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Abstract
Objective. To determine the effect of laser irradiation at a low dose on human osteoblast-
like cells. 
Materials and methods. 32 porous hydroxyapatite scaffolds currently used for bone 
tissue engineering were seeded with MG63 cells and irradiated or not with a GaAlAs 
diode laser (wavelength 915 nm, dose 2 J/cm2) using different power density and exposure 
duration.  
Results. After 72-h incubation, cells showed well spread morphology and good adhesion 
on both laser-treated and untreated scaffolds. Laser irradiation did not interfere in cell 
viability and proliferation as compared with the non-irradiated controls. 
Conclusion. This study suggests that there is no effect of 915 nm laser irradiation at a 
dose of 2 J/cm2 on the proliferation rate of MG63 cells. Future investigations are needed 
to compare different dose and wavelength regimens in order to determine the optimal set 
of laser parameters for maximum cell yield and safe clinical application.
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INTRODUCTION
In the last decades a new paradigm of worldwide 

biomedical research has been represented by tissue 
engineering, a multidisciplinary approach aiming at 
replacing, repairing or even regenerating diseased or 
injured tissues to their original state and function [1]. 
Rather than the employment of prostheses or organ 
transplantation proposed by traditional regenerative 
medicine [1], one of the most promising innovative 
strategies underlying tissue engineering depends on 
employing scaffolds that serve as a three-dimensional 
(3D) extracellular matrix (ECM) on which cells can 
migrate, proliferate and form the desired tissue. The 
ideal biomaterial for a scaffold would provide the 
physical and chemical stimulus to selectively promote 
attachment, growth and differentiation of the cells and 
their assembly into 3D tissues [2].

The traditional approach to repair large bone defects 
included the use of autografts (with the disadvantages 
of donor site morbidity, limited donor bone supply, as 
well as different anatomic and structural problems) or 
allografts (with the risk of eliciting an immunological 
response as well as inducing transmissible diseases) [3]. 

The increasing demand for the development of synthetic 
materials that mimic natural bone tissue has the potential 
to overcome these limitations. This has led researchers 
to investigate new technologies in order to enhance the 
recruitment, attachment and growth of bone cells with 
the biomaterials. Likewise in the process of discovery of 
drugs and, in general, of medical products the mission 
should be to favour the translation of new treatments 
which may potentially have a great beneficial impact on 
patients’ quality of life as well as on public health [4-6].

Recently, scientific literature has shown that the use 
of low-level laser therapy (LLLT) may be beneficial in 
accelerating bone tissue healing [7-10]. LLLT refers 
to irradiation with red-beam or near-infrared lasers 
(e.g. helium-neon and gallium-aluminum-arsenide) 
characterized by a wavelength of 600-1100 nm, an output 
power of 1-500 mW, and an energy density of 0.04-50 J/
cm2 [11]. The effect is not thermal, but rather related to 
photochemical reactions in the cells, which generate a 
series of modifications in tissue metabolism [12]. This is 
in contrast to high-energy lasers (e.g. carbon dioxide and 
neodymium-YAG), which can raise tissue temperatures 
high enough to cut and vaporize them [11, 13]. 
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In particular, LLLT has recently attracted major 
interest in the field of tissue engineering of bone tissue 
because it can facilitate fracture consolidation by means 
of increased angiogenesis, collagen fiber deposition, 
bone cell proliferation and differentiation [8, 14-17]. 
This may lead to potential benefits in orthopaedics for 
bone fracture healing, in maxillofacial surgery for bone 
healing after fracture or surgical assisted rapid maxillary 
expansion (SARME) [18, 19] and, also, in dentistry to 
assist osseointegration of implants [20], to promote 
alveolar bone repair after tooth extraction [21], bone 
regeneration in midpalatal suture after rapid maxillary 
expansion (RME) [22] and bone remodelling during 
orthodontic movement of teeth [23, 24].

Nevertheless, the biological mechanisms that 
mediate these effects are not fully understood and 
need to be examined more rigorously at a cellular level. 
To date, in vitro studies have been carried out under 
non-standardized experimental conditions using two-
dimensional (2D) cell cultures, while only a few of 
them did use 3D cell cultures which more accurately 
resemble the in vivo situation [25, 26]. It is well known 
that the flat surface of a conventional 2D culture is not 
representative of the physiological cell-cell and cell-
ECM interactions found in real tissues [27]. Biomimetic 
scaffolds have shown potential in cell culturing and 
in investigating different aspects of the cell-matrix 
interaction in 3D like cell proliferation, migration and 
apoptosis or such physiological cell-cell and cell-ECM 
interactions. For all these reasons it was decided to use 
for this study a biomimetic porous hydroxyapatite (HA) 
scaffold, already used in clinic as a bone substitute, to 
investigate the effects of laser irradiation at a low dose 
on 3D human osteoblast-like culture.

