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A B S T R A C T

Objectives: To investigate the effects of different decontamination treatments on microstructure of titanium (Ti)
surface as well as proliferation and adhesion of human gingival fibroblasts (HGFs).
Material and methods: Ti discs with machined (M) and sand blasted, acid etched (SAE) surfaces were treated with
five different decontamination treatments: (1) stainless steel curette (SSC), ultrasonic system with (2) straight
carbon fiber tip (UCF) or (3) metal tip (UM), (4) rotating Ti brush (RTB), and (5) Er:YAG laser (30mJ/pulse at
30 Hz). Surface roughness was analyzed under optical interferometry. HGFs were cultured on each disc.
Proliferation and adhesive strength were analyzed. qRT-PCR and ELISA were performed to detect the RNA and
protein expression of FAK, ITGB1, COL1A1, and FN1 respectively from different Ti surfaces.
Results: Surface roughness increased on M surface. Proliferation, adhesive strength and gene expression were
higher on M surface than SAE surface. Decontamination treatments affected surface parameters significantly
(P < 0.001), making M surface less smooth while SAE surface became less rough. SSC, UCF, UM and RTB
decreased proliferation on M surfaces significantly (P < 0.05). UCF, RTB and laser increased proliferation on
SAE surface significantly (P < 0.05). UM decreased adhesive strength on M surface significantly and laser in-
creased adhesive strength on SAE surface significantly (P < 0.05). Gene expression increased with time and was
altered by decontamination treatments significantly (P < 0.001).
Conclusions: Decontamination treatments influence surface roughness and cell behavior of HGFs. Laser might be
an optimal decontamination treatment which has the least negative effect on M surface and the most positive
effect on SAE surface.

1. Introduction

Implant dentistry is developing rapidly with an increasing 5-year
survival rate (Pjetursson, Asgeirsson, Zwahlen, & Sailer, 2014), while
plaque induced inflammation around implant is still the main cause of
implant failure (Atsuta et al., 2016). Implant surface decontamination
has been suggested as an indispensable procedure to prevent and treat
inflammation around the implant (Subramani & Wismeijer, 2012). The
target of decontamination is usually the polished implant surface, but
could also include the sand blasted, acid etched (SAE) surface exposed
from the bone because of alveolar resorption. Interaction of dental
implant with its surrounding cells is critical for the stability and
maintenance of the implant. For cells around implant, human gingival
fibroblasts (HGFs) are major cellular components of oral soft tissue
(Bruckmann, Walboomers, Matsuzaka, & Jansen, 2005). HGFs are es-
sential for maintaining oral implants in good condition through

multiple functions including repairing tissue damage and sealing im-
plants from oral microbial environment (Lekic & McCulloch, 1996;
Moon, Berglundh, Abrahamsson, Linder, & Lindhe, 1999; Palaiologou,
Yukna, Moses, & Lallier, 2001). All these functions require the adhesion
and proliferation of HGFs on the surface of implant and overall pro-
duction and turnover of the extracellular matrix (ECM) to maintain
synthesis and integrity of the gingival connective tissues (Biagini,
Checchi, Pelliccioni, & Solmi, 1992; Flemmig, 1999). Focal adhesion
around implant is a dynamic process which involves multiple extra-
cellular matrix linking proteins (Rustad, Wong, & Gurtner, 2013). Focal
adhesion kinase (FAK) and integrin β1 (ITGB1) play critical roles in
fibroblast adhesion signaling (Rustad et al., 2013). Inhibition of FAK
resulted in decreased level of fibrotic response (Kim, Wen, Prowse, &
Hamilton, 2015). Block of integrin reduced fibroblast attachment on
different implant surfaces (Kramer, Janikkeith, Cai, Ma, & Watanabe,
2009). Collagen type I (COL1A1) and fibronectin (FN1) are
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predominant cellular components of ECM in both bone (Stadlinger
et al., 2012) and periodontal ligament (McCulloch, Lekic, & McKee,
2000), and could influence the stability of implants.

It has been observed that surface microstructure can influence epi-
thelial growth and attachment of fibroblasts (Brunette & Chehroudi,
1999; Chehroudi, Gould, & Brunette, 1989, Chehroudi et al., 1990;
Oates, Maller, West, & Steffensen, 2005; Rutkunas et al., 2015). Al-
terations in surface microstructure may have different influences on the
attachment of epithelial cells and fibroblasts, thus having an impact on
the maintenance or re-establishment of the soft tissue sealing around
implants after decontamination treatments. The effects of various de-
contamination treatments on implant surface have been evaluated (Al-
Hashedi, Laurenti, Benhamou, & Tamimi, 2017; Schmidt et al., 2017).
However, whether the microstructural alterations of decontaminated
titanium (Ti) surface affect the cellular behavior of HGFs on the implant
surface require more investigations to help guide clinical decisions of
choosing decontamination method.

In the present in vitro study, we investigated the effect of different
decontamination treatments on surface roughness of two kinds of Ti
discs (mechanically polished surface and SAE surface) as well as on
proliferation, adhesive strength and gene expression of HGFs. We hy-
pothesized that: (1) decontamination treatments of Ti discs alter surface
microstructure significantly compared to non-decontaminated control.
And the changes of surface microstructure vary with different decon-
tamination treatments; (2) surface microstructure change of deconta-
minated Ti discs affects proliferation and adhesion of HGFs.

