfaces, with 0.25-µm decrease in
surface roughness (p < 0.05); lower P. gingivalis adhesion (p < 0.01); less P. gingivalis colonization
(p < 0.05); and increased fibroblast viability and osteoblast differentiation (p < 0.05). Er,Cr:YSGG laser
treatment improved disc surfaces by making them slightly smoother, which reduced P. gingivalis
adhesion and increased fibroblast viability and osteoblast differentiation. Er,Cr:YSGG laser treatment
can be considered a good option for managing peri-implantitis. Further investigations of laser-assisted
therapy are necessary for better guidelines in the treatment of peri-implantitis.

Keywords: laser treatment; Er,Cr:YSGG laser; Ti discs; dental implant

1. Introduction

Dental implants represent a breakthrough in dentistry [1–3]. Annually, 12 to 18 million dental
implants are estimated to be sold on a global scale [4,5]. The increasing use of dental implants
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and the longer follow-up periods have shown an increased incidence of peri-implant mucositis and
peri-implantitis, diseases that have become targets of prevention and treatment in daily dental practice.
Titanium (Ti) has been considered the suitable material for dental implants because of its osseointegration
capabilities and relatively innocuous relationship with the surrounding soft tissues [6,7]. Sometimes
accumulation of dental plaque after dental implantation causes complications, such as infections,
peri-implant mucositis, and peri-implantitis [8–10]. According to the 2017 World Workshop of the
American Academy of Periodontology and European Federation of Periodontology, peri-implant
mucositis is an inflammatory lesion of the peri-implant mucosa in the absence of continuing marginal
bone loss. Peri-implant mucositis is caused primarily by a disruption of host–microbe homeostasis
at the implant–mucosa interface and is a reversible condition [11]. This lesion can transform into
peri-implantitis, which in the 2017 World Workshop was defined as a pathological condition occurring
in tissues around dental implants, characterized by inflammation in the peri-implant connective tissue
and by progressive loss of supporting bone [12].

A major cause of peri-implantitis is microorganism accumulation in form of biofilm, which,
depending on its composition and other host factors, can induce the inflammation and damage
of the oral tissues, as described by the 2017 World Workshop [13–15]. An increasing number of
anaerobic plaque bacteria cause an adverse effect on peri-implant tissue health; bacteria proliferation
in biofilms adhering to the implant surfaces can lead to peri-implantitis [16–19]. The overall increased
frequency of peri-implantitis suggests that bacteria—mainly Porphyromonas gingivalis, Fusobacterium
spp., and Prevotella intermedia [20,21]—play a role in causing damage to oral tissues [22,23]. Patients
with peri-implantitis show different levels of bone loss around the implant; the most severe bone
loss eventually results in implant loss. Bacterial infection has a major role in dental implant failure.
Therefore, to date, effective inhibition and minimization of bacterial growth within dental biofilm on
implant surfaces has been a priority [24].

To understand how to reduce the incidence of peri-implantitis, many studies have focused on
infection reduction methods, including prevention of pathogen accumulation during plaque and
calculus formation [25–27]. Few reports on implant surface treatments have shown that metal curettes
and conventional ultrasonic scalers have caused less damage to the surface [28–31], but elimination
of plaque and calculus has remained incomplete when dental implants have rough surfaces [28,32].
The use of lasers has been more effective than conventional approaches because of better removal of
biofilm and the bacteria within it, in combination with other advantages [26]. Erbium, chromium-doped
yttrium, scandium, gallium, and garnet (Er,Cr:YSGG) lasers are used on hard tissue during clinical
dental surgery [33]. In general practice, it is used on soft tissue lesions, tooth structure, and bone
because Er,Cr:YSGG is well-absorbed by collagen, hydroxyapatite, and water components. Because of
these properties, the Er,Cr:YSGG laser has been applied in patients with peri-implant mucositis and
peri-implantitis and has produced good soft tissue benefits and less postoperative pain and swelling
than have conventional approaches [34,35]. During the initial bacterial infection process, biofilm on
the implant surface helps bacteria form colonies, which can be disrupted and eliminated by lasers [36].
For those reasons, we aimed to evaluate the effects of Er,Cr:YSGG laser on Ti disc surfaces and on
bacteria adhesion and colony formation, along with fibroblast viability and osteoblast differentiation.

2. Materials and Methods

To examine Er,Cr:YSGG laser effects on Ti disc surfaces, P. gingivalis adhesion, and fibroblasts,
we induced colony formation on grade II 10 × 1 mm Ti alloy discs with smooth surfaces
(BioTech One, Inc., Taipei, Taiwan). The discs were divided into two groups: control discs and
Er,Cr:YSGG laser–treated discs.
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2.1. Titanium Disc Preparation

Before the tests, Ti discs were ultrasonically cleaned in a detergent solution for 15 min, followed
by rinsing with pure distilled water (Milli-Q; Millipore, Bedford, MA, USA) for 15 min. Then all
discs were ultrasonically cleaned with acetone (product no. 650501; Sigma Aldrich Corp., St. Louis,
MO, USA) for 15 min and were subsequently rinsed twice for 15 min each with pure distilled water.
After the cleaning, Ti discs were sterilized by autoclaving at 121 ◦C for 20 min and dried at 40 ◦C in a
conventional oven. The discs were then either autoclaved alone (control group) or autoclaved and
then treated with Er,Cr:YSGG laser (test group).

2.2. Er,Cr:YSGG Laser Treatment

Samples were fixed by silicones (Aquasil Soft Putty; Dentsply Sirona, York, PA, USA) on a
plate and exposed to the laser (LiteTouch Dental Laser; Syneron Dental Lasers, Yokneam Illit, Israel).
In this study, we used a laser length of 2780 nm at 1.50 W, 20 Hz, with 11% distilled water and 7% air.
The laser tip moved in a zigzag pattern at a distance of 2 mm from the disc, during 30 s of radiation
treatment on the Ti disc surfaces.

2.3. Scanning Electron Microscopy

To investigate Ti disc structure, the discs were sputter coated with gold nanoparticles. Specimens
were photographed and analyzed in a fully computerized, high-resolution scanning electron microscope
(SEM) with 20-kV power (SU3500; Hitachi Ltd., Kyoto, Japan). Five random digital images were taken
of each control disc and each laser–treated disc at 500 times magnification.

