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Abstract: Titanium shows optimal biocompatibility properties; however, its gray color may be a limit
for aesthetic results of dental rehabilitations. Some surface treatments that change the color of the
material have been proposed. The aim of this study is to, in vitro, investigate the biocompatibility
of the surfaces subjected to titanium nitride (NiT) coating and anodic-oxidized (AO) treatment and
their propensity to impair bacterial proliferation. The viability of primary human gingival fibroblasts
(HGFs) has been evaluated through a methyl thiazolyl tetrazolium (MTT) assay in three experimental
groups: uncoated titanium (UNCOATED), titanium nitride (NiT)-coated surface, and anodic-oxidized
(AO) titanium. Bacterial proliferation experiments were performed using a Streptococcus gordonii
clinical isolate in contact with the three different above-mentioned materials. The treated surfaces
(NiT and AO) showed a significantly higher fibroblast proliferation than the uncoated titanium alloy
(p < 0.05). In contrast, Streptococcus gordonii growth was significantly higher on the untreated titanium
(p < 0.05).
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1. Introduction
Dental implants are commonly used in dentistry in case of prosthetic rehabilitation of missing
teeth. They act as an artificial root for the retention of overlying full or partial prosthesis. A key
element in implant-supported restorations is represented by the abutment, a connecting element that
is able to link fixture and dental prosthesis [1].
Long term success of dental implant restoration depends both on osseointegration, documented
almost with 50 years of clinical practice [1,2], and soft tissue healing around the abutment [3]. As far
as we know, the attachment of soft tissue around the abutment acts as a seal, preventing bacterial
invasion into underlying bone [3,4]. Because the soft tissue attachment plays a primary role for the
long-term outcome of the dental implant, abutment material should have excellent biological and
physical properties [5].
Titanium represents the most commonly used material for dental implant abutment manufacture,
because of its biocompatibility, corrosion resistance, mechanical properties, low immunogenic potential,
and resistance to plaque accumulation [6].
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providing an attachment substrate for colonization and biofilm accretion by potential pathogens, such as
member of the commensal oral microbiota that has been involved in early colonization of metal surfaces,
Porphyromonas gingivalis, one of possible pathogens responsible for peri-implantitis [13–15].
providing an attachment substrate for colonization and biofilm accretion by potential pathogens,
The study purpose is to investigate, in vitro, the biological behavior of three different surfaces:
such as Porphyromonas gingivalis, one of possible pathogens responsible for peri-implantitis [13–15].
titanium NiT, AO, and uncoated titanium. In particular, it aims to assess differences in (i) primary
Thegingival
study purpose
is (HGF)
to investigate,
in vitro,
behavior
ofgrowth.
three different surfaces:
human
fibroblast
proliferation
andthe
(ii)biological
Streptococcus
gordonii
titanium NiT, AO, and uncoated titanium. In particular, it aims to assess differences in (i) primary
human
gingival fibroblast (HGF) proliferation and (ii) Streptococcus gordonii growth.
2. Results
2. Results
2.1. Fibroblasts Metabolic Activity and Proliferation
2.1. Fibroblasts
Metabolic
Activity
and Proliferation
The results
of the methyl
thiazolyl
tetrazolium (MTT) test provided data on biocompatibility of
the surfaces
in terms
of viability
of fibroblasts
seeded
disks of
three
experimental groups.
The results
of the methyl
thiazolyl
tetrazolium
(MTT)on
testthe
provided
data
on biocompatibility
of the
Figure
1
summarizes
obtained
results
at
three
time
points
(24,
48,
and
72
h),
revealing
significant
surfaces in terms of viability of fibroblasts seeded on the disks of three experimental
groups.
Figure 1
differences between
treated
surfaces
(NiT
and(24,
AO)48,
and
the
titanium
(p < 0.05).
On the
summarizes
obtainedthe
results
at three
time
points
and
72uncoated
h), revealing
significant
differences
contrary,
no
difference
emerged
between
the
titanium
nitride
(NiT)
or
anodic-oxidized
(AO)
between the treated surfaces (NiT and AO) and the uncoated titanium (p < 0.05). On the contrary,
treatment
in
terms
of
cellular
proliferation
(p
=
0.689,
p
=
0.985,
and
p
=
0.3049,
respectively
for
24 h,
no difference emerged between the titanium nitride (NiT) or anodic-oxidized (AO) treatment in terms
48 cellular
h, and 72
h).
of
proliferation
(p = 0.689, p = 0.985, and p = 0.3049, respectively for 24 h, 48 h, and 72 h).