2. Material and methods

2.1. Discs preparation and decontamination treatments

Commercial puretitanium (purity: 99.99%, AKEC medical, China)
was processed into discs with 15mm diameter and 1mm thickness
using the same cutting technique. Disc surfaces were mechanically
polished and ultrasonically cleaned by pure acetone and ethanol for one
group (M), and was sand blasted (pressure: 6 atms; distance of jet:
10 cm; angle of jet: 45°; powder material: white alundum; duration:
15s) and acid etched (2%HF+4%HNO3 room temperature for 25min,
then H2SO4 +HCl (1:1) 80 °C water bath 30min) for the other group
(SAE). Surface roughness (Sa) was measured by scanning electron mi-
croscope (SEM). The polished surfaces have an average Sa of
0.012 μm ± 0.002, while the SAE surfaces have an average Sa of
2.972 μm ± 0.126.

For each group, discs were randomly and equally allocated to the
following decontamination (1)-(5) and control (6) groups (Fig. 1):

(1) Stainless steel curette (SSC) (Grace, Hu-Friedy Mfg. Co., Inc. USA),
with a working force of 0.25 N and an angle of 70–80°, moving in an
imbricate style for 60 s

(2) Ultrasonic system with straight carbon fiber tip (UCF) (P5 Newtron®,
Satelec, ACTEON, France), 25 KHz, 10 μm swing amplitude, with a
working angle of 15°, moving in an imbricate style for 60 s

(3) Ultrasonic system with metal tip (UM) (P5 Newtron®, Satelec,
ACTEON, France, France), 25 KHz, 30 μm swing amplitude, with a
working angle of 15°, moving in an imbricate style for 60 s

(4) Rotating titanium brush (RTB) (iBrush, NeoBioteck, South Korea),
with a working force of 0.25 N, 920 rpm/min, moving in an im-
bricate style for 60 s

(5) Er:YAG laser (Fontona, Slovenia), 30mJ/pulse, 30 Hz, with a
working angle of 15°, moving in an imbricate style for 60 s

(6) No treatment.

After treated by different decontamination methods, all the discs
were washed in an ultrasonic cleaner. Deionized water (10min× 3
times), acetone (10min× 2 times) and 95% ethanol (10min× 3
times) were applied successively to wash the discs to remove debris and

organic solvent. Finally, all discs were rinsed by double distilled water
(10min×3 times) and sterilized by autoclaving (121 °C, 205.8 kPa,
30min) before being placed into 24-well plates (Lap Tek Chamber
Slide, Nalge Nunc, Naperville, IL, USA).

2.2. Surface analysis

Surface roughness parameters (ISO 25178 standard) including
height parameters of arithmetical mean height of a surface (Sa), height
of a surface (Sq), and maximum height of a surface (Sz); hybrid para-
meters of root mean square gradient of a surface (Sdq) and developed
area ratio (Sdr); spatial parameters of texture aspect ratio of the surface
at 20% (Str20) and 37% (Str37) were evaluated by optical inter-
ferometry (MicroXAM™, USA).

2.3. Cell culture

The study protocol was reviewed and approved by the IRBPKUSS.
Informed consent to collect periodontal tissue was obtained from one
healthy volunteer before crown lengthening surgery. Cell culture of
HGFs was referred to an established in vitro procedure (Cabral, Costa, &
Fernandes, 2007). The gingival tissue was cut into minor blocks under
sterile conditions, cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM, Gibco) supplemented with 10% fetal bovine serum (FBS,
Gibco), 100 U/ml penicillin and 100mg/ml streptomycin (Invitrogen,
Grand Island, NY, USA) in a humidified 5% CO2 atmosphere at 37 °C for
two weeks. Cell morphology and expansion were observed under phase
contrast microscope (Olympus, Japan). In vitro passage was performed
when the confluence reached 90%. After the fourth passage, human
gingival fibroblasts were digested using a trypsin-EDTA solution
(Sigma, St. Louis, MO, USA), and the cell number was determined using
a hemacytometer. The cell suspension was centrifuged for 5min at
1000 r/min at room temperature and re-suspended in DMEM con-
taining 10% FBS to a density of 2× 105 cells/ml. 1 ml cell suspension
was seeded on each Ti disc. For each processing method group, three
subgroups with cell culture time of 24 h, 72 h and 168 h were set under
same culture conditions.

2.4. Cell proliferation

3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT)
(Sigma- Aldrich, St Louis, MO, USA) assay was used according to the
manufacturer’s instructions. After incubation at different time periods, the
discs were taken out from the cell culture plate and were transferred into a
new plate. They were then rinsed with PBS for three times to eliminate
cells adhere to the plate. 100 μl 5mg/ml MTT solution plus 1ml culture
medium was added into each well, and the plates were incubated for 4 h
(37 °C, 5% CO2). After removing medium and rinsing with PBS for three
times, formazan crystals were dissolved by 750 μl/well DMSO (Sigma,
US). Optical density (OD) of the resulting solution was measured at
570 nm by a plate reader (BioTek, USA).

