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Abstract: Peri-implantitis continues to be one of the major reasons for implant failures. We propose
a new approach for incorporating MTA into Zirconia implant surfaces with Nd:YAG laser and
investigate the biological response of peri-implant cells as well as the microbiological response.
Discs of Zirconia stabilized with Yttria and Titanium were produced according 4 tested groups:
Nd:YAG laser textured Zirconia coated with MTA (Zr MTA); Nd:YAG laser textured Zirconia (Zr
Textured); Zirconia and Titanium discs (Zr and Ti ). Contact profilometry was used to evaluate
surface roughness. Human osteoblasts, gingival fibroblasts and S. oralis were cultured on samples.
Cell adhesion and morphology, cell viability, cell differentiation markers and bacterial growth were
assessed. Zr Textured roughness was significantly higher compared to all other groups. Cellular
adhesion was observed at 1 day in all samples in both cell lines. Osteoblasts viability was lower in
Zr MTA group, unlike fibroblasts viability was shown to be higher in Zr MTA group compared to
Zr Textured group at 3 and 7 days. Osteocalcin and IL-8 release by osteoblasts were higher in Zr
MTA. Zr Textured showed higher IL-8 values released by fibroblasts. No differences in S. oralis
CFUs were observed between groups. The results suggest that Zirconia implant surfaces coated
with MTA seems to promote fibroblasts proliferation and osteoblasts differentiation, however does
not appear to have antibacterial properties.

Keywords: mineral trioxide aggregate; dental implant; zirconia; osteoblasts; fibroblasts

1. Introduction

There are several factors involved in failure of rehabilitation using dental implants. The bacterial
colonization is one of the major reasons of implant loss, and it is a necessary condition for the
development of peri-implantitis. Peri-implantitis is characterized by inflammation in the tissues
surrounding an osseointegrated implant, resulting in the progressive loss of supporting bone [1,2].
In this sense, the biological seal surrounding the implant is considered an important factor for the
successful maintenance of peri-implant health [3].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The literature suggests that the epithelial barrier formed by the peri-implant tissues is of lower
quality compared to the junctional epithelium [3]. This limitation can be explained by the fact that
the attachment between the implant surface and the non-keratinized peri-implant epithelium by
internal basal lamina and hemidesmosomes being limited to the most apical area of the implant-
tissue interface. Additionally, the orientation of collagen fibers in the peri-implant connective tissue,
mostly circular or oblique, also contributes to the formation of a poor epithelial barrier when
compared to Sharpey’s fibers that are perpendicular to the tooth surface [3].

Although Titanium alloys are the most used as implant material, Zirconia has revealed
biological and mechanical properties similar to Titanium with superior aesthetic characteristics to the
latter [4,5]. These characteristics of Zirconia could be an advantage when it comes to rehabilitation in
the anterior jaw and in cases where patients are sensitive to metal [5]. Additionally, the literature has
reported that corrosion of Titanium implant can change the oral microbiome. On the other hand,
several in vitro studies that have compared Zirconia and Titanium have demonstrated that Zirconia
surfaces can lead to a significant decrease in the adhesion of periodontal pathogens [5]. Despite all
the beneficial properties previously described, Zirconia is a biologically inert material [6]. In this
sense, several surface treatments techniques and protocols have been developed with the aim of
increasing its bioactivity, namely sandblasting, acid etching, lasers, and surface coatings [4,6]. In
addition to the base material, implant surface treatments can significantly influence the success of
osseointegration [6].

With the aim of optimizing the biological response, inhibiting bacterial adhesion and biofilme
formation on implant and abutment surfaces, several strategies involving mechanisms of repulsion
or elimination of bacteria have been developed [7]. The first is based on the prevention of biofilm
formation, while the second consists of bacterial surfaces that lead to the disruption of bacterial cells
[7]. Surfaces functionalization with coatings that provide antibacterial properties is a potential
technique for eliminating bacteria adhered to implants and surrounding areas [7,8]. The coating acts
as reservoirs of bactericidal agents and allow their local release, contributing to a more efficient action
[7]. However, there is no defined optimal strategy to prepare antibacterial surfaces and for this
reason, it is essential develop and investigate different approaches combinations and characterize
these new surfaces [4].