Figure 1. The methyl thiazolyl tetrazolium (MTT) assay of human gingival fibroblasts (HGFs) cultured
on
the investigated
surfaces,
measured
at three
timepoints
(24,
48, and
72 h). fibroblasts
ns: no statistically
Figure
1. The methyl
thiazolyl
tetrazolium
(MTT)
assay of
human
gingival
(HGFs)
significant
difference;
*
p
<
0.05.
cultured on the investigated surfaces, measured at three timepoints (24, 48, and 72 h). ns: no

statistically significant difference; * p < 0.05.

2.2. Streptococcus Gordonii Growth

The analyzed
Streptococcus
2.2. Streptococcus
Gordonii
Growth gordonii was able to form colonies on all three studied materials.
Statistically significant differences in the amount of bacterial formation were found among groups.
The analyzed Streptococcus gordonii was able to form colonies on all three studied materials.
Statistically significant differences in the amount of bacterial formation were found among groups.

Prosthesis 2020, 2
Prosthesis 2020, 1, FOR PEER REVIEW

335
3

In
Inparticular,
particular,the
thenumber
numberof
ofStreptococcus
Streptococcusgordonii
gordoniiviable
viablecells,
cells,expressed
expressedin
incolony-forming
colony-formingunit
unit(CFU)
(CFU)
per
recoveredfrom
from
biofilm
formed
on NiT
andwas
AOsignificantly
was significantly
lower compared
to
per disk recovered
biofilm
formed
on NiT
and AO
lower compared
to uncoated
uncoated
titanium
< 0.05)2).
(Figure
2). In addition,
direct comparison
and AO
titanium disks
(p <disks
0.05)(p
(Figure
In addition,
the directthe
comparison
between between
NiT and NiT
AO revealed
revealed
NiTthe
showed
lowest
bacterial although
formation,
although
close to
that NiT that
showed
lowestthe
amount
ofamount
bacterialofformation,
results
wereresults
close towere
the threshold
the
thresholdsignificance
of statistical(psignificance
of statistical
= 0.061). (p = 0.061).

Figure 2. Streptococcus gordonii viable cells (expressed in CFU/disk) recovered from bacterial plaque
formed2.on
uncoated titanium,
and
AO.
* p < 0.05.in CFU/disk) recovered from bacterial plaque
Figure
Streptococcus
gordonii NiT,
viable
cells
(expressed

formed on uncoated titanium, NiT, and AO. * p < 0.05.