2.5. Adhesive strength

The adhesive strength of HGFs was evaluated by adhesion assays
described in a previous study (Baltriukiene et al., 2014). The adhesive
assay was carried out in two stages. Titanium discs with cells in each
treatment group were divided evenly and randomly into two groups.
One group was under MTT test directly to detect the baseline cell
number. Another group was shaken firstly (at 200 rpm for 5min), after
rinsing the detached cells with PBS for three times, MTT test was also
performed to determine the remaining cell number. We defined a new
parameter- adhesion fraction to evaluate the adhesive strength of HGFs
on titanium discs on each treatment group.

Adhesion fraction=Absorbance after shaking÷ absorbance before
shaking
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2.6. RNA analysis

Total RNA was extracted using Trizol reagent (Invitrogen, US) fol-
lowing the manufacturer’s instructions. The amount of RNA extracted
was quantified by a NanoDrop ND-1000 spectrophotometer (NanoDrop
Technologies, Montchanin, DE, USA). 200 ng RNA for each study group
at the three culturing time period were retro-transcribed into cDNA
using the Reverse Transcription Kit (Takara, Japan). Primers were de-
signed (Table 1) using the Primer3 software (http://frodo.wi.mit.edu/
primer3/) to amplify genes for adhesion (FAK and ITGB1) and genes for
ECM synthesis and remodeling (COL1A1 and FN1). Quantitative real-

time PCR (qRT-PCR) was performed using QuantiTect SYBR Green RT-
PCR Kit (Qiagen) in a Mastercycle machine (Thermo Scientific, USA).
The comparative Ct method was applied to analyze the dissociation
curves which is normalized by the expression levels to the house-
keeping gene β-actin.

2.7. Enzyme-linked immunoabsorbent assay (ELISA)

The procedure of ELISA was derived following an established pro-
cedure (Wiesen et al., 2015). To determine the expression of FAK,
ITGB1, COL1A1, and FN1, cells on each disc were lysed with 1.5ml

Fig. 1. General flow chart of the research.

Table 1
Primer pairs of amplified genes.

Gene Forward primer Reverse primer

FAK 5′- GTTTCCCCAGAGCTCCTCAA −3′ 5′- TACTCGCTCCATTGCACCAG −3′
ITGB1 5′- ACGGACGTAAAGCTGGTCTC −3′ 5′- TTGCACGGGCAGTACTCATT −3′
COL1A1 5′- GAGGGCCAAGACGAAGACATC −3′ 5′- CAGATCACGTCATCGCACAAC −3′
FN1 5′- GGCCAGTCCTACAACCAGTA −3′ 5′- TCTTGGCAGAGAGACATGCTT −3′
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RIPA (Gibco, US) on ice. Protein supernatants were collected by cen-
trifugation at 14,000 rpm for 10min at 4 °C. FAK (Total) Human
Monoclonal Antibody (Invitrogen,Thermofisher, US), ITGB1 Mono-
clonal Antibody (Invitrogen,Thermofisher, US), Fibronectin Mono-
clonal Antibody (Invitrogen,Thermofisher, US) and COL1A1 Propeptide
Polyclonal Antibody (Invitrogen,Thermofisher, US) were used to detect
the amount of protein. The absorbance at 450 nm and 550 nm was
examined on a plate reader (BioTek, USA) immediately after adding
100 μl of stop solution. Subtraction of 550 nm values from 450 nm va-
lues was used to correct optical imperfections in the microplate.

2.8. Statistical analysis

SPSS 20.0 (SPSS Inc., Chicago, IL, USA) was used for statistical
analysis. Mean values and standard deviations were calculated for each
study group. General linear model was applied to evaluate the effects of
Ti surfaces and decontamination on surface parameters and adhesive
strength. Repeated measures ANOVA was used to see time changes of
proliferation and expression to decontamination on M and SAE Ti
surfaces. Tukey’s HSD was applied for post hoc tests. Differences were
considered statistically significant at P < 0.05.

3. Results

Surface characteristics of different decontamination treatments
were analyzed by optical interferometry. The means ± standard de-
viations of surface parameters were summarized in Table 2. Statistical
analyses showed that disc surfaces and decontamination treatments
significantly affected Sa, Sq, Sz, Sdq, Sdr, Str20, and Str37 (P < 0.001).
There were also significant interactions between disc surfaces and de-
contamination treatments on all the surface parameters (P < 0.05)
except Str37. Post hoc analyses indicated that on M surfaces, Sa, Sq,
Sdq, and Sdr were significantly higher when treated with SSC, UM and
RTB compared with control (P < 0.05). Sdq, Sdr were also sig-
nificantly higher when treated with UCF (P < 0.05). Sz was sig-
nificantly higher than control when treated with UM (P < 0.001) Laser
has the least influence on M surface parameters (P > 0.18). However,
on SAE surfaces, Sa, Sq, Sdq, and Sdr were significantly lower when
having decontamination treatments compared with control (P < 0.05).
Sz were significantly lower than control when treated with SSC
(P < 0.005). Besides, Sz was significantly lower than control when
treated with UM and RTB (P < 0.05).