2.4. Energy-Dispersive Spectrometry

Ti disc surfaces were analyzed by energy-dispersive spectrometry (EX-250; HORIBA, Kyoto,
Japan) with an electron beam covering a 70-µm spectrum and an accelerating voltage of 15 kV to derive
the surface elemental composition of the surfaces of control and Er,Cr:YSGG laser–treated discs.

2.5. X-ray Photoelectron Spectroscopy

We used X-ray photoelectron spectroscopy (ESCA system; VG Scientific, West Sussex, UK) with a
1486.6-eV monochromatic X-ray source for elemental and chemical analyses of treated surfaces. Spectra
were collected at an electron takeoff angle normal to the disc surfaces.

2.6. Examination of Surface Wettability by Contact Angle

The contact angle was measured with the sessile drop method and a plane goniometer (Digidrop
Goniometer; GBX, Romans sur Isère, France). A 4-µL droplet of distilled water (filtered, 20 ◦C; Milli-Q,
Millipore) was applied to the surface of each disc, and wettability was measured [37].

2.7. Examination of Surface Roughness

To characterize the topography of the Ti discs before and after Er,Cr:YSGG laser treatment,
the profile roughness parameter, a measure of mean surface roughness on control and Er,Cr:YSGG
laser–treated discs, was evaluated with a profilometer (TR200; An-Bomb Instrument Co., Ltd.,
Tainan, Taiwan).

2.8. Fibroblast Cell Culture

Green fluorescent protein labeled NIH/3T3 fibroblasts (CRL-1658; LGC Standards, Teddington, UK)
were seeded at a density of 1.5 × 105 cells/cm2 in plastic tissue culture dishes (Falcon; Becton Dickinson,
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NJ, USA), containing Dulbecco’s modified Eagle’s medium (Sigma Aldrich), supplemented with 10%
fetal bovine serum (Gibco BRL, Rockville, MD, USA) and antibiotics (penicillin/streptomycin; Gibco
BRL) in a fully humidified atmosphere consisting of 95% room air and 5% CO2 at 37 ◦C [38,39].

2.9. Cell Cytotoxicity

For fibroblast cytotoxicity assessment, the cells (1.5 × 104 cells/disc) were seeded onto control and
Er,Cr:YSGG laser treated disc surfaces in 12-well plates (Falcon) and incubated for 1, 3, and 5 days.
After washing with phosphate buffered solution, 10 µL of water-soluble tetrazolium 1 (WST-1) reagent
(WST-1 Kit; Roche Applied Science, Mannheim, Germany) was added to each well, and the wells were
incubated for 4 h at 37 ◦C in an atmosphere of 95% room air and 5% CO2. Next, samples were placed in
96-well plates and shaken for 1 min to mix the contents. Subsequently, the absorbance of the samples
was measured with a microplate reader at the optical density of 450 nm with a reference wavelength of
650 nm [40].

2.10. ALP Activity

Alkaline phosphatase (ALP) activity was measured after cells (1.5 × 104 cells/disc) were seeded
onto control and Er,Cr:YSGG laser–treated disc surfaces in 12-well plates (Falcon) and incubated for 1, 3,
and 5 days. We used highly sensitive, simple, direct and high-throughput screening ready colorimetric
assay designed to measure ALP activity (Alkaline Phosphatase Activity Colorimetric Assay Kit, catalog
no. 412-500; BioVision Inc., Milpitas, CA, USA). The absorbance of the samples was measured with a
microplate reader at the optical density of 405 nm with a reference wavelength of 650 nm.

2.11. Porphyromonas Gingivalis Adhesion

Standard reference strain P. gingivalis ATCC 33277 was selected for this study (Microbiologics
Ltd., St. Cloud, MN, USA). Bacteria was cultured in ATCC Medium: 260 Tryptic Soy Agar/Broth for
72 h under anaerobic conditions (10% H2, 10% CO2, and 80% N2 at 37 ◦C). Subsequently, this medium
was used to dilute the bacterial concentration to 106 colony-forming units (CFUs)/mL of broth. Control
and Er,Cr:YSGG laser treated discs previously placed individually in 12-well plates were completely
immersed in 3 mL of the medium and maintained in a shaker incubator at 60 ◦C and 75 rpm from 1
to 5 days. For each analyzed Ti disc, we inspected the maximum absorbance by scanning with a
spectrophotometer (GENESY 10S Series Spectrophotometer; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) at an optical density of 660 nm.

2.12. Statistical Analysis

All experimental values are presented as means ± standard deviation of at least three independent
recordings. Data were analyzed with SPSS software (IBM Corp., Armonk, NY, USA) and Excel
(Microsoft, Inc., Redmond, WA, USA).

3. Results

3.1. Er,Cr:YSGG Laser Treated Ti Discs Surface Characterization by SEM Image

All disc surfaces had a predominantly circular pattern. The Er,Cr:YSGG laser treated Ti discs had
slightly less roughness than did the autoclaved control discs (Figure 1).
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Figure 1. Scanning electron microscopic images of titanium disc surfaces. (A) A typical control 
(autoclaved) disc. (B) A typical test disc treated with erbium, chromium-doped yttrium, scandium, 
gallium, and garnet (Er,Cr:YSGG) laser. (magnification 500×). 
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Ti element was found in both control and Er,Cr:YSGG laser–treated Ti discs in almost the same 
weight percentages, which were not statistically significant different. Control discs had 94.60 Ti wt%, 
4.20 oxygen wt%, and 1.10 carbon wt%; while Er,Cr:YSGG laser–treated Ti discs had 96.90 Ti wt% 
and 3.10 carbon wt% (Figure 2). 

 
Figure 2. Titanium (Ti) weight percentage on control discs and on test discs before and after erbium, 
chromium-doped yttrium, scandium, gallium, and garnet (Er,Cr:YSGG) laser treatment. (A) Control 
discs. (B) Er,Cr:YSGG laser–treated discs. 