Mineral Trioxide Aggregate (MTA) chemically consists of tricalcium silicate, dicalcium silicate,
tricalcium aluminum, tetra calcium aluminum ferrite, calcium sulfate and bismuth oxide [9-11]. Due
to its excellent chemical, physical and biological properties, in particular its biocompatibility and
osteoconductive potential, it has been used in Dentistry for over 20 years [9,11-21], in particular in
endodontic treatments [22]. Its uses is also recommended in vital pulp therapy to preserve the vitality
of dental pulp [23]. Simultaneously, and although there are controversial studies, several
demonstrate antibacterial and antifungal properties of this material [17,24,25]. Despite the potential
of MTA as an antibacterial agent, there are no studies of its use in implantology [26].

In this study, we proposed a new surface treatment approach that combines two techniques:
texturing using Nd:YAG laser and the use of MTA as a bioactive agent [27]. The use of laser to create
the texture is due to the fact that we can achieve a controlled texture without direct contact with the
surface, as shown in previously studies [28]. On the other hand, the surface texture is expected to
mechanically retain the MTA coating. In this sense, this study investigates the biological response of
peri implant cells in contact with MTA -coated Zirconia surfaces, as well as their microbiological
response.

2. Materials and Methods

2.1. Samples Processing

Zirconia discs were produced using the cold-pressing technique from a partially-stabilize
zirconia powder with uniform dispersion of 3 mol% yttria — TZ-3YB-E (Tosoh Corporation®, Tokyo,
Japan). Table 1 presented the chemical composition of Zirconia powder. Discs with 3 mm of thickness
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and 8 mm of diameter were compacted in a stainless-steel mold using a uniaxial pressure of 25 MPa

for 1 min.
Table 1. Chemical composition of TZ-3YB-E powder (according to manufacturer Tosoh
Corporation®, Tokyo, Japan).
Element Wt.%
ZrO2 + HfO2 + Y20 >99.9
Y205 5.15+0.20
ALO:s 0.25+0.10
SiO: =0.02
Fex0s =0.01
Na20 =0.04

Green test samples were laser textured using Nd:YAG laser (OEM Plus, Sisma, Italy), with a
focus distance of 328 mm, 3 um of focal spot size, 6 W of output power, a pulse width around 35 ns
and a wavelength of 1064 nm. Surface texture consisted in a square crosslinked pattern with 16 lines
in each direction over the surface (Figure 1). The texture was performed in normal air und
atmospheric pressure using the following laser parameters: power of 40% (2.4 W), a scan speed of
128 mm/s and three laser passages, based on previous work [29-31].

y 4 Nd:YAG

,/
\ laser

120 pm

\‘ (16L texture)

Figure 1. Schematic representation of the laser surface texturing process and the correspondent design
of texture.

Samples were then sintered for 2 h in a sintering furnace — Zirkonofen 700 (Zirkonzahn®, Italy)
at 1500 °C and with heating and cooling rate of 8 °C/min. At the end, surfaces were ultrasonically
cleaned for 1 min.

Mineral Trioxide Aggregate powder (MTA Angelus®, Angelus, Brazil) was used to produce the
bioactive coating in laser textured surfaces. Chemical composition of MTA was described in Table 2.

Table 2. Chemical composition of MTA powder (according to manufacturer MTA Angelus®,
Angelus, Brazil).

Element Wt.%
CaO 49.20
Si02 18.58

Bi2Os 8.26
AlOs 4.48

MgO 0.64
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4
503 0.19
Na:=0 1.32
Cl 0.51
H20 + COz 16.82

MTA powder was prepared according to the fabricator’s instructions and quantities. The MTA
creamy mixture was applied to the textured surface using a spatula. To enhance the adherence of the
coating to the surface, we created a home-made device composed of parallel bars attached to the
metallic support by means of springs (Figure 2).