3. Discussion

3. Discussion
The success of the long-term survival of a dental implant can only be achieved by an excellent
integration of the implant with both hard and soft tissues of the oral cavity. While the main requirement
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of the dental implant fixture is its osseointegration capacity [1,2], the implant abutment must meet
integration of the implant with both hard and soft tissues of the oral cavity. While the main
the requirements of both biocompatibility and aesthetics in its interface with gingival tissues [16].
requirement of the dental implant fixture is its osseointegration capacity [1,2], the implant abutment
Since the introduction of dental implantology, many materials have been proposed for the fabrication
must meet the requirements of both biocompatibility and aesthetics in its interface with gingival
of dental abutments, starting with titanium, dental ceramics, or titanium surface treatments in
tissues [16]. Since the introduction of dental implantology, many materials have been proposed for
order to better meet the aesthetic requirements, which are very relevant in some clinical situations.
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Among these, nitride coating and anodic-oxidation of the titanium surface allow us to obtain a change
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in color of the material, which, from the dark gray of the untreated titanium, turns to yellow-gold or
situations. Among these, nitride coating and anodic-oxidation of the titanium surface allow us to
green, respectively, after the specific surface treatment. However, beyond a better aesthetic result,
obtain a change in color of the material, which, from the dark gray of the untreated titanium, turns
the abutment surface must maintain maximum biocompatibility with oral tissues, minimizing bacterial
to yellow-gold or green, respectively, after the specific surface treatment. However, beyond a better
adhesion and proliferation. In this regard, the present study aimed to investigate how three different
aesthetic result, the abutment surface must maintain maximum biocompatibility with oral tissues,
surfaces (NiT, AO, and untreated titanium) influence fibroblast proliferation and bacterial growth
minimizing bacterial adhesion and proliferation. In this regard, the present study aimed to
when in contact in vitro. The experiments resulted in a significantly better proliferation of human
investigate how three different surfaces (NiT, AO, and untreated titanium) influence fibroblast
gingival fibroblasts in contact with the treated surfaces, compared to the uncoated titanium, at every
proliferation and bacterial growth when in contact in vitro. The experiments resulted in a
timepoint observation. Such results are consistent with the previous researches available in the
significantly better proliferation of human gingival fibroblasts in contact with the treated surfaces,
literature [8,11,17]. No significant difference emerged from the comparison between the NiT and AO
compared to the uncoated titanium, at every timepoint observation. Such results are consistent with
groups. Similarly, a recent study comparing uncoated Ti6Al4V, anodized and coated with titanium
the previous researches available in the literature [8,11,17]. No significant difference emerged from
nitride or zirconium nitride abutments, found a superimposable fibroblasts adhesion and proliferation
the comparison between the NiT and AO groups. Similarly, a recent study comparing uncoated
on all the surfaces. [18]
Ti6Al4V, anodized and coated with titanium nitride or zirconium nitride abutments, found a
From a clinical point of view, a high compatibility with the gingival fibroblasts ensures a better
superimposable fibroblasts adhesion and proliferation on all the surfaces. [18]
mucous seal around the implant fixture and therefore a better barrier for protection of the underlying
From a clinical point of view, a high compatibility with the gingival fibroblasts ensures a better
hard tissue structures and the implant itself [19].
mucous seal around the implant fixture and therefore a better barrier for protection of the underlying
Another factor investigated in this study was referred to the bacterial colony formations on the
hard tissue structures and the implant itself [19].
treated surfaces.
Another factor investigated in this study was referred to the bacterial colony formations on the
treated surfaces.
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Streptococcus gordonii is an early bacterial colonizer, known to play a crucial role in facilitating
bacterial adhesion of middle colonizers (Fusobacterium nucleatum) and late colonizers (Porphyromonas
gingivalis) [13–15,20,21]. The accumulation of bacterial plaque on the abutment surface has negative
consequences, including inflammation, which, in the long run, can lead to implant loss. For this reason,
the micro- and macroscopic characteristics of the surface must be such as to minimize bacterial adhesion.
Since Streptococcus gordonii has been demonstrated to be fundamental for the initial colonization of
abutment and dental surfaces by other bacterial species [13], its growth on investigated surfaces was
evaluated. In our bacterial formation model, Streptococcus gordonii growth (number of viable cells
recovered per disks) was notably lower on the NiT and AO surfaces than on the untreated titanium.
Furthermore, in the direct comparison between the treated groups, NiT showed the lowest amount of
bacterial proliferation, although results were close to the threshold of statistical significance. From the
available studies, in which several bacterial species were investigated, including Streptococcus salivarius,
S. sanguinis, S. mutans, S. sobrinus, and S. oralis, it emerged that biofilm formation was reduced on
zirconium nitride surfaces and titanium nitride surfaces compared to untreated titanium [18]. For this