3.3. X-ray Photoelectron Spectroscopy Examination of Surface Elements 

The chemical constituents of the surface of the Ti discs were analyzed by X-ray photoelectron 
spectroscopy, which revealed that the carbon (C1s) values were similar for control and Er,Cr:YSGG 
laser–treated Ti discs (52.4% and 51.2%, respectively); the oxygen (O1s) values were 35.2% for control 
discs and 34.7% for Er,Cr:YSGG laser–treated Ti discs; and the titanium (Ti2p) values were 6.9% for 
control discs and 7.3% for Er,Cr:YSGG laser–treated Ti discs. Thus, the control discs and test discs 
had approximately the same percentages of elements in their surface structures. 

Figure 1. Scanning electron microscopic images of titanium disc surfaces. (A) A typical control
(autoclaved) disc. (B) A typical test disc treated with erbium, chromium-doped yttrium, scandium,
gallium, and garnet (Er,Cr:YSGG) laser. (magnification 500×).

3.2. Energy-Dispersive Spectrometry

Ti element was found in both control and Er,Cr:YSGG laser–treated Ti discs in almost the same
weight percentages, which were not statistically significant different. Control discs had 94.60 Ti wt%,
4.20 oxygen wt%, and 1.10 carbon wt%; while Er,Cr:YSGG laser–treated Ti discs had 96.90 Ti wt% and
3.10 carbon wt% (Figure 2).
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Figure 2. Titanium (Ti) weight percentage on control discs and on test discs before and after erbium,
chromium-doped yttrium, scandium, gallium, and garnet (Er,Cr:YSGG) laser treatment. (A) Control
discs. (B) Er,Cr:YSGG laser–treated discs.

3.3. X-ray Photoelectron Spectroscopy Examination of Surface Elements

The chemical constituents of the surface of the Ti discs were analyzed by X-ray photoelectron
spectroscopy, which revealed that the carbon (C1s) values were similar for control and Er,Cr:YSGG
laser–treated Ti discs (52.4% and 51.2%, respectively); the oxygen (O1s) values were 35.2% for control
discs and 34.7% for Er,Cr:YSGG laser–treated Ti discs; and the titanium (Ti2p) values were 6.9% for
control discs and 7.3% for Er,Cr:YSGG laser–treated Ti discs in Figure 3. Thus, the control discs and
test discs had approximately the same percentages of elements in their surface structures.
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Figure 3. X-ray photoelectron spectra spectrum, showing the atomic ratio of the control (Ctrl)
autoclaved discs and the Er,Cr:YSGG: erbium, chromium-doped yttrium, scandium, gallium, and
garnet laser–treated (test) discs.

3.4. Wettability of Titanium Disc Surface

Surface wettability was analyzed via a contact angle measurement (Figure 4). The average contact
angles in Er,Cr:YSGG laser–treated Ti discs (50.93 ± 19.74 degrees) were smaller than those in control
Ti discs (58.23 ± 9.56 degrees), which indicates that Er,Cr:YSGG laser–treated surfaces had superior
hydrophilicity with high surface wettability.
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Figure 4. Measurement of contact angle on treated implant surface. Analysis indicated surface
wettability of the erbium, chromium-doped yttrium, scandium, gallium, and garnet (Er,Cr:YSGG)
laser–treated titanium (Ti) discs was better than that of the control (Ctrl) samples.

3.5. Roughness of Titanium Disc Surface

Quantitative analysis of surface roughness indicated that changes in the profile roughness
parameter were significantly different in the two disc groups (Figure 5). Values of control Ti discs were
0.167 ± 0.004 µm, and those of Er,Cr:YSGG laser–treated Ti discs were 0.142 ± 0.005 µm (p < 0.05).
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Figure 5. Effects on the surface roughness of control (Ctrl) titanium (Ti) discs and of test Ti discs treated
with erbium, chromium-doped yttrium, scandium, gallium, and garnet (Er,Cr:YSGG) laser. Test discs
showed slightly reduced roughness after Er,Cr:YSGG laser treatment in comparison with control discs.
* p < 0.05.

Er,Cr:YSGG laser–treated disc surfaces: increased fibroblast viability and osteoblastic differentiation.
Cell cytotoxicity assay results (Figure 6) showed a clear trend of greater fibroblast proliferation

on Er,Cr:YSGG laser–treated Ti discs (optical density values of 0.46 ± 0.015 on day 1, 0.5 ± 0.016 on
day 3, and 0.56 ± 0.017 on day 5) than did control discs, on which fibroblasts had lower viability
(optical density values of 0.46 ± 0.015 on day 1, 0.5 ± 0.016 on day 3, and 0.56 ± 0.017 on day 5 days;
all Ps < 0.05). In addition, the viability of fibroblasts on Er,Cr:YSGG laser–treated Ti discs increased
from day 1 to day 5, whereas that of fibroblasts cultivated on control discs was similar on all days
(Figure 6).
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Figure 6. Effects of erbium, chromium-doped yttrium, scandium, gallium, and garnet (Er,Cr:YSGG)
laser–treated Ti discs on NIH/3t3 fibroblast cell viability, according to MTT assay. Cells were incubated
from day 1 to 5. Statistically significant differences were found on all days. * p < 0.05.

Er,Cr:YSGG laser treatment on disc surfaces influenced fibroblasts osteoblastic differentiation,
which we assessed by measuring ALP activity. As shown in Figure 7, there was a higher increase in
ALP expression in cells cultured on Er,Cr:YSGG laser–treated discs on days 1, 3, and 5 (optical densities
of 3.83 ± 0.008, 3.86 ± 0.009, and 3.89 ± 0.017, respectively). The fibroblasts cultured on control discs
showed optical densities of 3.81 ± 0.012 on day 1, 3.83 ± 0.012 on day 3, and 3.87 ± 0.014 on day 5;
they also had less osteoblastic differentiation than did fibroblasts on Er,Cr:YSGG laser treated discs
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(p < 0.05). These results strongly suggest that Ti disc surfaces directly stimulated the osteoblastic
differentiation of NIH/3T3 fibroblasts cells in Vitro.
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3.6. Porphyromonas Gingivalis Adhesion and Colony Formation On Titanium Discs after Er,Cr:YSGG
Laser Treatment

