
ORIGINAL ARTICLE

In vitro effects of photobiomodulation applied to gingival fibroblasts
cultured on titanium and zirconia surfaces and exposed to LPS
from Escherichia coli

Taisa Nogueira Pansani1 & Fernanda Gonçalves Basso2
& Carlos Alberto de Souza Costa3

Received: 3 December 2019 /Accepted: 4 June 2020
# Springer-Verlag London Ltd., part of Springer Nature 2020

Abstract
Photobiomodulation (PBM) therapy is used to stimulate cell proliferation and metabolism, as well as reduce inflammatory
cytokine synthesis, which plays a main role in the long-term stability of implants. This study assessed the response of gingival
fibroblasts cultured on titanium (Ti) and zirconia (ZrO2), submitted to PBM and exposed to lipopolysaccharide (LPS). Cells
seeded on Ti and ZrO2 were irradiated (InGaAsP; 780 nm, 25 mW) 3 times, using 0.5, 1.5, and 3.0 J/cm2 doses, and exposed to
Escherichia coli LPS (1μg/mL). After 24 h, cell viability (alamarBlue, n = 8), interleukin 6 (IL-6) and 8 (IL-8) synthesis (ELISA,
n = 6), and IL-6 and vascular endothelial growth factor (VEGF) gene expression (qPCR, n = 5) were assessed and statistically
analyzed (one-way ANOVA, α = 0.05). Cell morphology was evaluated by fluorescence microscopy. Increased cell viability
occurred in all groups cultured on Ti compared with that of the control, except for cells exposed to LPS. Fibroblasts cultured on
ZrO2 and LPS-exposed exhibited reduced viability. PBM at 3.0 J/cm2 and 1.5 J/cm2 downregulated the IL-6 synthesis by
fibroblasts seeded on Ti and ZrO2, as well as IL-8 synthesis by cells seeded on ZrO2. Fibroblasts seeded on both surfaces and
LPS-exposed showed increased IL-6 gene expression; however, this activity was downregulated when fibroblasts were irradiated
at 3.0 J/cm2. Enhanced VEGF gene expression by cells seeded on Ti and laser-irradiated (3.0 J/cm2). Distinct patterns of
cytoskeleton occurred in laser-irradiated cells exposed to LPS. Specific parameters of PBM can biomodulate the inflammatory
response of fibroblasts seeded on Ti or ZrO2 and exposed to LPS.
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Introduction

Dental implant abutments are the main prosthetic components
that promote the connection between the dental crown and the

implant surgically installed in the bone. Since these compo-
nents are in direct contact with the oral soft tissues, their bio-
compatibility and local biological sealing ensure the success
of the treatment [1].

The biological sealing (BS) is defined as the intimate inter-
action between gingival epithelium, connective tissue, and the
surface of implant components. The function of BS is to pre-
vent local bacterial contamination at the implant-tissue inter-
face, preventing soft tissue recession and underlying bone
crest resorption, which are relevant factors for the long-term
success of dental implants [2, 3]. Direct attachment of the
connective tissue to the abutment surface is necessary to en-
able the occurrence of adequate BS [4]. It has already been
demonstrated that some soft tissue parameters such as tissue
phenotype, mucosal height with approximately 3 mm, and the
amount of keratinized mucosa are very important to ensure the
health of peri-implant tissues. Insufficient keratinized mucosa
promotes higher accumulation of plaque, gingival index
scores, epithelial migration, and attachment loss around the
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implants which may be the result of poor adhesion of the peri-
implant tissue to the abutment surface [5].

However, when an infectious/inflammatory process is
established in the connective tissue around the implant com-
ponents, it is commonly known as peri-implant mucositis
(PIM) [6]; the cells lose their adhesion to the abutment, trig-
gering migration of the epithelium and compromising es-
thetics [7, 8]. Thus, the formation of an effective and biolog-
ically functional BS capable of resisting against bacterial in-
filtration is a challenge to maintaining the implant rehabilita-
tion esthetics and function.