“)

MTA coating

Zirconia substrate

Figure 2. Home-made device used to perform the pressing of the MTA coating.

The samples were placed inside the small blue tube strips, and a punch was positioned on the
uncoated side of the zirconia substrate (textured surface). The strips were then placed under the
intermediate screws of the developed device, and the pressure was applied for about 3-4 h, through
the grip of the screws. After that time, the pressure was released, and the MTA -coated zirconia
structured samples were kept inside the tubes for 24 h to ensure effective compaction of the coating.
At the end, the samples were removed and subjected to a highly energetic and aggressive ultrasonic
adhesion test for 1 min.

Titanium discs with 2 mm of thickness and 8 mm of diameter were produced from Ti grade V
(Ti6Al4V) powder using hot-pressing technique, according to previously described methods [8,32].
The mold containing powder was heated up to 1200 °C at 31 °C/min. At 1100 °C, the pressure on the
samples was raised up to 20 MPa for 30 min. Titanium discs were wet ground on SiC papers down
to 400 mesh, and then polished till a near-mirror finishing using aluminum oxide suspension (1 um).
Then samples were cleaned ultrasonically.

In this study, four sample groups were considered for comparison purposes of the experimental
results, as shown in Table 3.

Table 3. Sample groups designation and description.

Samples designation Description
Zr MTA MTA -coated laser textured Zirconia samples
Zr Textured Laser textured Zirconia samples
Zr Zirconia samples
Ti Titanium samples

2.2. Samples Characterization

2.2.1. Surface roughness

The Ra parameter — the arithmetic mean value between the peak and valley height values in the
effective roughness profile — was measured by a mechanical 2D profilometer (Surftest SJ 201,
Mitutoyo, Japan). Surface roughness was carried out according to ISO 4288:1996 standard.
Measurements were performed in different areas always changing the scanning directions. The
scanning speed used was 0.25 mm/s and 3 x 1.5 mm lines were scanned.
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2.3. Cell Cultures

Human fetal osteoblasts — hFOB 1.19 (ATCC®, CRL- 11372TM; American Culture Collection,
USA) were incubated in an controlled atmosphere of 5% of COz, 98% of humidity and temperature
of 37 °C with a culture medium composed of (1:1 v/v) of Ham’s F12 Medium (Sigma- Aldrich® USA)
and Dulbecco’s Modified Eagle’s Medium — DMEM (BioWhittaker®, LonzaTM, USA) supplemented
with 10% of fetal bovine serum - FBS (Biowest®, France) and 0.3 mg/mL of G418 (InvivoGen, France).

Immortalized Human Gingival Fibroblasts — HGF hTERT (T0026; Applied Biological Materials
Inc., Richmond, BC, Canada) were cultured under the same atmospheric conditions as osteoblasts in
a culture medium composed of DMEM (BioWhittaker®, Lonza™, USA) supplemented with 10% of
FBS (Biowest®, France), 100 U mL penicillin, and 100 pg/mL streptomycin (Lonza™, Switzerland).

When cells reach 80% of confluence, cells were detached using trypsin-EDTA (Lonza™,
Switzerland), centrifuged approximately 100 x g for 5 minutes and re-suspended in culture media.
Cells were cultured on discs, distributed in 48’well culture plates (Corning® USA) at a density of 1 x
10 cells/well for biological tests. The experiments were conducted using a fifth passage. Cells
cultured directly on treated polystyrene surface of the well were used as a positive control.

2.3.1. Cell Viability

Cell viability was evaluated (n=15) using Cell-Titer Blue® reagent (Promega, USA) - viability
assay based in resazurin conversion into a fluorescent product, according to the supplier’s
instructions. The conversion rate after 1, 3, 7 and 14 days of culture was quantified as fluorescence
intensity in arbitrary fluorescence units (AU). Fluorescence intensity was perceived at excitation
wavelength of 530/30nm and emission wavelength of 595/10nm using a multimode microplates
reader (VICTOR Nivo™ HH3500, PerkinElmer®, UK).