P. gingivalis adhesion measured at an optical density of 660 nm indicated that Er,Cr:YSGG
laser–treated discs had bacteria adhesion rates of 9.11% ± 2.32% on day 1, 39.59% ± 0.33% on day
2, 51.35% ± 2.34% on day 3, 60.46% ± 1.69% on day 4, and 60.79% ± 3.98% on day 5. Control discs
had bacteria adhesion rates of 11.16% ± 1.69% on day 1, 40.75% ± 4.36% on day 2, 61.62% ± 3.33% on
day 3, 67.25% ± 2.98% on day 4, and 67.25% ± 2.98% on day 5. These results show that P. gingivalis
adhesion was slightly lower on Er,Cr:YSGG laser–treated discs than on control discs; the differences
were statistically significant on days 1, 3, and 5 (Figure 8). During the 5-day test, the correlation between
surface roughness of Er,Cr:YSGG laser–treated discs and bacteria adhesion decreased gradually in
a time-dependent manner (Figure 9A). Thus Er,Cr:YSGG laser treatment was associated with lower
P. gingivalis adhesion.
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Figure 8. Adhesion of Porphyromonas gingivalis on titanium (Ti) discs. At each time point, the discs
treated with erbium, chromium-doped yttrium, scandium, gallium, and garnet (Er,Cr:YSGG) laser
demonstrated lower bacteria adhesions than did control (Ctrl) discs. * p < 0.05, ** p < 0.01.
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Figure 9. R correlation between erbium, chromium-doped yttrium, scandium, gallium, and garnet
(Er,Cr:YSGG) laser treatment effectively reducing bacteria adhesion (A) and colony formation (B) on
titanium (Ti) discs.

Scanning electron microscopic (SEM) analysis on Ti discs were done to determine the extent of
bacteria colony formation from days 1 to 5. Figure 10 depicts qualitative views, in which Er,Cr:YSGG
laser–treated Ti discs demonstrated moderately fewer bacterial colonies than did the control discs.
During 5 days of observation, the quantified data showed a remarkable increase in P. gingivalis
accumulation after 2 dpi (Figure 11). Control discs had 91.37 ± 0.30 CFUs on day 1, 2.44 ± 0.90 CFUs
on day 2, 6.27 ± 2.40 CFUs on day 3, 6.99 ± 0.98 CFUs on day 4, and 7.02 ± 0.90 CFUs on day 5.
Er,Cr:YSGG laser–treated Ti discs had 1.05 ± 0.47 CFUs on day 1, 2.03 ± 0.68 CFUs on day 2, 6.08 ± 2.18
CFUs on day 3, 6.52 ± 0.51 CFUs on day 4, and 7.08 ± 1.24 CFUs on day 5 (Figure 11). These findings
demonstrate that slightly fewer P. gingivalis colonies formed on Er,Cr:YSGG laser treated discs than on
control discs; the differences were statistically significant on days 1, 2, and 4. During the 5-day period,
the correlation between the surface roughness of Er,Cr:YSGG laser treated discs and bacterial colony
formation decreased gradually in a time-dependent manner (Figure 9B).
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Figure 10. Qualitative morphological scanning electron microscopic (SEM) micrographs
of Porphyromonas gingivalis on control (Ctrl) titanium (Ti) discs and on Ti discs after erbium,
chromium-doped yttrium, scandium, gallium, and garnet (Er,Cr:YSGG) laser treatment. These images
illustrate the growth of bacteria and show relatively fewer bacteria on the Er,Cr:YSGG laser–treated
discs. Magnification, 2000 times; scale bar = 20 µm.
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treatment. * p < 0.05.

4. Discussion

This study showed that Er,Cr:YSGG laser reduced bacterial adhesion and increased fibroblast
adhesion on dental implant material, with subsequent smoother surfaces that interrupted the initial
phase of adhesion. Both peri-implant mucositis and peri-implantitis have been related to biofilm
accumulation, and so the removal of this biofilm and the bacteria within it is important for the longevity
of dental implants. Implant surfaces have gone through an evolutionary change from machined
titanium to rough surfaces. Rough implant surfaces enhances implant stability in bone, but they may
provide an environment conducive to increased plaque and bacterial colonization and thereby result
in peri-implantitis [24].

Many techniques have been used to treat peri-implantitis, including conventional methods such as
mechanical debridement, chemical surface treatment, and laser therapy [41]. The Er,Cr:YSGG laser
used in this study was set at a wavelength of 2780 nm with 1.50 W, 20 Hz, 11% distilled water, and 7%
air, and the laser tip was 2 mm away from the disc and applied for 30 s on the disc surfaces. In these
settings, the laser treatment ablated tissue by a hydrokinetic process that prevents temperature increase.
As in Azzeh et al.’s [24] report, the Er,Cr:YSGG laser used in this study was highly efficient and effective
in removing contaminants from the implant material with minimal changes to the titanium surface
roughness and the lack of an organic smear layer In Vitro. Our findings have shown that Ti implant
materials can be treated with Er,Cr:YSGG to smooth surfaces and interrupt P. gingivalis adhesion. Thus
Er,Cr:YSGG treatment can be considered a useful method for dental implant decontamination.

According to our results, Er,Cr:YSGG slightly modified pure titanium disc surfaces by making
them less rough (Figure 1) while maintaining the Ti surface weight percentage (Figure 2). Over a
period of 5 days, P. gingivalis attachment was reduced. The X-ray photoelectron spectroscopy (Figure 3)
indicated that Er,Cr:YSGG laser–treated Ti discs had the same concentrations of elements as the control
discs (Figure 4), despite having less roughness of the surface (Figure 5). As SEM analysis showed, we
found no signs of any laser-induced thermal side effects such as melted areas because of temperature’s
surpassing the metallic melting and boiling thresholds (Figure 10). As previously reported, wettability
is directly proportional to surface roughness; therefore, Er,Cr:YSGG laser–treated Ti discs were slightly
less wettable than control discs, but the difference was not significantly different (Figure 4).

Er,Cr:YSGG laser–treated Ti discs had less bacteria adhesion 5 days after treatment than did
the control discs (p < 0.01; Figure 8). Similar results were found in the quantitative SEM analysis of
P. gingivalis, in which the bacterial adhesion was significantly different at 4 days (Figures 10 and 11).
Although bacterial culture revealed less bacterial adhesion on Er,Cr:YSGG laser–treated Ti discs,
whereas SEM analysis showed little difference at 4 days, both test results indicated a tendency for less
bacteria on Er,Cr:YSGG laser treated Ti discs than on control discs on the first days. This tendency was
found in an R correlation between surface roughness and adherence of less bacteria to the Er,Cr:YSGG
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laser treated Ti discs in both the culture and SEM analysis (Figure 9). We believe the slight difference
between the results of these two analyses is attributable to the fact that the area examined in the SEM
analysis was smaller than that used in the culture test.