Previous studies showed that photobiomodulation (PBM)
may enhance cell metabolism and proliferation as well as col-
lagen and protein synthesis. This therapy also increases angio-
genesis and causes over-expression of growth factors by the
cells exposed to light irradiation [9–13]. PBM therapy using
laser seems to stimulate bone and mucosal tissue healing
around dental implants. Specific laser irradiation parameters
improve cell adhesion to Ti and ZrO2 surfaces, stimulate cell
proliferation and metabolism, and reduce inflammatory cyto-
kine synthesis, which play a main role in the long-term stabil-
ity of implants [14, 15]. Therefore, the use of PBM may be
suggested to accelerate the cell adhesion process and stimulate
synthesis of the extracellular matrix molecules and other types
of proteins, in addition to cell proliferation, thereby supporting
the formation an effective biological barrier after the insertion
of dental implant abutments [14].

The composition, chemical and physical properties, and
biocompatibility of materials used to produce abutments in-
fluence the quantity, type, conformation, and orientation of
the membrane-bound proteins involved in adhesion between
the oral mucosal tissue and abutment surfaces [16]. Although
fibroblast adhesion to polished surfaces of titanium (Ti) and
zirconia (ZrO2) occurs in a similar manner, it remains unclear
whether PBM can improve cell adhesion by inducing more
effective biological sealing (BS) on the two types of surfaces,
in addition to modulating the synthesis of inflammatory cyto-
kines produced by the cells when they are in the presence of
inflammatory stimuli.

Therefore, the aim of this investigation was to evaluate
whether specific parameters of PBM can upregulate the me-
tabolism and influence the inflammatory response of gingival
fibroblasts seeded on Ti and ZrO2 surfaces and then exposed
to Escherichia coli LPS stimulus.

Materials and methods

Ti and ZrO2 disc preparation methods

Standardized titanium (Ti) and zirconia (ZrO2) discs (ICE
ZIRKON transluzente plus, Zirkonzahn, Italy) measuring
8 mm in diameter and 2 mm thickness were polished with

400, 600, 1200 (Ti discs), and 2000 (ZrO2 discs) grit abrasive
papers dampened with deionized water to eliminate grooves
resulting from machining procedures [17]. After being
polished, the Ti discs were cleaned according to a protocol
defined by Park et al. [18]. The ZrO2 discs were submitted to
the specific sintering furnace procedure.

Primary culture of gingival fibroblasts

A primary culture of gingival fibroblasts was obtained from
gingival tissue donated by a healthy young patient (22 years
old) during a surgical tooth extraction procedure (approved by
the Research Ethics Committee of the Araraquara School of
Dentistry - UNESP (CAEE: 55629215.7.0000.5416). Cells
were isolated using an enzymatic cleavage method with col-
lagenase type I (Worthington Biochemical Corp., Lakewood,
NJ, USA) diluted in culture medium DMEM (Dulbecco’s
Modified Eagle’s Medium, Gibco, Carlsbad, CA, USA) with-
out fetal bovine serum (FBS, Gibco) [13, 19].

Cell culture

Gingival fibroblasts were cultured (5 × 104 cells/disc) on the
Ti and ZrO2 discs placed in wells of 24-well plates (TPP)
using DMEM containing 10% FBS. After this, the cells were
irradiated using the LASERTable device (InGaAsP, 780 ±
3 nm, 0.025 W) [10, 20, 21]. This device features 12 laser
diodes (InGaAsP) which are activated simultaneously en-
abling standardization for parallel irradiation. The laser pa-
rameters used in this study were low fluence (infrared at
780 ± 3 nm) and continuous mode operation at 0.025 W of
power. Three irradiations were performed with 24-h intervals
between them. The irradiation area was 2 cm2 per sample, at a
distance of 2.5 cm between the laser diode and cells, with
energy densities of 0.5, 1.5, and 3 J/cm2. Based on the follow-
ing formula: energy density = power × exposure time × area−1

and the fixed parameters (power and area), it was determined
the exposed times for each energy dose established.

