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ABSTRACT

Photobiomodulation is recognized as an effective method for
adjunct therapy in periodontal treatments. Our purpose in
this study was to investigate the effects of different energy
densities of 915 nm diode laser on the viability and viability
capacity of human gingival fibroblast cells. Cell samples were
examined in five groups, including four irradiation groups
with low-level diode laser 915 nm, 1, 2, 3, 4 J cm�2 and a
control group (no Laser irradiation). Cell viability and viabil-
ity were measured 1, 3 and 5 days after irradiation by MTT
and DAPI assay. Statistical differences between groups at
any time were analyzed by one-way ANOVA and a post hoc
Turkey’s test. The cell viability and viability capacity
increased on the third day at an energy density of 3 J cm�2;
(P-value = 0.007) and the fifth day at energy densities of 2, 3
and 4 J cm�2 was recorded compared with the control group
(P-value = 0.000). Also, a significant decrease in the viability
and viability of irradiated cells with an energy density of
1 J cm�2 was found (P-value = 0.033). According to our
results, Photobiomodulation with 915 nm diode laser has a
positive stimulating effect on the viability and viability capac-
ity of human gingival fibroblast cells.

INTRODUCTION
Photobiomodulation is based on the use of light energy and its
conversion into biochemical energy to modify or stimulate nor-
mal cellular processes without causing thermal effects within the
treated tissue and refers to the application of both low-level
lasers (LLL) and light-emitting diode (LED) (1). Low-level lasers
with a power output less than 500 mW at red to near-infrared
wavelengths are absorbed primarily by tissue pigment and hemo-
globin. Among the low-level lasers, diode lasers are becoming
more admitted in dental procedures due to their convenience to
use and portability (2). A 915 nm diode laser is one of the favor-
able lasers for clinical usages on bone due to high penetration
depth and also is one of the newest lasers that are still not fully
understood as a PBM tool (3).

The mechanism of action of low-level diode lasers is
described by the absorption of photons via cellular chromophores
and light receptors followed by changes in the mitochondrial res-
piratory chain and enhancing the intracellular calcium concentra-
tions (4,5). These changes conduct the cellular positive impacts
such as stimulating the secretion of growth factors, an enhance-
ment in gene expression, cell growth, viability and differentiation
and an increase in cell chemotaxis (6–8). Consequently, the clini-
cal effects of low-level diode lasers are manifested by reducing
inflammation, relieving pain, improving tissue regeneration and
accelerating the wound healing process (9–11).

Shortening the time of tissue repair and regeneration of peri-
odontal tissue have always been one of the fundamental thera-
peutic purposes in periodontal treatment. The reconstruction of
periodontal tissue during the healing process briefly is achieved
through the migration and viability of various cells following the
release of growth factors and the process of angiogenesis. One
of the most essential cells during the process of wound healing
is fibroblasts, which have a major function through providing
growth factors during re-epithelialization, organizing granulation
tissue, rebuilding the collagen network to deposit the new extra-
cellular matrix, differentiating into myofibroblasts and helping
angiogenesis (12,13). The bio stimulatory effect of low-level
diode lasers on cell function is specified through laser parame-
ters, including wavelength, power density, energy density, expo-
sure time and irradiation mode (1).

The effect of diode lasers on human gingival fibroblast has
been reported in various in vitro experiments (14). However,
most of them have centered on the red light spectrum and there
is no study about the effect of 915 nm diode lasers on human
gingival fibroblast; therefore, in this study, we examined the
effect of 915 nm diode laser with different energy densities on
the viability and viability of cultured human gingival fibroblasts
cells.

MATERIALS AND METHODS

Cell culture. Human gingival fibroblasts (C-10459 hugu-PI1) were
obtained from the Iranian Biological Resource Center. The cells were
cultured in Dulbecco’s modified Eagle medium (DMEM; Cegrogen
Biotech, Germany) supplemented with 10% fetal bovine serum (FBS),
100 lg ml�1 streptomycin, 100 IU ml�1 penicillin, 2.5 lg ml�1

amphotericin B in a 95% humidified incubator with 5% CO2 at 37°C.