Laser irradiation at 100 mJ/pulse and 10 Hz for 1 min is suggested as a standard for detoxification
of implant surfaces [42,43]. In our study, the use of 1.50 W, 20 Hz, 11% distilled water, and 7% air with
a laser tip–to–disc distance of 2 mm and 30 s of irradiation effectively inhibited P. gingivalis adhesion
and maintained the Ti surface. These results are important for the implant–mucosa interface, where
numerous implants have a polished collar, similar in roughness and elements to the Ti discs used in
this study, and where biofilm accumulates, which can lead to peri-implant mucositis and the potential
for peri-implantitis. Our Er,Cr:YSGG laser settings could be used to treat peri-implant mucositis and
peri-implantitis with minimal implant surface alteration.

Schwarz et al. [44], using the same Er,Cr:YSGG laser machine as in this study, with settings of 1.5 W
and 20 Hz with an air/water ratio of 50/50, demonstrated high efficiency in removing plaque biofilm
in an energy-dependent manner, but they did not reestablish the biocompatibility of contaminated
titanium surfaces. We did measure cell viability and osteoblast differentiation (Figures 6 and 7) and
found a greater increase in fibroblasts on the Ti discs treated with Er,Cr:YSGG laser than in cells cultured
on control discs (p < 0.05). Furthermore, fibroblasts also exhibited higher osteoblast differentiation
when cultured on Ti discs treated with Er,Cr:YSGG laser (p < 0.05). These findings are in accordance
with those of Gheith et al. [45], who, after cell viability testing and SEM analysis, concluded that
Er,Cr:YSGG laser could safely improve the biocompatibility of dental implants made of titanium alloy
(Ti-6Al-4V); no undesirable changes were observed with the use of 2 W. Other studies showed surface
alterations such as melting and flattening with settings of 2 W, 20 Hz, 4 mm, and 45 s, and with settings
of 3 W, 25 Hz, 2 mm, 45 s on Ti discs; these settings were higher than those used in this study [46].
These outcomes suggest that laser parameters, such as the ones used in this study, should be optimized
to conserve the maximum surface characteristics possible during the irradiation of implant surfaces.

As Miranda et al. [47] pointed out, the wavelength of the Er,Cr:YSGG laser is highly specific
to water and is sensitive to gingival fluid, saliva, and blood. This makes the process of clinical
implant surface decontamination different from that in in-vitro situations. Other clinical studies
have shown good clinical results that support our results. Soldatos et al. [48] described a case of
dental implant stability 13 months after Er,Cr:YSGG laser treatment for peri-implantitis, showing
increased radiographic bone density. Other studies have demonstrated that the Er,Cr:YSGG laser
is more advantageous than mechanical therapy, such as that with titanium curettes or citric acid,
in the treatment of peri-implantitis [49,50]. Therefore, it is important to determine the best laser
settings, such as the power and the distance between the tip and titanium surface so as to achieve safer
guidelines for clinicians in decontamination, promoting biofilm removal, reducing bacterial adhesion,
and improving cell attachment, while the dental implant surface characteristics are preserved after
laser irradiation [46].

Some of the limitations of this study involve not demonstrating the possible application of
Er,Cr:YSGG for decontamination of implant surface colonized by P. gingivalis. In further studies,
laser treatment should be applied after bacteria culture.

5. Conclusions

Er,Cr:YSGG laser treatment made Ti disc surfaces slightly smoother. According to the results,
reduction of P. gingivalis adhesion and increasing of fibroblast viability and osteoblast differentiation
were observed with Er,Cr:YSGG laser treatment. Er,Cr:YSGG laser treatment altered the Ti surface
properties and improved the biological responses to the treated surfaces. Therefore, Er,Cr:YSGG laser
treatment can be considered for laser-assisted therapy settings and in guidelines for the treatment
of peri-implantitis.



Materials 2020, 13, 756 12 of 14

Author Contributions: Conceptualization, Y.-H.P. and W.-J.C.; methodology, W.-L.Y. and J.C.Y.L.; software,
W.-L.Y.; validation, E.S. and P.-Y.T.; formal analysis, S.-J.L.; investigation, K.-C.Y.; resources, W.-L.Y.; data curation,
H.-M.H.; writing—original draft preparation, W.-L.Y.; writing—review and editing, E.S.; visualization, H.-Y.H.;
supervision and project administration, H.-Y.H. and W.-J.C. All authors have read and agree to the published
version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank “enago.com” for the English editing.

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

References

1. Mengel, R.; Behle, M.; Flores-De-Jacoby, L. Osseointegrated implants in subjects treated for generalized
aggressive periodontitis: 10-year results of a prospective, long-term cohort study. J. Periodontol. 2007, 78,
2229–2237. [CrossRef] [PubMed]

2. Misch, C.E.; Perel, M.L.; Wang, H.L.; Sammartino, G.; Galindo-Moreno, P.; Trisi, P.; Steigmann, M.; Rebaudi, A.;
Palti, A.; Pikos, M.A.; et al. Implant success, survival, and failure: The International Congress of Oral
Implantologists (ICOI) pisa consensus conference. Implant Dent. 2008, 17, 5–15. [CrossRef] [PubMed]

3. Cheung, M.C.; Kao, P.L.; Lee, N.; Sivathasan, D.; Vong, C.W.; Zhu, J.; Polster, A.; Darby, I. Interest in dental
implantology and preferences for implant therapy: A survey of Victorian dentists. Aust. Dent. J. 2016, 61,
455–463. [CrossRef] [PubMed]

4. Klinge, B.; Lundström, M.; Rosén, M.; Bertl, K.; Klinge, A.; Stavropoulos, A. Dental implant quality
Register—A possible tool to further improve implant treatment and outcome. Clin. Oral Implants Res. 2018,
29, 145–151. [CrossRef] [PubMed]

5. Misch, C.E. Rationale for dental implants. In Text Book on Dental Implant Prosthetics; Misch, C.E., Ed.; Elsevier
Publ.: Amsterdam, The Netherlands, 2014; Volume 3, pp. 1–17.