Repeated measures ANOVA showed that proliferation increased
significantly with culturing time (P < 0.001). Proliferation on M sur-
faces was significantly higher than on SAE surfaces (P < 0.001). When
compared with control, proliferation decreased significantly when the
surfaces were decontaminated with SSC, UCF, UM, and RTB on M
surface (P < 0.05). While proliferation was significantly higher when
treated with UCF, RTB and laser on SAE surface (P < 0.05). (Fig. 2)

The adhesive strength of HGFs on Ti surface was significantly higher

on M surfaces (0.83 ± 0.05) than on SAE surfaces (0.78 ± 0.04)
(P=0.002). All decontamination treatments reduced adhesive strength
of HGFs on M surfaces while increased adhesive strength of HGFs on
SAE surfaces. (Fig. 3) There was statistically significant difference be-
tween UM and control on M surface (P< 0.05) and between laser and
control on SAE surface (P < 0.05).

Both RT-qPCR and ELISA results demonstrated that the expression
of FAK, ITGB1, COL1A1, and FN1 increased significantly with time
(P < 0.001). Gene expression was significantly higher on M surfaces
than on SAE surfaces (P < 0.001). Decontamination treatments altered
gene expression significantly than control (P < 0.001) (Fig. 4). FAK,
ITGB1, COL1A1 and FN1 showed statistically significant decreases in
mRNA and protein expression when the surface was treated with SSC,
UCF, UM, and RTB on M surface. FAK and COL1A1 also showed sig-
nificant expression decrease when M surface was treated with laser.
FN1 and ITGB1 expression at protein level didn’t show significant al-
terations when M surface was treated with laser. While on SAE surfaces,
expression of FAK, FN1, and ITGB1 increased significantly in all de-
contamination group except SSC. Expression of COL1A1 on SAE surface
showed consistent increase when treated with laser, but demonstrated a
rather fluctuated trend for other decontamination treatments.

4. Discussion

Decontamination has been applied to aid the treatment of local peri-
implantitis (Mahato, Wu, & Wang, 2016). As an exterior force, it could
alter the microstructure as well as roughness and other properties of
implant surface. How such surface alterations caused by decontami-
nation treatment influence HGFs remains unclear. This study in-
vestigated the effects of different decontamination treatments on sur-
face microstructure of Ti discs and the proliferation and adhesion of
human gingival fibroblasts (HGFs). It was found that decontamination
treatments alter the surface parameters of M and SAE Ti discs and
further influence the proliferation and adhesive strength of HGFs, as
well as the expression of FAK, ITGB1, COL1A1, and FN1 at both mRNA
and protein levels.

Surface properties have been proved to influence cellular response.
And several studies, although using various cell lines and surface ma-
terials, have reached consistent conclusion that smooth surface increase
proliferation and adhesion (Baharloo, Textor, & Brunette, 2005; Brunot
et al., 2008; Werner et al., 2009). For example, Na et al. (An et al.,
2012) compared four different implant Ti surfaces and found that a
smoother and hydrophilic surface has positive influence on cell beha-
vior. In our study, roughness parameters (e.g. Sa, Sq, Sz) and hybrid
parameters (e.g. Sdq and Sdr) were higher on SAE group than M group.
For laser group on M surface, not only did laser treatment has the
lowest Sa, Sq, Sz but also has similar hybrid parameters, Sdq and Sdr,
with control group, meaning the surface morphology was little altered.
So the compatibility of implant abutment could be maintained during
treatment. For SAE group roughness, the rule was UN and SSC could

Table 2
Surface parameters of different decontamination treatments on mechanically polished (M) and SLA Ti surfaces.

Disc group Deconta-mination Sa, μm Sq, μm Sz, μm Sdq,1/nm Sdr, % Str20 Str37

M SSC 0.223 ± 0.060 0.324 ± 0.080 3.734 ± 0.990 0.104 ± 0.016 0.541 ± 0.168 0.088 ± 0.008 0.070 ± 0.044
UCF 0.206 ± 0.018 0.262 ± 0.021 2.814 ± 0.651 0.115 ± 0.008 0.658 ± 0.091 0.433 ± 0.125 0.489 ± 0.195
UM 0.391 ± 0.083 0.539 ± 0.108 6.600 ± 1.247 0.201 ± 0.019 1.975 ± 0.345 0.206 ± 0.053 0.460 ± 0.166
RTB 0.215 ± 0.030 0.290 ± 0.036 3.768 ± 0.341 0.122 ± 0.014 0.742 ± 0.171 0.243 ± 0.061 0.390 ± 0.130
Laser 0.126 ± 0.008 0.169 ± 0.008 2.538 ± 0.428 0.070 ± 0.007 0.244 ± 0.049 0.564 ± 0.127 0.502 ± 0.037
control 0.110 ± 0.029 0.149 ± 0.031 2.748 ± 1.125 0.047 ± 0.009 0.112 ± 0.039 0.386 ± 0.234 0.410 ± 0.208