2.3.2. Cell Morphology

Osteoblasts and fibroblasts were cultured on discs for 1 day. Culture wells were washed with
Phosphate Buffered Saline — PBS (VWR®, USA) and then fixed with 2,5% glutaraldehyde (VWR®,
USA) for 1h. A dehydration process took place by serial dilution of ethanol. Samples were metallized
using a gold target in a JEOL JFC 1200 sputtering chamber. Samples were observed under JEOL
JSM5200-LV and secondary images were carried out at an acceleration voltage of 15 kV and 25 kV
and at different magnifications (100, 150, 180, 200x). Two calibrated researchers performed the image
analysis considering cell morphology and adhesion to the materials and cell spreading.

2.3.3. Interleukin 8

Interleukin 8 (IL-8) is an important neutrophil chemotactic factor in response to inflammation.
The quantification of IL-8 was achieved at 1 and 3 days of osteoblasts and fibroblasts cultures (n=4)
by Human IL-8/ CXCL8 DuoSet ELISA (R&D Systems, Inc., USA), using a multimode microplate
reader (VICTOR Nivo™ HH3500, PerkinElmer®, UK). The results were obtained in absorbance units
(AU) relative to the values of light intensity and were converted in pg/mL according to the calibration
curve performed.

2.3.4. Osteocalcin

Osteocalcin is a non-collagenous protein in bone and is expressed in osteoblasts. Osteocalcin
quantification was carried out in osteoblasts culture (n=4) after 1 and 3 days, using Human
Osteocalcin DuoSet ELISA (R&D Systems, Inc., USA), by a technique of luminescence. The results in
absorbance units (AU) were obtained using a multimode microplate reader (VICTOR Nivo™
HH3500, PerkinElmer®, UK ) and converted in pg/mL according to the curve of calibration
performed.

doi:10.20944/preprints202401.1540.v1
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2.4. Bacterial Strain and Growth Conditions

The Streptococcus oralis CECT 907T strain was cultured on a plate with an enriched blood agar in
an anaerobic atmosphere at 37 °C for 72 h, with a gas mixture of 10% CO2, 10% Hz, and the remainder
N:. Afterward, a single colony was transferred to 15 mL of Brain-Heart Infusion Modified Medium
(BHI-2) in anaerobic conditions at 37 °C until it reached the exponential growth phase. The optical
density (OD) of suspension was standardized to 0.4. and was measured at 550 nm using a Camspec
M50 spectrophotometer to confirm the growth.

2.4.1. Colony Forming Unit (CFU)

In this experiment, discs from all groups were randomly selected and placed in 24 -well plate
(Corning®, USA) with S. oralis in the exponential phase and incubated in anaerobic conditions at 37
°C. The efficacy of MTA as a bactericidal or bacteriostatic agent was assessed by counting the Colony
Forming Units (CFUs) after 24 h of S.oralis culture. To determine the number of viable bacterial cells
that adhered to the discs over time, the discs were washed once with filtered PBS (VWR®, USA) and
placed in a falcon with 3 mL of PBS (VWR®, USA). The falcon was then vortexed at 16 rpm x 100 for
1 minute, followed by ultrasonication for 4 minutes and another vertexing for 2 minutes at 16 rpm
x100. Ten-fold serial dilutions were made up to 106, and 20 uL of each dilution were plated in
triplicate on supplemented Brain-Heart Infusion Agar (BHIA), and were then incubated at 37 °C
under anaerobic conditions.

2.5. Statistical Analysis

Statistical analysis was conducted using IBM® SPSS® 27.0 statistics software for Mac (SPSS,
Chicago, USA). Kolmogorov-Smirnov test was used to test data for normality. Comparisons between
groups for roughness values, cell viability, interleukin 8, osteocalcin levels and CFUs were performed
using a factorial analysis of variance ANOVA or Kruskal-Wallis tests as appropriate. Significant
differences between groups were identified with Tukey’s post-hoc test. Significance level was set as
p<0.05. All data is presented as mean + standard deviation (SD).