After the third irradiation, the DMEM was replaced by a
fresh culture mediumwithout FBS, and the cells were exposed
or not to the inflammatory stimulus using 1 μg/mL of
Escherichia coli LPS (E. coli LPS), according to the groups
presented in Table 1. Fibroblasts seeded on polished Ti and
ZrO2 discs, without treatment (PBM and/or LPS exposition)
were considered control groups. After 24 h, the experimental
protocols were performed. The experimental design can be
found in the Supplementary material (please see the
“experimental_design” file and its documentation).

Cell viability (alamarBlue®, n = 8)

A solution of 450 μL of FBS-free DMEM containing 50 μL
of alamarBlue® (Invitrogen, Eugene, Oregon, USA) was
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applied to the cells seeded on Ti and ZrO2 discs, individually
placed in wells of 24-well plates. After 4-h incubation, two
aliquots of 100 μL were obtained from each well and then
transferred to wells of 96-well plates. Cell fluorescence was
determined using a fluorimeter (Synergy - H1 - Biotek
Winooski, VT, USA), at the wavelengths of 570 and 600 nm.

IL-6 and IL-8 synthesis (ELISA, n = 6)

The synthesis of inflammatory interleukins (IL-6 and IL-8)
was assessed by enzyme-linked immunosorbent assay
(ELISA), based on an antigen-antibody reaction, according
to the manufacturer’s recommendations (R&D Systems,
Minneapolis MN, USA).

IL-6 and VEGF gene expression (qPCR, n = 5)

For gene expression analysis, the 3.0 J/cm2 laser dose of PBM
was selected to investigate the IL-6 and VEGF gene expres-
sion based on IL-6 and IL-8 synthesis results, which demon-
strated better interleukin modulation using the highest dose of
irradiation compared with other doses tested. RNA isolation
was performed using RNAqueous Kit (Applied Biosystems,
Foster City, CA, USA) filtration system. The RNA quantifi-
cation of each sample was determined in a spectrophotometer
(Take 3 System - Synergy H1). For gene expression analysis,
the 3.0 J/cm2 laser dose of PBM was selected to investigate
the IL-6 and VEGF gene expression based on IL-6 and IL-8
synthesis results, which demonstrated better interleukin mod-
ulation using the highest dose of irradiation compared with
other doses tested. RNA isolation was performed using
RNAqueous Kit (Applied Biosystems, Foster City, CA,

USA) filtration system. The RNA quantification of each sam-
ple was determined in a spectrophotometer (Take 3 System -
Synergy H1). For 1 μg of each RNA sample obtained, the
cDNA was synthesized using the High-Capacity cDNA
Reverse Transcriptase Kit (Applied Biosystems, Grand
Island, NY, USA). The cDNA amplification was performed
according to the manufacturer’s instructions (Applied
Biosystems) by a thermal cycling (Thermocycler, Bio-Rad,
Hercules, CA, USA) at 25 °C (10 min), 37 °C (120 min),
85 °C (5 s), and 4 °C (∞).

After cDNA synthesis, the expression of the genes coding
the IL-6 and VEGF was evaluated by quantitative PCR.
Reactions were prepared according to the manufacturer’s rec-
ommendations using TaqMan Universal PCR Master Mix re-
agents (Applied Biosystems) as well as target-specific primers
and probes (TaqMan assay). Fluorescence readings were per-
formed using a Step One Plus Thermocycler equipment
(Applied Biosystems) and analyzed by the Step One
Software 2.1 (Applied Biosystems). All reactions were nor-
malized according to the expression of the selected endoge-
nous gene (βactin), and the results were represented as fold
change.