SLA SSC 1.621 ± 0.084 2.041 ± 0.100 17.813 ± 1.386 0.754 ± 0.019 24.075 ± 1.153 0.619 ± 0.116 0.650 ± 0.113
UCF 2.677 ± 0.026 3.352 ± 0.046 22.930 ± 1.552 0.810 ± 0.010 28.550 ± 0.580 0.755 ± 0.091 0.845 ± 0.022
UM 1.185 ± 0.186 1.579 ± 0.215 16.032 ± 0.995 0.451 ± 0.016 9.105 ± 0.589 0.664 ± 0.080 0.830 ± 0.090
RTB 2.451 ± 0.126 3.063 ± 0.160 22.680 ± 2.457 0.694 ± 0.027 21.400 ± 1.568 0.788 ± 0.071 0.829 ± 0.051
Laser 2.382 ± 0.084 3.017 ± 0.146 23.010 ± 2.158 0.758 ± 0.026 25.300 ± 1.643 0.774 ± 0.069 0.855 ± 0.030
control 2.979 ± 0.104 3.759 ± 0.131 26.700 ± 1.447 1.140 ± 0.022 54.100 ± 1.874 0.747 ± 0.049 0.851 ± 0.027
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decrease it significantly, while laser, RTB and UCF showed weaker
ability in smoothing surface. Furthermore, for hybrid parameters, UM
posted the strongest effect on changing surface morphology but SSC had
similar surface alteration ability with laser, RTB and UCF.

Both proliferation and adhesive strength on M surfaces was higher
than on SAE surfaces. These results lead to consistent conclusions that
proliferation and adhesion increase as surface roughness decrease. We
also observed decrease of proliferation and adhesive strength when
decontamination was performed on M surface which make it rough, and
increase of proliferation and adhesive strength when decontamination
was performed on SAE surface which make it less rough. Among all the
decontamination treatments, laser has the optimal performance that
least change M surface and smooth SAE surface. Ayobian-Markazi et al.
(Ayobian-Markazi, Karimi, & Safar-Hajhosseini, 2015) found that laser
could reduce roughness on SAE surface and do not impair the bio-
compatibility of the SAE titanium surfaces. Besides, using laser on SAE
surfaces seem to enhance the expression of wound healing and tissue

Fig. 2. Results of HGFs proliferation assay.

Fig. 3. Results of HGFs adhesion strength measurements.

Fig. 4. RNA and proteins expression of HGFs (FAK, ITGB1, COL1A1, FN1).
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sealing related gene expression. Sema et al. (Hakki & Bozkurt, 2012)
studied the effect of laser on the proliferation and mRNA expression of
HGFs. It was concluded that laser treatment could facilitate wound
healing by regulating mRNA expression of HGFs. (Ayobian-Markazi
et al., 2015) In other literatures (Kreisler, Christoffers, Willershausen, &
d’Hoedt, 2003; Pourzarandian, Watanabe, Ruwanpura, Aoki, &
Ishikawa, 2005; Saygun et al., 2008), laser therapy could also improve
proliferation of HGFs. The results of the present study showed that laser
decontamination make SAE surface less rough and increase the ex-
pression of COL1A1, FAK, FN1 and ITGB1. As a decontamination
treatment, laser has been reported effective at removing biofilms on
implant (Friedmann, Antic, Bernimoulin, & Purucker, 2006; Takasaki
et al., 2007; Yamamoto & Tanabe, 2013). Based on these evidences, it is
suggested that laser is a good choice that can both disinfect the implant
surface and enhance cell behavior of HGFs. Moreover, it is worth
mentioning that laser-related parameters still need to be studied to
achieve the best clinical outcome (Alshehri, 2016).

There are some limitations of the present study. First, as an in vitro
study, we couldn’t simulate the complex oral microenvironment and
validate our conclusions in vivo. Second, we didn’t study the effect of
various decontamination methods for disinfection but only focused on
their effect on Ti disc surface and HGFs. The clinical use of deconta-
mination treatments demands more investigations on the condition and
related using parameters to improve peri-implant wound healing and
soft-tissue sealing. Thirdly, we studied HGFs from only one patient,
which could limit the extrapolation of this study due to the variation in
cellular response. Last but not least, in our study, all the techniques
adopted were from clinical treatments procedures, which were rela-
tively technique-sensitive. Even though with the development of in-
struments, which are more user friendly and less complex of necessary
techniques, individual variations (e.g. Force, angles, distance judgment
et al.) still exist and may exert influence on final results. So when trying
to transit our results to finally clinical effects, it should be quite careful
and more in-depth experiments are still necessary.

5. Conclusions

Within the limitation of this in vitro study, it might be concluded
that:

(1) Decontamination treatments on both M and SAE Ti discs alter
surface microstructure and roughness.

(2) Decontamination treatments influence proliferation and adhesion
of HGFs on M surface and SAE surface.

(3) Laser might be an optimal decontamination treatment which has
the least negative effect on M surface and the most positive effect on
SAE surface.

References

Al-Hashedi, A. A., Laurenti, M., Benhamou, V., & Tamimi, F. (2017). Decontamination of
titanium implants using physical methods. Clinical Oral Implants Research, 28(8),
1013–1021. http://dx.doi.org/10.1111/clr.12914.

Alshehri, F. A. (2016). The role of lasers in the treatment of peri-implant diseases: A
review. Saudi Dental Journal, 28(3), 103–108. http://dx.doi.org/10.1016/j.sdentj.
2015.12.005.