3. Results
3.1. Samples charactetization

3.1.1. Surface roughness

Before biological assays, surface roughness measurement was performed for all samples.
Roughness values of Ra (um) presented as mean and standard deviation (SD) are described in Table
4. The results showed similar Ra values between Zr MTA, Zr and Ti samples, without no significant
differences between them (p>0.05). However, Zr Textured Ra values were significantly higher
comparing to the other groups (p<0.05).

Table 4. Roughness values — Ra (um) for Zr MTA, Zr Textured, Zr and Ti surfaces as mean and
standard deviation.

Sample Roughness — Ra (um) Standard deviation (um)
Zr MTA 0.31 0.11
Zr Textured 27.73* 3.22
Zr 0.19 0.14
Ti 0.49 0.14

Statistical significance: * p<0.05.
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3.2. Cell Culture

3.2.1. Cell Viability

Cell viability results were obtained for 1, 3, 7 and 14 days for osteoblasts culture and 1, 3 and 7
days for fibroblasts culture (as shown in Figure 3A and 3B, respectively). Cell viability decrease from
1 to 3 days of both cultures and then increased over time for all groups. On osteoblasts culture, Zr
MTA samples showed significantly lower viability (p<0.05, one-way ANOVA) unlike Ti group
showed significantly higher viability values compared to Zr MTA (1day), to Zr MTA, Zr Textured
and Zr (3days) and to Zr MTA and Zr (14days) (p<0.05, one-way ANOVA). Unlike osteoblast culture,
Zr MTA showed significantly higher values of fibroblasts viability comparing to Zr Textured at 3 and
7 days (p<0.05, one-way ANOVA).

A Osteoblasts Viability

B
2.5x109+ * 2%10°+

Fibroblasts Viability

2x10°
Zr MTA 1.6%10°7 |L| —
Zr Textured
Zr

Ti

Zr MTA
1.5%x10°

Zr Textured
1%109+
1x10°

5x108 5%108+

Fluorescence Intensity (AUs)

Fluorescence Intensity (AUs)

0- o

Figure 3. Bar graphs showing osteoblasts (A) and fibroblasts (B) viability measured on Zr MTA, Zr
Textured, Zr and Ti as mean exhibited in arbitrary units (AU) of fluorescence intensity. Standard
deviation (SD) was represented by error bars. Statistical significance: *p<0.05, one-way ANOVA.

3.2.2. Cell Morphology

SEM images (Figure 4) obtained on samples after 1 day of osteoblasts and fibroblasts cultures
are presented with the respective magnification. Images showed adherent cells in all samples after 1
day of culture in both osteoblasts and fibroblasts cultures. However, Zr MTA samples appear to have
fewer osteoblasts comparing to the other surfaces, unlike fibroblast cell bodies seems to be
homogeneously adhered to all samples. Concerning cell morphology, the images showed that
osteoblasts culture in Zr and Ti samples presented an elongated shape with some projecting
processes, while in Zr MTA and Zr Textured osteoblasts have a more prismatic cell conformation.
Fibroblasts presented a typical elongated veil-shape and filopodia formation, with an evidenced
higher cell bodies in Zr MTA and Zr Textured samples.

hFOB

hTERT

Figure 4. SEM micrographs with osteoblasts (hFOB) and fibroblasts (nTERT) cultured on surfaces at
1 day (100x, 150x, 180x and 200x magnification).

3.2.3. Interleukin 8
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Interleukin 8 secretion by osteoblasts and fibroblasts at 1 and 3 days was obtained and is
represented in Figure 5 as an interleukin 8 concentration/ cell viability ratio. The results revealed that
Zr MTA group showed significantly higher osteoblasts IL-8 secretion compared to Ti at 1 day, and at
3 days Ti group revealed significantly lower values comparing to Zr MTA, Zr Textured and Zr groups
(p<0.05, one-way ANOVA). Concerning fibroblasts IL-8 secretion, Zr Textured group showed
significantly higher values comparing to Zr and Ti at 1 day (p<0.05, one-way ANOVA) and comparing
to all groups at 3 days of culture (p<0,05, one-way ANOVA).