Evaluation of phalloidin expression and cell spreading
by fluorescence microscopy

Initially, the gingival fibroblasts were washed with 1× PBS
and fixed in 4% paraformaldehyde for 10 min. After this, the
cell membrane was permeabilized with 0.1% Triton X-100 for
15 min followed by incubation with the phalloidin
fluorophore (Alexa Fluor®, Life Technologies, Eugene, OR,
USA) for 20 min at concentrations indicated by the manufac-
turer for labeling of the cellular cytoskeleton. Nuclear counter
tagging was carried out using the Hoechst fluorescent probe
(Invitrogen) prepared at a concentration of 1: 5000 in buffered
saline (1X PBS). Thus, the samples were analyzed under a
fluorescence microscope (Leica, DMI4000B, Leica
Microsystems, Wetzlar, Germany).

Statistical analysis

All experiments carried out in this laboratorial study, ex-
cept qPCR, were performed at 2 different occasions for cell
viability and protein synthesis. The final number of repli-
cates was 8 for cell viability, 6 for IL-6 and IL-8 synthesis,
and 5 for gene expression. The number of replicates by
protocol/group was based on papers published in high-
impact journals and previous experiments performed in
our laboratory. Regarding blinding, only the researcher
who performed the statistical analysis was blinded, that
is, she was not aware of which data corresponded to each
experimental group. Data from the alamarBlue, IL-6 and
IL-8 synthesis (ELISA), and IL-6 and VEGF gene

Table 1 Experimental groups

Groups Surface Treatment

G1 Titanium No treatment (control)

G2 Titanium LPS

G3 Titanium 0.5 J/cm2

G4 Titanium 1.5 J/cm2

G5 Titanium 3.0 J/cm2

G6 Titanium 0.5 J/cm2 + LPS

G7 Titanium 1.5 J/cm2 + LPS

G8 Titanium 3.0 J/cm2 + LPS

G9 Zirconia No treatment (control)

G10 Zirconia LPS

G11 Zirconia 0.5 J/cm2

G12 Zirconia 1.5 J/cm2

G13 Zirconia 3.0 J/cm2

G14 Zirconia 0.5 J/cm2 + LPS

G15 Zirconia 1.5 J/cm2 + LPS

G16 Zirconia 3.0 J/cm2 + LPS
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expression (qPCR) assays were subjected to Shapiro-Wilk
normality test, Levene homoscedastic test, and the para-
metric ANOVA test complemented by the Tukey or
Games-Howell test for pairwise group comparison. The
significance level of 5% was established for statistical in-
ferences. For qualitative analysis carried out in fluores-
cence microscopy, the results were descriptive.

Results

Increased cell viability was observed in all experimental
groups in which the cells were seeded on the Ti surface com-
pared with the respective control group, except for the group
in which the fibroblasts were exposed to E. coli LPS
(P < 0.05; Fig. 1a). Only the cells seeded on ZrO2 surfaces
and exposed to LPS inflammatory stimulus exhibited reduc-
tion in cell viability (P < 0.05; Fig. 1b). In general, fibroblasts
cultured on ZrO2 surfaces and submitted to laser irradiation
showed approximately half of the viability observed for the
cells seeded on Ti surfaces and laser-irradiated.

Enhanced IL-6 synthesis was observed in almost all groups
in which gingival fibroblasts were seeded on Ti surfaces in
comparison with the control group (P < 0.05; Fig. 2a). Cells
irradiated with a dose of 3.0 J/cm2 and either exposed to
E. coli LPS or not did not differ from the control group
(P > 0.05; Fig. 2a). In general, cells seeded on Ti surfaces
showed higher IL-6 synthesis values than those cells cultured
on ZrO2 irrespective of the treatments (LLLT or LPS) per-
formed (Fig. 2 a and b).

Cells seeded on Ti surfaces had increased IL-8 synthesis,
mainly in the groups in which the fibroblasts were exposed to
E. coli LPS and then irradiated with laser at doses of 0.5 J/cm2

and 1.5 J/cm2 (Fig. 2c). Enhanced IL-8 synthesis was ob-
served in the group in which cells seeded on ZrO2 were ex-
posed to LPS. This interleukin synthesis was more effectively
modulated by the laser irradiation of cells at 1.5 J/cm2 dose
(Fig. 2d).