*Corresponding authors email: S-saberi@razi.tums.ac.ir (Sogol Saberi) and a-etema-
di@farabi.tums.ac.ir (Ardavan Etemadi)
© 2021 American Society for Photobiology

1

https://orcid.org/0000-0003-1816-8576
https://orcid.org/0000-0003-1816-8576
https://orcid.org/0000-0003-1816-8576


The cells were detached using 0.25% sterile trypsin-EDTA solution
followed by centrifugation 1200RPM for 5 min to obtain the required
number of cells. Cells (1 9 104 cell ml�1) were seeded in 96-well plates
with adequate distance between wells in DMEM supplemented with 10%
FBS.

Laser irradiation. A gallium-aluminum-arsenide (GaAlAs) diode laser
source (915 nm Pocket laser, 88 Dent Company, Italy) was used in this
study. Using 96-well plates, laser irradiation was performed 1 cm above
the cell culture, and the culture dishes were uncovered under the laser
source. All laser treatments were administered in a dark room by the
same operator using a hand piece with a beam diameter of 8 mm (spot
size (ӆr2): 0.5 cm2) in a continuous irradiation mode. Cells were
irradiated at different energy densities (1, 2, 3, 4 J cm�2) corresponding
to irradiation time 2.5, 5, 7.5, 10 s. The control group received no laser
irradiation. 1, 3 and 5 days after the irradiation, the viability of the cells
were evaluated using the MTT assay and DAPI staining was performed
to determine the nucleus morphological changes (Table 1).

Cell viability assay. Cell viability was measured by MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay at 1, 3 and
5 days after the irradiation. This method is based on mitochondrial
activity in which the activity of the succinic dehydrogenase enzyme is
demonstrated by the reduction of a yellow tetrazolium salt to purple
formazan crystals. For this purpose, each well received 50 lL of MTT
(Sigma, Germany) solution (5 mg ml�1), and the cells were incubated at
37°C for 4 h. Then, the culture medium and the MTT solution were
aspirated and replaced by 60 lL of DMSO solution to dissolve the violet
formazan crystals. Eventually, absorbance was measured at 570 nm with
a spectrophotometer (Bio Tek).

Cell nucleus morphology analysis. Nuclear damage of cells was
determined by DAPI staining at 1, 3 and 5 days after the irradiation. To
detect the morphological changes in the cell nucleus related to apoptosis,
the cells were fixed whit 70% ethanol. Then, they were incubated with
40-6-diamidino-2-phenylindole (DAPI; Santa Cruz Biotechnology) diluted
(1 lg mL�1) for 30 min. Unbound cells were washed with PBS solution,
then cells were examined under a fluorescence microscope (Olympus;
IX-71) and the pyknotic and fragmented nuclei were considered as
apoptotic cells.

Statistical analysis. Data were expressed as mean � SD and were
analyzed by using one-way ANOVA with Tukey’s post hoc test by SPSS
version 16. At least four experiments were carried out for each treatment.
The difference between experimental groups was considered statistically
significant at P < 0.05.

RESULTS
Cell viability and viability of human gingival fibroblasts were
obtained by the MTT method, and results are shown in Table 2.
On the first day after irradiation, no significant difference in cell
viability and viability was observed in any of the irradiated
groups compared with the control group. While a significant
increment in energy density of 2, 3 J cm�2 was observed com-
pared with the energy density of 1 J cm�2 (P = 0.019). A signif-
icant increase in cell viability and viability was recorded at
energy density of 3 J cm�2 compared with the control group
(P = 0.007) and irradiation dose of 1, 2 J cm�2 on the third day
(P < 0.05). Five days after irradiation, all irradiated groups
revealed a significant difference in viability and viability of cells

compared with the control group (P < 0.05). Also, a significant
increase in energy density 2, 3 and 4 J cm�2 compared with
1 J cm�2 was recognized (P = 0.000). The difference observed
in the cell viability in all groups under laser irradiation on day 5
was recognized as significant compared with days 1 and 3
(Fig. 1).