A Osteoblasts Interleukin 8/ Cell Viability Ratio > B Fibroblasts Interleukin 8/ Cell Viability Ratio
2.5%10-8+ g 1.5%106
E
2x10-6+ * 8
1 - Zr MTA §
0 N 1x106
£ 1510 = ziTextwed % - ZrMTA
3 5= L Zr Textured
T = Zr 3 E ,:l—\
C S %104 ) .
=28 = Ti d 5x107
3 . 3 = T
2 5x107 -
£
0- z E 0
@' Y H @ ¢
N4 o £ F ,585\

Figure 5. Bar graphs showing osteoblasts (A) and fibroblasts (B) interleukin 8 secretion as a mean
concentration expressed in pg/mL/UAs. Standard deviation (SD) was represented by error bars.
Statistical significance: *p<0.05, one-way ANOVA.

3.2.4. Osteocalcin

Osteocalcin results were also presented as osteocalcin concentration per cell viability (Figure 6).
The results showed an increased production of osteocalcin from day 1 to 3 in all groups. Although
no significant differences between groups were found at 1 day of culture and higher levels were
found in Zr MTA group compared to Zr and Ti groups at 3 days (p<0.05, one-way ANOVA).

Osteoblasts Osteocalcin/ Cell Viability Ratio

2

g 0.000003- "

£

[}

e

§;.,7 0.000002- m— Zr MTA
4 =) =3 Zr Textured
SE

i E_’ . . Zr
3° 0.000001 - — Ti

2

=

)

§ 0.000000-

9 D &

8 \b '58§

Figure 6. Bar graphs showing osteocalcin levels on osteoblasts culture as mean concentration
expressed in pg/mL/UAs. Standard deviation (SD) was represented by error bars. Statistical
significance: *p<0.05, one-way ANOVA.
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3.3. Bacterial Growth

3.3.1. Colony Forming Unit (CFU)

The CFUs per milliliter of Streptococcus oralis on the discs were evaluated at 24 hours of culture,
as shown in Figure 7. All samples showed CFU values around 10¢ and no statistically significant
differences were observed between groups (p>0.05, one-way ANOVA).

S. Oralis CFUs Assay

107_
2 105- — o
C
:.:105_
= . m Zr MTA
o10% -
E 5 3 Zr Textured
510 =
2 mE Zr
> 102
§ 1 — Ti
310 =

Figure 7. Bar graphs showing Streptococcus oralis growth measured as mean and expressed in CFU.
Standard deviation (SD) was represented by error bars.

4. Discussion

Despite continuous research on implant biomaterials improvements, bacterial colonization
continues to be one of the biggest causes of dental implant failure [4]. Zirconia dental implant surfaces
have demonstrated low bacterial colonization along with its biological, physical, and aesthetic
properties [4] However, Zirconia requires surface treatments to increase its bioactivity [6]. Surface
functionalization with coatings could be a possible approach for improve peri-implant cell response
and, simultaneously, reduce bacterial adhesion and consequently biofilm formation [7,8].

Due to its biological and antibacterial properties and its extensive use in Dentistry for more than
two decades [7,10-17], we proposed the use of MTA as an antibacterial coating and functionalization
approach for implant and abutment zirconia surfaces. In the present study, yttria-stabilized Zirconia
samples laser textured and coated with MTA were used with the aim of better understanding the
cellular behavior of peri-implant tissues in contact with these implant surfaces.

The MTA powder was prepared according to manufacturer’s protocol and the creamy mixture
were applied to the Nd:YAG laser textured surface using a spatula. The discs were placed inside a
tube in a home-device constructed to apply force for approximately 3-4h. Then, samples were left to
dry for 24h (MTA drying time). The adhesion of the cement to the surface was tested using an
energetic ultrasound for 1 minute.