An, N., Rausch-fan, X., Wieland, M., Matejka, M., Andrukhov, O., Schedle, A., et al.
(2012). Initial attachment, subsequent cell proliferation/viability and gene expres-
sion of epithelial cells related to attachment and wound healing in response to dif-
ferent titanium surfaces. Dental Materials, 28(12), 1207–1214. http://dx.doi.org/10.
1016/j.dental.2012.08.007.

Atsuta, I., Ayukawa, Y., Kondo, R., Oshiro, W., Matsuura, Y., Furuhashi, A., et al. (2016).
Soft tissue sealing around dental implants based on histological interpretation.
Journal of Prosthodontic Research, 60(1), 3–11. http://dx.doi.org/10.1016/j.jpor.
2015.07.001.

Ayobian-Markazi, N., Karimi, M., & Safar-Hajhosseini, A. (2015). Effects of Er: YAG laser
irradiation on wettability, surface roughness, and biocompatibility of SLA titanium
surfaces: An in vitro study. Lasers in Medical Science, 30(2), 561–566. http://dx.doi.
org/10.1007/s10103-013-1361-y.

Baharloo, B., Textor, M., & Brunette, D. M. (2005). Substratum roughness alters the

growth, area, and focal adhesions of epithelial cells, and their proximity to titanium
surfaces. Journal of Biomedical Materials Research Part A, 74(1), 12–22. http://dx.doi.
org/10.1002/jbm.a.30321.

Baltriukiene, D., Sabaliauskas, V., Balciunas, E., Melninkaitis, A., Liutkevicius, E.,
Bukelskiene, V., et al. (2014). The effect of laser-treated titanium surface on human
gingival fibroblast behavior. Journal of Biomedical Materials Research Part A, 102(3),
713–720. http://dx.doi.org/10.1002/jbm.a.34739.

Biagini, G., Checchi, L., Pelliccioni, G. A., & Solmi, R. (1992). In vitro growth of peri-
odontal fibroblasts on treated cementum. Quintessence International, 23(5), 335–340.

Bruckmann, C., Walboomers, X. F., Matsuzaka, K., & Jansen, J. A. (2005). Periodontal
ligament and gingival fibroblast adhesion to dentin-like textured surfaces.
Biomaterials, 26(3), 339–346. http://dx.doi.org/10.1016/j.biomaterials.2004.02.
031.

Brunette, D. M., & Chehroudi, B. (1999). The effects of the surface topography of mi-
cromachined titanium substrata on cell behavior in vitro and in vivo. Journal of
Biomechanical Engineering, 121(1), 49–57.

Brunot, C., Grosgogeat, B., Picart, C., Lagneau, C., Jaffrezic-Renault, N., Ponsonnet, L.,
et al. (2008). Response of fibroblast activity and polyelectrolyte multilayer films
coating titanium. Dental Materials, 24(8), 1025–1035. http://dx.doi.org/10.1016/j.
dental.2007.11.022.

Cabral, M. C., Costa, M. A., & Fernandes, M. H. (2007). In vitro models of periodontal
cells: A comparative study of long-term gingival, periodontal ligament and alveolar
bone cell cultures in the presence of beta-glycerophosphate and dexamethasone. The
Journal of Materials Science: Materials in Medicine, 18(6), 1079–1088. http://dx.doi.
org/10.1007/s10856-007-0134-1.

Chehroudi, B., Gould, T. R., & Brunette, D. M. (1989). Effects of a grooved titanium-
coated implant surface on epithelial cell behavior in vitro and in vivo. Journal of
Biomedical Materials Research, 23(9), 1067–1085. http://dx.doi.org/10.1002/jbm.
820230907.

Chehroudi, B., Gould, T. R., & Brunette, D. M. (1990). Titanium-coated micromachined
grooves of different dimensions affect epithelial and connective-tissue cells differ-
ently in vivo. Journal of Biomedical Materials Research, 24(9), 1203–1219. http://dx.
doi.org/10.1002/jbm.820240906.

Flemmig, T. F. (1999). Periodontitis. Annals of Periodontology, 4(1), 32–38. http://dx.doi.
org/10.1902/annals.1999.4.1.32.

Friedmann, A., Antic, L., Bernimoulin, J. P., & Purucker, P. (2006). In vitro attachment of
osteoblasts on contaminated rough titanium surfaces treated by Er: YAG laser. Journal
of Biomedical Materials Research Part A, 79(1), 53–60. http://dx.doi.org/10.1002/
jbm.a.30699.

Hakki, S. S., & Bozkurt, S. B. (2012). Effects of different setting of diode laser on the
mRNA expression of growth factors and type I collagen of human gingival fibroblasts.
Lasers in Medical Science, 27(2), 325–331. http://dx.doi.org/10.1007/s10103-010-
0879-5.

Kim, S. S., Wen, W., Prowse, P., & Hamilton, D. W. (2015). Regulation of matrix re-
modelling phenotype in gingival fibroblasts by substratum topography. Journal of
Cellular and Molecular Medicine, 19(6), 1183–1196. http://dx.doi.org/10.1111/jcmm.
12451.

Kramer, P. R., Janikkeith, A., Cai, Z., Ma, S., & Watanabe, I. (2009). Integrin mediated
attachment of periodontal ligament to titanium surfaces. Dental Materials, 25(7),
877–883. http://dx.doi.org/10.1016/j.dental.2009.01.095.