The results of DAPI staining demonstrated that only cells
were irradiated with the dose of 1 J cm�2 exhibited significant
morphological nuclear damage compared with the control group
(P = 0.016) and other irradiated groups (P < 0.05). Also, no sig-
nificant difference was found between any of the studied days
(P > 0.05). Microscopic image of HGF cells with DAPI staining
on day five is shown in Fig. 2.

DISCUSSION
Cell viability is one of the essential physiological effects of low-
level laser therapy, which is mainly mediated by activation of
the mitochondrial respiratory chain, resulting in the increase of
reactive oxygen species (ROS) and adenosine triphosphate
(ATP), followed by protein synthesis, expression of growth fac-
tors and cytokines increase and eventually lead to cell viability
(5). The results of the present study demonstrated the positive
cellular stimulatory response related to an increment in mito-
chondrial activity at the studied radiation doses (2, 3, 4 J cm�2).
Increased mitochondrial metabolic activity after using a 915nm
diode laser on the human skin fibroblast cells has also been
reported by Belletti et al. at the low irradiation doses (15).

One of the most effective factors in stimulating cell viability
is the radiation dose of the laser. Therefore, the use of insuffi-
cient energy, due to not providing the minimum threshold
required for the physiological response, causes a lack of cellular
response or in some cases a negative cellular response (16). The
decreased metabolic activity of irradiated cells at the energy den-
sity of 1 J cm�2 that we observed in the present study, is similar
to the results of Basso et al.’s study on the same cell line with
different radiation parameters (780 nm, 40 mW), which the most
effective doses in increasing cell viability and viability were
reported to be 0.5 and 3 J cm�2, and a significant decrease was
observed in the irradiated groups at doses of 1.5 and 7 J cm�2

(17). Also, in the study of Marques et al., the viability of stem
cells derived from exfoliated human deciduous teeth was

Table 1. Study groups different laser energy densities (irradiation mode:
continuous, spot size: 0.5 cm2, power: 200 mW, power density: 400
mW cm�2 for all groups)

Groups Time (s) Power (W) Energy (J) Energy density (J cm�2)

Control – – –
1 2.5 0.2 0.5 1
2 5 0.2 1 2
3 7.5 0.2 1.5 3
4 10 0.2 2 4

Table 2. Descriptive statistics of MTT assay

Groups Day Mean Std. deviation Sig groups with control

Control 1 100 5.289
3 100 7.221
5 100 3.822

1 J cm�2 1 94.673 2.367 0.627
3 99.849 3.620 1.000
5 81.081 3.355 0.033

2 J cm�2 1 107.747 16.843 0.229
3 102.002 5.034 0.978
5 129.594 10.284 0.000

3 J cm�2 1 107.747 6.919 0.229
3 113.813 6.904 0.007
5 140.945 5.418 0.000

4 J cm�2 1 103.261 4.789 0.886
3 109.734 1.889 0.108
5 141.891 13.320 0.000
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decreased in the 780 nm laser-irradiated group with the energy
density of 1.2 J cm�2, which is similar to the significant reduc-
tion in cell viability with nucleus morphological damage of
under irradiated cells of 1 J cm�2 in our study (18). The use of
high-energy doses inhibits physiological activities in cell and tis-
sue structure. Therefore, low energy densities were applied in the
current study and resulted in a significant increase in cell viabil-
ity along with their survival without damage to the nucleus mor-
phology after irradiation at energy densities of 2, 3 and
4 J cm�2.