purpose, some new materials, such as silicon nitride, have been proposed, showing better mechanical
performance and antibacterial properties [22].
Obtained results encourage further investigations in order to better understand the biologic and
clinical behaviors of such different materials.
The limitations of the study regard a limited number of investigated surfaces, as well as the bacterial
species involved in the experiments. Furthermore, the experimental conditions do not reproduce the
oral environment, where the biological conditions are peculiar. Therefore, surely, further investigations
must be conducted, taking into account these considerations.
4. Materials and Methods
Three types of surfaces have been analyzed in this in vitro study: uncoated machined titanium
alloy (UNCOATED), NiT-coated surface, and AO titanium. High disks at 8 and 5 mm diameter
were manufactured by RHEIN 83 S.R.L. The nitriding process of coating was accomplished using the
physical vapor deposition (PVD) method. Anodization was performed by applying a current of 2.2 A
at a voltage of 62.8 V in a 5% phosphoric acid solution for 10 min.
4.1. Cell Culture and MTT Assay
Primary human gingival fibroblasts (HGFs) were purchased from ATCC® PCS-201-018™. The cells
were cultured in fibroblast basal medium (ATCC® PCS-201-030™) until confluence. The cells were
then harvested using Trypsin treatment and seeded in 24 well-plates containing the experimental
disks. In particular, 500 µL of fibroblast basal medium, containing 1 × 105 cells, were put in each well,
containing a disk. Three disks per experimental Group (UNCOATED, NiT, AO), provided by Rhein
83 s.r.l. (Bologna, Italy), were used in each plate. In the free wells, sterile phosphate buffered saline (PBS)
was added to maintain humidity. The plates were then incubated at 37 ◦ C with 5% CO2 . The evaluation
of cell viability on the experimental disks was performed at three time points (24, 48, and 72 h).
For this purpose, at each time point, the disks were transferred in empty wells, 500 µL of new growth
medium was added, and a methyl thiazolyl tetrazolium (MTT) assay [23] was performed. The MTT
assay evaluated the activity of mitochondrial reductase through the conversion of the water-soluble
yellow dye MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) to an insoluble purple
formazan. The last dye was then solubilized and the concentration was determined by optical density
at 570 nm. All data were obtained in three independent experiments.
4.2. Biofilm Formation Experiments
The bacterial strain used in this study was a Streptococcus gordonii clinical isolate obtained from
blood cultures in a patient who was diagnosed with endocarditis in 2017.
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The bacterial isolate was grown in non-selective blood agar plates Columbia agar +5% sheep
blood (bioMérieux, Marcy l0 Etoile, France) and incubated at 35 ◦ C under aerobic conditions in CO2
10% atmosphere for 24 h.
A suspension of the bacterial isolate was prepared from single colonies transferred in sterile saline
to reach a concentration of 108 CFU/mL, measuring optical density at 600 nm. The suspension was than
diluted by 1:100 in modified brain heart infusion (brain heart infusion broth (37 g/L), mucin from porcine
stomach type III (Sigma–Aldrich Chemie GmbH, Buchs, Switzerland) (2.5 g/L), yeast extract (1 g/L),
L-cysteine (0.1 g/L), sodium bicarbonate (2 g/L) and supplemented with hemin (5 mg/L), menadione
(1 mg/L), and glutamic acid (0.25%)). The CFU/mL count was verified in by plating 100 µL aliquot
from serial dilutions on non-selective blood agar plates, in triplicate.
A total of 5 mL of the bacterial suspension, prepared as described above, was dispensed in wells
of polystyrene cell culture 6-well plates (Sarstedt, Nümbrecht, Germany), each containing a couple of
disks per experimental group (UNCOATED, NiT and AO, respectively). Plates were then incubated in
aerobic conditions in CO2 10% atmosphere at 35 ◦ C, with a change to fresh medium at 48 h intervals.
After 4 days, biofilm formed on disks was gently washed twice with PBS (NaCl 137 mM,
KCl 2.7 mM, Na2HPO4 10 mM, KH2PO4 2 mM, pH 7.4) to detach cells that were not forming part of
the biofilm and to remove the culture medium.
After washing, each disk was transferred in 15 mL sterile tubes containing 1.5 mL of tryptic soy
broth (TSB), supplemented with 0.1% Tween 20 (Sigma–Aldrich) and sonicated for 30 min in a SONICA
Ultrasonic cleaner apparatus (SOLTEC, Milano, Italy). Mean cultivable cell counts per disc (CFU/disc)
were then determined by plating 10 µL of appropriate dilutions of the recovery medium onto tryptic
soy agar (TSA) and incubating for 24 h at 35 ◦ C in CO2 10%. Data were obtained from 3 independent
experiments, with 2 replicates per condition per experiment [24,25].
4.3. Statistical Analysis
Statistical analysis was performed using GraphPad Prism software 8.3.1 (GraphPad Software,
LLC. San Diego, CA, USA). The normality of data distribution was evaluated by means of the
Kolmogorov–Smirnov test and probability plot graph. Statistical significance among different groups
was determined through one-way analysis of variance (ANOVA), followed by multiple comparisons
with the Tukey test, establishing a level of statistical significance for a p-value lower than 0.05. The
Kruskal–Wallis test, with Dunn0 s correction multiple comparison tests, was used to assess differences
of biofilms formed on different materials.
5. Conclusions
Titanium discs with nitride coating or anodic oxidation treatment showed high biocompatibility
with gingival fibroblasts in vitro. Furthermore, the NiT and AO disks demonstrated a reduced bacterial
adhesion on their surface, compared to the untreated titanium. Further in vitro and in vivo studies are
necessary to confirm these conclusions.
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