Kreisler, M., Christoffers, A. B., Willershausen, B., & d’Hoedt, B. (2003). Effect of low-
level GaAlAs laser irradiation on the proliferation rate of human periodontal ligament
fibroblasts: An in vitro study. Journal of Clinical Periodontology, 30(4), 353–358.

Lekic, P., & McCulloch, C. A. (1996). Periodontal ligament cell population: The central
role of fibroblasts in creating a unique tissue. Anatomical Record, 245(2), 327–341.
http://dx.doi.org/10.1002/(SICI)1097-0185(199606)245:2<327:AID-AR15>3.0.
CO;2-R.

Mahato, N., Wu, X., & Wang, L. (2016). Management of peri-implantitis: A systematic
review, 2010–2015. Springerplus, 5, 105. http://dx.doi.org/10.1186/s40064-016-
1735-2.

McCulloch, C. A., Lekic, P., & McKee, M. D. (2000). Role of physical forces in regulating
the form and function of the periodontal ligament. Periodontol, 24, 56–72.

Moon, I. S., Berglundh, T., Abrahamsson, I., Linder, E., & Lindhe, J. (1999). The barrier
between the keratinized mucosa and the dental implant. An experimental study in the
dog. Journal of Clinical Periodontology, 26(10), 658–663.

Oates, T. W., Maller, S. C., West, J., & Steffensen, B. (2005). Human gingival fibroblast
integrin subunit expression on titanium implant surfaces. Journal of Periodontology,
76(10), 1743–1750. http://dx.doi.org/10.1902/jop.2005.76.10.1743.

Palaiologou, A. A., Yukna, R. A., Moses, R., & Lallier, T. E. (2001). Gingival, dermal, and
periodontal ligament fibroblasts express different extracellular matrix receptors.
Journal of Periodontology, 72(6), 798–807. http://dx.doi.org/10.1902/jop.2001.72.6.
798.

Pjetursson, B. E., Asgeirsson, A. G., Zwahlen, M., & Sailer, I. (2014). Improvements in
implant dentistry over the last decade: Comparison of survival and complication rates
in older and newer publications. International Journal of Oral and Maxillofacial
Implants, 308–324. http://dx.doi.org/10.11607/jomi.2014suppl.g5.2.

Pourzarandian, A., Watanabe, H., Ruwanpura, S. M., Aoki, A., & Ishikawa, I. (2005).
Effect of low-level Er: YAG laser irradiation on cultured human gingival fibroblasts.
Journal of Periodontology, 76(2), 187–193. http://dx.doi.org/10.1902/jop.2005.76.2.
187.

Rustad, K. C., Wong, V. W., & Gurtner, G. C. (2013). The role of focal adhesion complexes
in fibroblast mechanotransduction during scar formation. Differentiation, 86(3),
87–91. http://dx.doi.org/10.1016/j.diff.2013.02.003.

Rutkunas, V., Bukelskiene, V., Sabaliauskas, V., Balciunas, E., Malinauskas, M.,
Baltriukiene, D., et al. (2015). Assessment of human gingival fibroblast interaction
with dental implant abutment materials. The Journal of Materials Science: Materials in

J. Cao et al. Archives of Oral Biology 87 (2018) 204–210

209

http://dx.doi.org/10.1111/clr.12914
http://dx.doi.org/10.1016/j.sdentj.2015.12.005
http://dx.doi.org/10.1016/j.sdentj.2015.12.005
http://dx.doi.org/10.1016/j.dental.2012.08.007
http://dx.doi.org/10.1016/j.dental.2012.08.007
http://dx.doi.org/10.1016/j.jpor.2015.07.001
http://dx.doi.org/10.1016/j.jpor.2015.07.001
http://dx.doi.org/10.1007/s10103-013-1361-y
http://dx.doi.org/10.1007/s10103-013-1361-y
http://dx.doi.org/10.1002/jbm.a.30321
http://dx.doi.org/10.1002/jbm.a.30321
http://dx.doi.org/10.1002/jbm.a.34739
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0040
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0040
http://dx.doi.org/10.1016/j.biomaterials.2004.02.031
http://dx.doi.org/10.1016/j.biomaterials.2004.02.031
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0050
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0050
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0050
http://dx.doi.org/10.1016/j.dental.2007.11.022
http://dx.doi.org/10.1016/j.dental.2007.11.022
http://dx.doi.org/10.1007/s10856-007-0134-1
http://dx.doi.org/10.1007/s10856-007-0134-1
http://dx.doi.org/10.1002/jbm.820230907
http://dx.doi.org/10.1002/jbm.820230907
http://dx.doi.org/10.1002/jbm.820240906
http://dx.doi.org/10.1002/jbm.820240906
http://dx.doi.org/10.1902/annals.1999.4.1.32
http://dx.doi.org/10.1902/annals.1999.4.1.32
http://dx.doi.org/10.1002/jbm.a.30699
http://dx.doi.org/10.1002/jbm.a.30699
http://dx.doi.org/10.1007/s10103-010-0879-5
http://dx.doi.org/10.1007/s10103-010-0879-5
http://dx.doi.org/10.1111/jcmm.12451
http://dx.doi.org/10.1111/jcmm.12451
http://dx.doi.org/10.1016/j.dental.2009.01.095
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0100
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0100
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0100
http://dx.doi.org/10.1002/(SICI)1097-0185(199606)245:2<327:AID-AR15>3.0.CO;2-R
http://dx.doi.org/10.1002/(SICI)1097-0185(199606)245:2<327:AID-AR15>3.0.CO;2-R
http://dx.doi.org/10.1186/s40064-016-1735-2
http://dx.doi.org/10.1186/s40064-016-1735-2
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0115
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0115
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0120
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0120
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0120
http://dx.doi.org/10.1902/jop.2005.76.10.1743
http://dx.doi.org/10.1902/jop.2001.72.6.798
http://dx.doi.org/10.1902/jop.2001.72.6.798
http://dx.doi.org/10.11607/jomi.2014suppl.g5.2
http://dx.doi.org/10.1902/jop.2005.76.2.187
http://dx.doi.org/10.1902/jop.2005.76.2.187
http://dx.doi.org/10.1016/j.diff.2013.02.003