6. Branemark, P.I.; Adell, R.; Albrektsson, T.; Lekholm, U.; Lundkvist, S.; Rockler, B. Osseointegrated titanium
fixtures in the treatment of edentulousness. Biomaterials 1983, 4, 25–28. [CrossRef]

7. Scarano, A.; Piattelli, M.; Caputi, S.; Favero, G.A.; Piattelli, A. Bacterial adhesion on commercially pure
titanium and zirconium oxide disks: An in vivo human study. J. Periodontol. 2004, 75, 292–296. [CrossRef]

8. Berglundh, T.; Persson, L.; Klinge, B. A systematic review of the incidence of biological and technical
complications in implant dentistry reported in prospective longitudinal studies of at least 5 years. J. Clin.
Periodontol. 2002, 29 (Suppl. 3), 197–212. [CrossRef]

9. Esposito, M.; Hirsch, J.M.; Lekholm, U.; Thomsen, P. Biological factors contributing to failures of
osseointegrated oral implants. (I). Success criteria and epidemiology. Eur. J. Oral Sci. 1998, 106, 527–551.
[CrossRef]

10. Sakka, S.; Baroudi, K.; Nassani, M.Z. Factors associated with early and late failure of dental implants.
J. Investig. Clin. Dent. 2012, 3, 258–261. [CrossRef]

11. Heitz-Mayfield, L.J.; Salvi, G.E. Peri-implant mucositis. J. Clin. Periodontol. 2018, 45, S237–S245. [CrossRef]
12. Schwarz, F.; Derks, J.; Monje, A.; Wang, H.L. Peri-implantitis. J. Clin. Periodontol. 2018, 45, S246–S266.

[CrossRef] [PubMed]
13. Mombelli, A. Microbiology and antimicrobial therapy of peri-implantitis. Periodontology 2000 2002, 28,

177–189. [CrossRef]
14. Tabanella, G.; Nowzari, H.; Slots, J. Clinical and microbiological determinants of ailing dental implants.

Clin. Implant Dent. Relat. Res. 2009, 11, 24–36. [CrossRef]
15. Casado, P.L.; Otazu, I.B.; Balduino, A.; de Mello, W.; Barboza, E.P.; Duarte, M.E. Identification of periodontal

pathogens in healthy periimplant sites. Implant Dent. 2011, 20, 226–235. [CrossRef] [PubMed]
16. Elemek, E.; Almas, K. Peri-implantitis: Etiology, diagnosis and treatment: An update. TNY State Dent. J.

2014, 80, 26–32.
17. Malek, R.; Fisher, J.G.; Caleca, A.; Stinson, M.; Van Oss, C.J.; Lee, J.Y.; Cho, M.I.; Genco, R.J.; Evans, R.T.;

Dyer, D.W. Inactivation of the Porphyromonas gingivalis fimA gene blocks periodontal damage in gnotobiotic
rats. J. Bacteriol. 1994, 176, 1052–1059. [CrossRef] [PubMed]

18. Leonhardt, A.; Renvert, S.; Dahlen, G. Microbial findings at failing implants. Clin. Oral Implants Res. 1999,
10, 339–345. [CrossRef]

http://dx.doi.org/10.1902/jop.2007.070201
http://www.ncbi.nlm.nih.gov/pubmed/18052693
http://dx.doi.org/10.1097/ID.0b013e3181676059
http://www.ncbi.nlm.nih.gov/pubmed/18332753
http://dx.doi.org/10.1111/adj.12411
http://www.ncbi.nlm.nih.gov/pubmed/26800641
http://dx.doi.org/10.1111/clr.13268
http://www.ncbi.nlm.nih.gov/pubmed/30306699
http://dx.doi.org/10.1016/0142-9612(83)90065-0
http://dx.doi.org/10.1902/jop.2004.75.2.292
http://dx.doi.org/10.1034/j.1600-051X.29.s3.12.x
http://dx.doi.org/10.1046/j.0909-8836..t01-2-.x
http://dx.doi.org/10.1111/j.2041-1626.2012.00162.x
http://dx.doi.org/10.1111/jcpe.12953
http://dx.doi.org/10.1111/jcpe.12954
http://www.ncbi.nlm.nih.gov/pubmed/29926484
http://dx.doi.org/10.1034/j.1600-0757.2002.280107.x
http://dx.doi.org/10.1111/j.1708-8208.2008.00088.x
http://dx.doi.org/10.1097/ID.0b013e3182199348
http://www.ncbi.nlm.nih.gov/pubmed/21613949
http://dx.doi.org/10.1128/JB.176.4.1052-1059.1994
http://www.ncbi.nlm.nih.gov/pubmed/8106316
http://dx.doi.org/10.1034/j.1600-0501.1999.100501.x


Materials 2020, 13, 756 13 of 14

19. Kato, I.; Vasquez, A.A.; Moyerbrailean, G.; Land, S.; Sun, J.; Lin, H.S.; Ram, J.L. Oral microbiome and history
of smoking and colorectal cancer. J. Epidemiol. Res. 2016, 2, 92–101. [CrossRef]

20. Tribble, G.D.; Kerr, J.E.; Wang, B.Y. Genetic diversity in the oral pathogen Porphyromonas gingivalis:
Molecular mechanisms and biological consequences. Future Microbiol. 2013, 8, 607–620. [CrossRef]

21. Shiheido, Y.; Maejima, Y.; Suzuki, J.I.; Aoyama, N.; Kaneko, M.; Watanabe, R.; Sakamaki, Y.; Wakayama, K.;
Ikeda, Y.; Akazawa, H.; et al. Porphyromonas gingivalis, a periodontal pathogen, enhances myocardial
vulnerability, thereby promoting post-infarct cardiac rupture. J. Mol. Cell Cardiol. 2016, 99, 123–137.
[CrossRef]

22. Rodrigo, D.; Martin, C.; Sanz, M. Biological complications and peri-implant clinical and radiographic changes
at immediately placed dental implants. A prospective 5-year cohort study. Clin. Oral Implants Res. 2012, 23,
1224–1231. [CrossRef] [PubMed]