In the present study, the effect of 915 nm diode laser radia-
tion on the metabolic activity of HGF cells can be noticed over

time. As Forouzanfar et al. have found no significant change in
the viability of similar cells 24 h after 810 nm diode laser irradi-
ation, then after 48 and 72 h a significant increase happened in
cells viability (19). In the present study, no significant changes
were detected one day after irradiation compared with the control
group, whereas cell viability and viability, on the third day in
energy density of 3 J cm�2 and then on the fifth day in energy
densities of 2, 3 and 4 J cm�2 were significantly increased com-
pared with the control group. Similarly, in the clinical study of
Madi et al., in the first 24 h after 660 nm laser irradiation with
energy density 4 J cm�2 on the wound area after gingivectomy,
no significant difference was observed, while a significant

Fig. 1. Cell viability comparison between different days in the study groups

Fig. 2. Microscopic image of HGF cells with DAPI staining on day five. (a) Control; (b) radiation group of 1 J cm�2; (c) radiation group of 2 J cm�2;
(d) radiation group of 3 J cm�2; (e) radiation group of 4 J cm�2
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improvement in wound healing was found on days 5 and 7 after
surgery (20). Although in this clinical study patients were irradi-
ated on the day of surgery and 3 and 5 days after surgery, simi-
lar results have been justifiable due to the difference between the
tissue absorbance level and the level of cellular absorbance.

Our results are in contrast to the study of Mirzaei et al that
demonstrated an increase in viability and viability of human gin-
gival fibroblast cells and periodontal ligament stem cells 24 h
after 980 nm laser irradiation at doses of 0.5 and 2.5 J cm�2,
while a significant reduction in cells viability has appeared after
48 h (21). Therefore, it seems that despite the similarity of the
cellular parameters and the energy densities investigated, the
915nm laser has shown longer effectiveness in our study. Also,
the increase in HGF cell viability 24 h after 809nm laser irradia-
tion in the Kreisler et.al study was considerable due to three
times irradiation at a 24-h interval (22).

In the recent study, the increment in cell viability did not
occur in an energy-dependent manner in any of the studied days.
So that, on the first day after irradiation, the cell viability was
the same in the 2 and 3 J cm�2 radiation groups and signifi-
cantly increased compared with the 1 J cm�2 energy dose. While
the highest cell viability rate was discovered after 72 h in the
energy density of 3 J cm�2 and cell viability increased respec-
tively in groups 2, 3 and 4 J cm�2 without significant differences
on day five. However, in a similar study on a 940 nm diode
laser, the increase in cell viability within 72 h was dose-
dependent (1–4 J cm�2), which could because of differences in
in vitro conditions such as cell type and wavelength (23).

This study represented the positive optical efficiency of a
915 nm diode laser on the metabolic activity of fibroblasts cells.
The effects of this diode laser have been evaluated on another cell
line that participates in the repair process. However, in the study of
Parenti et al. on human osteoblast-like cells with 915 nm laser and
energy density of 2 J cm�2 after irradiation for 17, 31 and 157 s,
no difference was seen in the viability and viability between irradi-
ated and nonirradiated cells (24). Also, in another study on the
same cell line with energy densities of 5, 10, 15 J cm�2 for 48, 96
and 144 s, respectively, no significant change in cell viability was
obtained compared to the control group, while wound healing
occurred completely in all irradiated groups (3). So, in addition to
wavelength and radiation dose, the duration of radiation therapy
can change the cell and tissue responses.

Due to the complexity of laser–tissue interaction and also the
different responses in both in vivo and in vitro environments,
even with similar parameters, it is necessary to accurately iden-
tify radiation parameters in clinical studies. Choung et al. did not
observe a significant difference in intraoral mucosal wound heal-
ing by using a 915 nm laser with a density of 187.5 J cm�2,
even after 14 days (25). The effect of repeated radiation due to
the cumulative effect of laser to enhance the present cellular
results, should also be considered.

According to the results, it seems that 915 nm diode laser
irradiation in a single dose can ameliorate the wound healing
process by increasing the viability and viability of gingival
fibroblast cells.

CONCLUSION
In conclusion, our findings suggest that a 915 nm low-level
diode laser application with expressed parameters can stimulate

the viability and viability of human gingival fibroblasts cells for
an extended period.
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