Medicine, 26(4), 169. http://dx.doi.org/10.1007/s10856-015-5481-8.
Saygun, I., Karacay, S., Serdar, M., Ural, A. U., Sencimen, M., Kurtis, B., et al. (2008).

Effects of laser irradiation on the release of basic fibroblast growth factor (bFGF),
insulin like growth factor-1 (IGF-1), and receptor of IGF-1 (IGFBP3) from gingival
fibroblasts. Lasers in Medical Science, 23(2), 211–215. http://dx.doi.org/10.1007/
s10103-007-0477-3.

Schmidt, K. E., Auschill, T. M., Heumann, C., Frankenberger, R., Eick, S., Sculean, A.,
et al. (2017). Influence of different instrumentation modalities on the surface char-
acteristics and biofilm formation on dental implant neck, in vitro. Clinical Oral
Implants Research, 28(4), 483–490. http://dx.doi.org/10.1111/clr.12823.

Stadlinger, B., Hintze, V., Bierbaum, S., Moller, S., Schulz, M. C., Mai, R., et al. (2012).
Biological functionalization of dental implants with collagen and glycosaminogly-
cans-A comparative study. Journal of Biomedical Materials Research Part B: Applied
Biomaterials, 100(2), 331–341. http://dx.doi.org/10.1002/jbm.b.31953.

Subramani, K., & Wismeijer, D. (2012). Decontamination of titanium implant surface and

re-osseointegration to treat peri-implantitis: A literature review. International Journal
of Oral and Maxillofacial Implants, 27(5), 1043–1054.

Takasaki, A. A., Aoki, A., Mizutani, K., Kikuchi, S., Oda, S., Ishikawa, I., et al. (2007). Er:
YAG laser therapy for peri-implant infection: A histological study. Lasers in Medical
Science, 22(3), 143–157. http://dx.doi.org/10.1007/s10103-006-0430-x.

Werner, S., Huck, O., Frisch, B., Vautier, D., Elkaim, R., Voegel, J. C., et al. (2009). The
effect of microstructured surfaces and laminin-derived peptide coatings on soft tissue
interactions with titanium dental implants. Biomaterials, 30(12), 2291–2301. http://
dx.doi.org/10.1016/j.biomaterials.2009.01.004.

Wiesen, R. M., Padial-Molina, M., Volk, S. L., McDonald, N., Chiego, D., Jr., Botero, T.,
et al. (2015). The expression of periostin in dental pulp cells. Archives of Oral Biology,
60(5), 760–767. http://dx.doi.org/10.1016/j.archoralbio.2015.02.008.

Yamamoto, A., & Tanabe, T. (2013). Treatment of peri-implantitis around TiUnite-surface
implants using Er:YAG laser microexplosions. International Journal of Periodontics and
Restorative Dentistry, 33(1), 21–30.

J. Cao et al. Archives of Oral Biology 87 (2018) 204–210

210

http://dx.doi.org/10.1007/s10856-015-5481-8
http://dx.doi.org/10.1007/s10103-007-0477-3
http://dx.doi.org/10.1007/s10103-007-0477-3
http://dx.doi.org/10.1111/clr.12823
http://dx.doi.org/10.1002/jbm.b.31953
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0170
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0170
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0170
http://dx.doi.org/10.1007/s10103-006-0430-x
http://dx.doi.org/10.1016/j.biomaterials.2009.01.004
http://dx.doi.org/10.1016/j.biomaterials.2009.01.004
http://dx.doi.org/10.1016/j.archoralbio.2015.02.008
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0190
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0190
http://refhub.elsevier.com/S0003-9969(17)30390-4/sbref0190

	Influence on proliferation and adhesion of human gingival fibroblasts from different titanium surface decontamination treatments: An in vitro study
	Introduction
	Material and methods
	Discs preparation and decontamination treatments
	Surface analysis
	Cell culture
	Cell proliferation
	Adhesive strength
	RNA analysis
	Enzyme-linked immunoabsorbent assay (ELISA)
	Statistical analysis

	Results
	Discussion
	Conclusions
	References