23. Lang, N.P.; Wilson, T.G.; Corbet, E.F. Biological complications with dental implants: Their prevention,
diagnosis and treatment. Clin. Oral Implants Res. 2000, 11 (Suppl. 1), 146–155. [CrossRef]

24. Azzeh, M.M. Er, Cr: YSGG laser-assisted surgical treatment of peri-implantitis with 1-year reentry and
18-month follow-up. J. Periodontol. 2008, 79, 2000–2005. [CrossRef] [PubMed]

25. Murray, C.M.; Knight, E.T.; Russell, A.A.; Tawse-Smith, A.; Leichter, J.W. Peri-implant disease: Current
understanding and future direction. N. Z. Dent. J. 2013, 109, 55–62. [PubMed]

26. Kotsakis, G.A.; Konstantinidis, I.; Karoussis, I.K.; Ma, X.Y.; Chu, H.T. Systematic Review and Meta-Analysis
of the Effect of Various Laser Wavelengths in the Treatment of Peri-Implantitis. J. Periodontol. 2014, 85,
1203–1213. [CrossRef] [PubMed]

27. Wang, F.; Wu, Y.; Zou, D.; Wang, G.; Kaigler, D. Clinical outcomes of dental implant therapy in alveolar cleft
patients: A systematic review. Int. J. Oral Maxillofac. Implants 2014, 29, 1098–1105. [CrossRef] [PubMed]

28. Wennerberg, A.; Albrektsson, T. Suggested guidelines for the topographic evaluation of implant surfaces.
Int. J. Oral Maxillofac. Implants. 2000, 15, 331–344.

29. Mustafa, K.; Wennerberg, A.; Wroblewski, J.; Hultenby, K.; Lopez, B.S.; Arvidson, K. Determining optimal
surface roughness of TiO(2) blasted titanium implant material for attachment, proliferation and differentiation
of cells derived from human mandibular alveolar bone. Clin. Oral Implants Res. 2001, 12, 515–525. [CrossRef]

30. Kawashima, H.; Sato, S.; Kishida, M.; Yagi, H.; Matsumoto, K.; Ito, K. Treatment of titanium dental implants
with three piezoelectric ultrasonic scalers: An in vivo study. J. Periodontol. 2007, 78, 1689–1694. [CrossRef]

31. Chang, Y.C.; Lee, W.F.; Feng, S.W.; Huang, H.M.; Lin, C.T.; Teng, N.C.; Chang, W.J. In vitro analysis of
fibronectin-modified titanium surfaces. PLoS ONE 2016, 11, e0146219. [CrossRef]

32. Burgers, R.; Hahnel, S.; Reichert, T.E.; Rosentritt, M.; Behr, M.; Gerlach, T.; Handel, G.; Gosau, M. Adhesion
of Candida albicans to various dental implant surfaces and the influence of salivary pellicle proteins.
Acta Biomater. 2010, 6, 2307–2313. [CrossRef] [PubMed]

33. Arora, S.; Lamba, A.K.; Faraz, F.; Tandon, S.; Ahad, A. Evaluation of the effects of Er,Cr:YSGG Laser,
ultrasonic scaler and curette on root surface profile using surface analyser and scanning electron microscope:
An in vitro study. J. Lasers Med. Sci. 2016, 7, 243–249. [CrossRef] [PubMed]

34. Aoki, A.; Mizutani, K.; Schwarz, F.; Sculean, A.; Yukna, R.A.; Takasaki, A.A.; Romanos, G.E.; Taniguchi, Y.;
Sasaki, K.M.; Zeredo, J.L.; et al. Periodontal and peri-implant wound healing following laser therapy.
Periodontology 2000 2015, 68, 217–269. [CrossRef] [PubMed]

35. Arnabat-Domínguez, J.; Bragado-Novel, M.; España-Tost, A.J.; Berini-Aytés, L.; Gay-Escoda, C. Advantages
and esthetic results of erbium, chromium: Yttrium–scandium–gallium–garnet laser application in
second-stage implant surgery in patients with insufficient gingival attachment: A report of three cases. Lasers
Med. Sci. 2010, 25, 459–464. [CrossRef]

36. Ertugrul, A.S.; Tekin, Y.; Talmac, A.C. Comparing the efficiency of Er,Cr:YSGG laser and diode laser on
human beta-defensin-1 and IL-1beta levels during the treatment of generalized aggressive periodontitis and
chronic periodontitis. J. Cosmet. Laser Ther. 2017, 19, 409–417. [CrossRef]

37. Chang, Y.C.; Feng, S.W.; Huang, H.M.; Teng, N.C.; Lin, C.T.; Lin, H.K.; Wang, P.D.; Chang, W.J. Surface
analysis of titanium biological modification with glow discharge. Clin. Implant Dent. Relat. Res. 2015, 17,
469–475. [CrossRef]

38. Miura, S.; Takebe, J. Biological behavior of fibroblast-like cells cultured on anodized-hydrothermally treated
titanium with a nanotopographic surface structure. J. Prosthodont. Res. 2012, 56, 178–186. [CrossRef]

http://dx.doi.org/10.5430/jer.v2n2p92
http://dx.doi.org/10.2217/fmb.13.30
http://dx.doi.org/10.1016/j.yjmcc.2016.03.017
http://dx.doi.org/10.1111/j.1600-0501.2011.02294.x
http://www.ncbi.nlm.nih.gov/pubmed/22092726
http://dx.doi.org/10.1034/j.1600-0501.2000.011S1146.x
http://dx.doi.org/10.1902/jop.2008.080045
http://www.ncbi.nlm.nih.gov/pubmed/18834257
http://www.ncbi.nlm.nih.gov/pubmed/23767168
http://dx.doi.org/10.1902/jop.2014.130610
http://www.ncbi.nlm.nih.gov/pubmed/24444398
http://dx.doi.org/10.11607/jomi.3585
http://www.ncbi.nlm.nih.gov/pubmed/25216135
http://dx.doi.org/10.1034/j.1600-0501.2001.120513.x
http://dx.doi.org/10.1902/jop.2007.060496
http://dx.doi.org/10.1371/journal.pone.0146219
http://dx.doi.org/10.1016/j.actbio.2009.11.003
http://www.ncbi.nlm.nih.gov/pubmed/19925892
http://dx.doi.org/10.15171/jlms.2016.43
http://www.ncbi.nlm.nih.gov/pubmed/28491260
http://dx.doi.org/10.1111/prd.12080
http://www.ncbi.nlm.nih.gov/pubmed/25867988
http://dx.doi.org/10.1007/s10103-009-0728-6
http://dx.doi.org/10.1080/14764172.2017.1334923
http://dx.doi.org/10.1111/cid.12141
http://dx.doi.org/10.1016/j.jpor.2011.11.004