For fibroblasts seeded on Ti and ZrO2 surfaces, the IL-6
gene expression increases occurred when the cells were ex-
posed to LPS (P < 0.05). However, the PBM of cells at a dose
of 3.0 J/cm2 was capable of modulating this IL-6 gene expres-
sion (Fig. 3 a and b). In general, fibroblasts seeded on ZrO2

surfaces showed higher IL-6 gene expression in the control
and LPS groups compared with cells seeded on Ti surfaces
(Fig. 3b).

Enhanced VEGF gene expression was observed in fibro-
blasts seeded on Ti surfaces and then submitted to PBM at a
dose of 3.0 J/cm2 (Fig. 3c). However, cells seeded on ZrO2

surfaces and laser-irradiated exhibited no difference relative to
VEGF gene expression when comparedwith the control group
(Fig. 3d). In general, the expression of this growth factor was
upregulated by the laser irradiation of cells seeded on Ti in
comparison with ZrO2 surfaces.

Fluorescence microscopy analysis demonstrated an in-
creased number of fibroblasts and reduced cell cytoskeletal
labeling in the groups in which the cells were seeded on Ti
and ZrO2 surfaces and then exposed to E. coli LPS, indicating
low cell spreading values for both substrates. However, the
groups in which fibroblasts were either exposed to E. coli LPS
or not, and submitted to PBM at a dose of 3.0 J/cm2, a larger
number of cells were observed on Ti and ZrO2 surfaces. These
cells exhibited higher cytoskeletal labeling values when com-
pared with those of the control and LPS groups, demonstrating
that PBM induced cell proliferation and spreading on the sub-
strates (Fig. 4).

Discussion

Fibroblasts play an important and comprehensive role in tissue
healing. These cells secrete a large amount of extracellular
matrix (ECM) components, such as collagen and proteogly-
cans, which can fill wound defects creating conditions for
complete tissue repair [22, 23]. Therefore, the main purpose
of the present study was to assess and compare the metabolism

Fig. 1 aViability of cultured gingival fibroblasts on Ti discs. bViability of cultured gingival fibroblasts on ZrO2 discs. (% control group), n = 8; groups
identified by different letters are statistically different from each other (Tukey, P < 0.05)
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Fig. 2 a Synthesis of IL-6 by gingival fibroblasts cultured on Ti discs. (%
control group), n = 6; groups identified by different letters are statistically
different from each other (Tukey, P < 0.05). b Synthesis of IL-6 by gin-
gival fibroblasts cultured on ZrO2 discs. (% control group), n = 6; groups
identified by different letters are statistically different from each other
(Games-Howell, P < 0.05). c Synthesis of IL-8 by gingival fibroblasts

cultured on Ti discs. (% control group), n = 6; groups identified by dif-
ferent letters are statistically different from each other (Tukey, P < 0.05).
d Synthesis of IL-8 by gingival fibroblasts cultured on ZrO2 discs. (%
control group), n = 6; groups identified by different letters are statistically
different from each other (Tukey, P < 0.05)

Fig. 3 a Gene expression of IL-6 by gingival fibroblasts cultured on Ti
discs. n = 5; groups identified by different letters are statistically different
from each other (Tukey, P < 0.05). bGene expression of IL-6 by gingival
fibroblasts cultured on ZrO2 discs. n = 5; groups identified by different
letters are statistically different from each other (Tukey, P < 0.05). cGene

expression of VEGF by gingival fibroblasts cultured on Ti discs. n = 5;
groups identified by different letters are statistically different from each
other (Tukey, P < 0.05). d Gene expression of VEGF by gingival
fibroblasts cultured on ZrO2 discs. n = 5; groups identified by different
letters are statistically different from each other (Tukey, P < 0.05)
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of human gingival fibroblasts seeded on Ti and ZrO2 surfaces,
submitted to laser irradiation and then exposed to inflamma-
tory stimulus with LPS. Cell viability analysis showed a dif-
ferent behavior depending on the substrate on which the cells
were cultured (Ti or ZrO2).