In order to mimic the in vivo peri implant cell environment, immortalized human fetal
osteoblasts (hFOB 1.19) and immortalized human gingival fibroblasts (HGF hTERT) were used in this
study. Our results showed that osteoblasts viability was significantly lower in the Zr MTA group in
all measured timepoints. These values are in agreement with SEM images, which revealed smaller
quantity of osteoblasts adhered to the Zr MTA samples after 24 hours of culture compared to other
groups, contrary to what would be expected [13,14,18,29]. However, most published studies evaluate
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the cellular response in contact with MTA cement without being on a textured Zirconia implant
surface. Therefore, the comparison of our results with previous literature is limited. Interestingly,
although osteoblasts viability was lower in Zr MTA group, fibroblasts viability was shown to be
significantly higher in Zr MTA group compared to Zr Textured group at 3 and 7 days. The obtained
fibroblasts viability result is in line with a study by Khedmat et al. which evaluated the cell viability
of gingival fibroblasts in contact with MTA-Angelus [33]. The difference in cell viability between
osteoblasts and fibroblasts can be explained by the phagocytic activity of osteoblasts, which may
inhibit cell proliferation because cells keep their metabolic energy for the phagocytosis and
intracellular digestion [34]. Another possible explanation for the reduced number of osteoblasts in
the viability assay is the fact that the presence of MTA accelerates the process of differentiation of
osteoblasts and consequently reduces their proliferation [34,35]. There is also a third hypothesis to
explain this cell viability result, which is the fact that fibroblasts have a greater speed of adhesion
growth and proliferations compared to osteoblasts [28].

Although promising results have not been observed in Zr MTA group regarding the osteoblasts
viability, osteocalcin release was significantly higher in this group compared to the other groups at 3
days and significantly higher values of IL-8 release by osteoblasts were also observed compared to
the Ti group on the 1st day of culture. The existing literature [36] demonstrates that osteoblasts in
contact with MTA are stimulated to release greater amounts of cytokines (involved in bone turnover)
as well as osteocalcin — plays a regulatory role in the bone mineralization [37]. These results suggest
that although there are fewer osteoblasts in Zr MTA group, these osteoblasts are more differentiated,
supporting the previously described theory. Although fibroblasts viability values were significantly
higher in Zr MTA group at 3 and 7 days, IL-8 results showed that Zr Textured group showed
significantly higher values comparing to Zr and Ti groups at 1 day and comparing to all groups at 3
days of culture. These results suggest that MTA does not induce differentiation in fibroblasts, but the
texture associated with the increased surface roughness may help in this process.

In order to evaluate the antibacterial effect of MTA coating, we culture S. oralis on the samples.
The choice of this bacterial strain is because is one of the primary colonizers.

No differences in CFUs of S. oralis culture were observed between groups, suggesting that this
MTA coating technique does not seem to confer antibacterial properties to the samples. In vitro
studies in literature describe that zirconia surfaces can lead a significantly decrease of periodontal
microbiome adhesion when compared to titanium surfaces [5]. In our study, we were not able to
obtain these results —no differences were observed between zirconia and titanium surfaces (Figure 7).
However, the evaluation of bacterial growth was only carried out at a single time and the evaluation
of biofilm mass could have revealed differences should be considered in future works.

This study evaluates for the first time the effect of MTA -coated textured zirconia surfaces in cell
response of soft and hard human peri-implant tissues. The results of this study demonstrate that this
technique of coating samples with MTA appears to induce differentiation in osteoblasts, but the same
effect was not observed in fibroblasts, despite inducing their proliferation. Additionally, this MTA
coating technique does not appear to confer antibacterial properties to the samples. However, the
coating stability of this strategy was not optimal and that could impact the results. In this sense,
further studies with new approaches to incorporating MTA into implant surfaces, improved
mechanical and surface characterization methods and evaluation of cellular response should be
carried out. Beyond this, it should be noted that it is an in vitro study and in vivo cell behavior
integrated into complex biological systems should be evaluated to validate these findings.

5. Conclusions

The results obtained in this study demonstrated that despite the potential beneficial properties
of MTA regarding biocompatibility and antibacterial capacity, the proposed strategy of coating MTA
into textured zirconia implant surfaces does not seem to confer additional antibacterial properties to
the samples. However, the addition of MTA to Zirconia laser textured samples increased
differentiation in osteoblasts and fibroblasts proliferation.
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