Materials 2020, 13, 756 14 of 14

39. Aliuos, P.; Fadeeva, E.; Badar, M.; Winkel, A.; Mueller, P.P.; Warnecke, A.; Chichkov, B.; Lenarz, T.; Reich, U.;
Reuter, G. Evaluation of single-cell force spectroscopy and fluorescence microscopy to determine cell
interactions with femtosecond-laser microstructured titanium surfaces. J. Biomed. Mater. Res. Part A 2013,
101, 981–990. [CrossRef]

40. Ngamwongsatit, P.; Banada, P.P.; Panbangred, W.; Bhunia, A.K. WST-1-based cell cytotoxicity assay as
a substitute for MTT-based assay for rapid detection of toxigenic Bacillus species using CHO cell line.
J. Microbiol. Methods 2008, 73, 211–215. [CrossRef]

41. Ercan, E.; Arin, T.; Kara, L.; Çandirli, C.; Uysal, C. Effects of Er, Cr: YSGG laser irradiation on the surface
characteristics of titanium discs: An in vitro study. Lasers Med. Sci. 2014, 29, 875–880. [CrossRef]

42. Krozer, A.; Hall, J.; Ericsson, L. Chemical treatment of machined titanium surfaces. An in vitro study. Clin.
Oral. Implants Res. 1999, 10, 204–211. [CrossRef]

43. Roos-Jansåker, A.M.; Renvert, H.; Lindahl, C.; Renvert, S. Nine-to fourteen-year follow-up of implant
treatment. Part III: Factors associated with peri-implant lesions. J. Clin. Periodontol. 2006, 33, 296–301.
[CrossRef] [PubMed]

44. Schwarz, F.; Nuesry, E.; Bieling, K.; Herten, M.; Becker, J. Influence of an erbium, chromium-doped yttrium,
scandium, gallium, and garnet (Er, Cr: YSGG) laser on the reestablishment of the biocompatibility of
contaminated titanium implant surfaces. J. Periodontol. 2006, 77, 1820–1827. [CrossRef] [PubMed]

45. Gheith, M.E.; Abbas, N.A.; Rashed, L.A.; El Aziz, Z.A.A. Biocompatibility of erbium chromium-doped
yattrium-scandium-gallium-garnet (Er, Cr: YSGG 2780 nm) laser-treated titanium alloy used for dental
applications (in vitro study). Lasers Dent. Sci. 2018, 2, 119–124.

46. Ercan, E.; Candirli, C.; Arin, T.; Kara, L.; Uysal, C. The effect of Er, Cr: YSGG laser irradiation on titanium
discs with microtextured surface morphology. Lasers Med. Sci. 2015, 30, 11–15. [CrossRef]

47. Miranda, P.V.; Rodrigues, J.A.; Blay, A.; Shibli, J.A.; Cassoni, A. Surface alterations of zirconia and titanium
substrates after Er, Cr: YSGG irradiation. Lasers Med. Sci. 2015, 30, 43–48. [CrossRef]

48. Soldatos, N.; Romanos, G.E.; Michaiel, M.; Sajadi, A.; Angelov, N.; Weltman, R. Management of Retrograde
Peri-Implantitis Using an Air-Abrasive Device, Er, Cr: YSGG Laser, and Guided Bone Regeneration. Case
Rep. Dent. 2018. Article ID 7283240. [CrossRef]

49. Takagi, T.; Aoki, A.; Ichinose, S.; Taniguchi, Y.; Tachikawa, N.; Shinoki, T.; Meinzer, W.; Sculean, A.; Izumi, Y.
Effective removal of calcified deposits on microstructured titanium fixture surfaces of dental implants with
erbium lasers. J. Periodontol. 2018, 89, 680–690. [CrossRef]

50. Gholami, G.A.; Karamlou, M.; Fekrazad, R.; Ghanavati, F.; Hakimiha, N.; Romanos, G.R. Comparison of the
Effects of Er, Cr: YSGG Laser and Super-Saturated Citric Acid on the Debridement of Contaminated Implant
Surfaces. J. Lasers Med. Sci. 2018, 9, 254–260. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/jbm.a.34401
http://dx.doi.org/10.1016/j.mimet.2008.03.002
http://dx.doi.org/10.1007/s10103-013-1294-5
http://dx.doi.org/10.1034/j.1600-0501.1999.100303.x
http://dx.doi.org/10.1111/j.1600-051X.2006.00908.x
http://www.ncbi.nlm.nih.gov/pubmed/16553639
http://dx.doi.org/10.1902/jop.2006.050456
http://www.ncbi.nlm.nih.gov/pubmed/17076606
http://dx.doi.org/10.1007/s10103-013-1338-x
http://dx.doi.org/10.1007/s10103-013-1516-x
http://dx.doi.org/10.1155/2018/7283240
http://dx.doi.org/10.1002/JPER.17-0389
http://dx.doi.org/10.15171/jlms.2018.46
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Titanium Disc Preparation 
	Er,Cr:YSGG Laser Treatment 
	Scanning Electron Microscopy 
	Energy-Dispersive Spectrometry 
	X-ray Photoelectron Spectroscopy 
	Examination of Surface Wettability by Contact Angle 
	Examination of Surface Roughness 
	Fibroblast Cell Culture 
	Cell Cytotoxicity 
	ALP Activity 
	Porphyromonas Gingivalis Adhesion 
	Statistical Analysis 

	Results 
	Er,Cr:YSGG Laser Treated Ti Discs Surface Characterization by SEM Image 
	Energy-Dispersive Spectrometry 
	X-ray Photoelectron Spectroscopy Examination of Surface Elements 
	Wettability of Titanium Disc Surface 
	Roughness of Titanium Disc Surface 
	Porphyromonas Gingivalis Adhesion and Colony Formation On Titanium Discs after Er,Cr:YSGG Laser Treatment 

	Discussion 
	Conclusions 
	References