Fibroblasts seeded on Ti surfaces and irradiated with laser
showed greater viability than that observed in the control
group (Fig. 1a) irrespective of whether they were exposed to
E. coli LPS stimulus or not. Cells seeded on ZrO2 discs, either
submitted to PBM or not, and exposed to LPS had decreased
viability (Fig. 1b). These different cellular behaviors could be
attributed to thematerials used as substrate. It has already been
demonstrated that fibroblasts attach mainly to microgrooves
present on the Ti surface, indicating that this type of material
may be interesting to use for manufacturing implant abut-
ments since it creates a better biological seal in the
transmucosal area [24]. In addition, cells exhibited better ad-
hesion to Ti placed in an aqueous environment since hydroxyl
groups were formed on the Ti surface favoring the adsorption
of proteins present in the cells [25]. The reduced viability
observed in fibroblasts seeded on ZrO2 surfaces and exposed
to LPS may be related to the difficulty of these cells adhering
to this specific material surface due to the metabolic changes
caused by mitogen-activated protein kinase (MAPK) signal-
ing pathway, which mediates cell proliferation and cell sur-
vival [26].

Previous studies demonstrated that fibroblasts stimulated
with LPS activate the synthesis of Toll-like receptor 4
(TLR4) and lipopolysaccharide-binding protein (LBP), which
are responsible for producing inflammatory cytokines that
play a role in the innate immune response [25, 27].
Fibroblasts seeded on Ti and ZrO2 surfaces and exposed to
LPS showed higher levels of IL-6 and IL-8 synthesis com-
pared with those of the control group. This cell function was
downregulated in the groups in which the fibroblasts were
previously irradiated with laser, especially at a dose of 3.0 J/
cm2. Increased synthesis of pro-inflammatory mediators pres-
ent in acute inflammation, such as IL-6 and IL-8, has been
observed in other in vitro studies, in which cultured cells were
exposed toE. coliLPS [28, 29]. A study has been reported that

during gingival tissue inflammation, the increased expression
of IL-6 and IL-8/CXCL8 by epithelium cells induced an in-
tense local recruitment of polymorphonuclear cells, mainly
neutrophils [30]. However, the exacerbated synthesis of these
inflammatory mediators reduced the mitogenic and migratory
activities of oral mucosa cells, as previously demonstrated by
Basso et al. [29] and Pansani et al. [21]. In the present in vitro
study, enhanced IL-6 gene expression occurred in the groups
in which cells were seeded on Ti and ZrO2 surfaces and ex-
posed to LPS. This result was corroborated by the data obtain-
ed using the ELISA immunoassay. Therefore, the authors de-
termined that the IL-6 gene expression was increased in this
investigation and that this interleukin was specifically
synthetized by fibroblasts. In the groups in which the fibro-
blasts were irradiated with laser at a dose of 3.0 J/cm2 and
exposed to LPS,modulation of IL-6 gene expression occurred,
irrespective of the type of surface on which the cells were
seeded. These data ratify the biomodulator potential of
PBM, which can prevent, or at least, reduce the occurrence
of local inflammation.

Changes in the cytoskeleton and increased number of cells
were observed in this study when gingival fibroblasts were
seeded on Ti and ZrO2 surfaces and exposed to LPS compared
with their respective control groups. These results seem to
indicate a discrete cytopathic effect of LPS, which is capable
of interfering with cellular functions. However, when fibro-
blasts were seeded on both Ti and ZrO2 surfaces, then irradi-
ated with laser at a dose of 3.0 J/cm2 and either exposed to
LPS or not, higher cytoskeleton labeling and cell proliferation
values were observed. Similar data have previously been
shown by Garrido et al. [31], when laser irradiation at a dose
of 3.0 J/cm2 delivered to pulp cells enhanced the fibronectin
synthesis as well as increased the mitochondria and rough
endoplasmic reticulum in the laser-irradiated cells. Based on
these interesting findings, the authors considered the further
clinical use of PBM to be promising and justifiable for im-
proving cell adhesion and downregulating the local tissue
inflammation.

Although most studies have described the intracellular ef-
fects of infrared laser on mitochondrial cytochrome c oxidase,

Fig. 4 Images of gingival
fibroblasts cultured on Ti and
ZrO2 discs (cytoskeleton in red,
actin red; and nucleus in blue,
Hoechst). Fluorescence
microscopy (× 100
magnification)
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Tang et al. [32] demonstrated that PBM acts in the signaling
pathway of transforming growth factor beta 1 (TGF-β1) and
induces the expression of human β-defensin 2 (HBD-2)
which participates in wound healing and immunomodulation
process [32, 33]. TGF-β promotes wound re-epithelialization,
inducing keratinocyte migration, stimulating extracellular ma-
trix deposition, and contracting the wound by myofibroblasts
present in the tissue [34].

The increased VEGF gene expression is directly related to
endothelial cell proliferation, an event that results in local
neovascularization, inflammatory cell chemotaxis, and exu-
date extravasation [35]. In this study, enhanced VEGF gene
expression was observed in cells seeded on Ti surfaces and
submitted to PBM at a dose of 3.0 J/cm2, demonstrating that
this specific therapy activates cellular and molecular events
capable of contributing to tissue vascularization. This study
obtained data similar to that of das Neves et al. [36]. The
authors used the same irradiation parameters to assess the
in vivo potential of this therapy to increase the expression of
VEGF, by immunohistochemistry assay. In the present study,
decreased VEGF gene expression was observed in the groups
in which fibroblasts were seeded on ZrO2 surfaces, laser-irra-
diated, and either exposed to LPS or not, in comparison with
the group exposed to LPS. However, no difference was found
between all experimental groups and the control (Fig. 4d).

As the distance between the laser tip and the target area
increases, the delivered energy is scattered over a larger area,
intensely affecting power density at a cellular level [20].
Therefore, if the target area is larger than the laser tip diameter,
it is recommended a sequence of punctual irradiations to cover
the entire area. In the present study, the laser tip was kept 2 cm
distant from the bottom of the well of 24-well plates. This is
because between each laser diode of the LASERTable device
and the bottom of awell, a pair of lenses is placed to promote the
divergence of the laser beam. These lenses allow the irradiation
of the entire bottom of the well, and therefore, all cells adhered
to that area are irradiated with a single laser application.
Preliminary tests proved that the irradiation delivered was the
same at any point of the well bottom as reported previously [20].

Despite that limitation, it was observed that different cell
responses occurred when fibroblasts were seeded on Ti and
ZrO2 surfaces, demonstrating that biological sealing may be
affected by the material used to produce the abutment. The
presence of inflammatory stimulus, such as E. coli LPS, may
affect signaling pathways that mediate cell proliferation and
survival. Such as described by de Souza Costa et al. [37], data
from in vitro studies cannot be directly extrapolated to clinical
situations. However, the fact that specific laser irradiation pa-
rameters stimulated adhesion and metabolism of gingival fi-
broblasts seeded on different substrates indicated that this type
of phototherapy may be further assessed in vivo with the pur-
pose of determining its role in biological barrier formation
after prosthetic rehabilitations.

Conclusion

According to the methodology used in this laboratory study,
the authors could conclude that specific parameters of PBM
upregulate the metabolism as well as biomodulate the inflam-
matory response of gingival fibroblasts seeded on Ti or ZrO2

surfaces and exposed to infectious agents. These exciting
laboratorial data may drive the development of clinical proto-
cols capable of stimulating the adhesion of mucous cells to the
surface of abutments, improving the biological seal and
preventing the installation of a persistent local inflammatory
process.
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