MATERIALS AND METHODS
MG63 human osteoblast-like cells (Lonza, Italy) 

were cultured in Dulbecco Modified Eagle’s (DMEM, 
PAA, Austria), containing 1% penicillin/streptomycin 
(100 U/mL-100 µg/ml) supplemented with 10% 
fetal bovine serum (FBS) and kept at 37 °C in an 
atmosphere of 5% CO2. Cells were detached from 
culture flasks by trypsinization and centrifuged; cell 
number and viability were checked with trypan-blue 
dye exclusion test.

Scaffolds
The porous HA scaffolds is already commercially 

available as a biomimetic bone graft (Engipore, 
Finceramica S.p.A., Italy). Briefly, the samples (diameter 
10.00 mm; height 4.00 mm) were prepared with a 
technology based on slurry expansion. As bioceramic 
powder was used commercial HA (Finceramica S.p.A., 
Italy) nanopowder calcined at 1000 °C for 5 h in a 
conventional muffle furnace. An aqueous slurry with 
high ceramic powder concentration (60 wt%) and 
opportune amounts of Dolapix CA (Zschimmer & 
Schwarz, Lahnstein, Germany) as dispersing agent was 
prepared. After 6 h of ball-milling with zirconia balls, 
Dermocin BS Conc (Fratelli Ricci, Italia) as foaming 
agent was added to the suspension and expanded in a 
known volume (40-60 vol% of the total) to achieve a 
controlled morphology and an inner porosity close to 
80 vol%. The expanded suspension was poured into a 
mould and dried at room temperature. To consolidate 
and stabilize the structure of the “green” samples, a 
heat treatment was performed in an air furnace at 1250 
°C for 2 h.

Cell seeding
Prior to seeding with cells, 32 scaffolds were 

subjected to a 1 h preconditioning soak in phosphate-
buffered saline (PBS) at 37 °C and, then, placed into 
24 multiwell tissue culture plates, with one scaffold per 
well. Several plates were used to increase the distance 
between the wells and avoid cross-laser-irradiation.

Cell seeding on top of the scaffolds was performed by 
dropping 100 μl of cell suspension (1 x 105 cells) onto 
the scaffold surface, and allowing cells attach for 1 h 
(37 °C, 5% CO2), before addition of 1.5 mL medium 
in 24 multiwell plates. After a 6 h incubation step, each 
scaffold was carefully placed in a new 24 multiwell plate 
to eliminate any contribution of remnant cells from the 
cell suspension that might grow into the scaffold from 
its bottom surface. The medium was change every 2 
days. 

Laser irradiation
Three days after cells were seeded on scaffolds, laser 

irradiation was carried out using a gallium-aluminum-
arsenide (GaAlAs) diode laser (Pocket Laser, Orotig 

Figure 1
Immunofluorescence images of cells seeded on HA scaffold. Cell nuclei labeled with DAPI showed a well colonization of the 
scaffold (a). Cells exhibited a good morphology with no differences between each group both on the external surface (b) and in 
the inner section (c) of the scaffold. Scale bars: (a) 250 µm, (b) 100 µm, (c) 10 µm.
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s.r.l., Verona, Italy), which has a wavelength of 915 
nm ± 10 nm and a maximum power output of 6 W 
± 20% (sourced from the equipment manufacturer’s 
specifications).

The laser beam was delivered in a continuous 
operating mode by an optical fiber 0.6 mm in diameter 
that was defocused at the tip by a concave lens to cover 
the whole top surface of each scaffold at a fixed distance 
of 14 mm (beam spot size at culture surface 1.13 cm2; 
area irradiated 0.78 cm2). 

A single treatment session was performed at a dose 
of 2 J/cm2. While keeping the dose constant, various 
power and exposure duration were used. Scaffolds were, 
thus, equally assigned to the following experimental 
conditions:

• Group 1 (8 scaffolds): underwent laser irradiation 
at a 10 mW power output for 157 seconds;
• Group 2 (8 scaffolds): underwent laser irradiation 
at a 50 mW power output for 31 seconds;
• Group 3 (8 scaffolds): underwent laser irradiation 
at a 90 mW power output for 17 seconds;
• Group 4 (8 scaffolds): did not undergo laser 
irradiation: served as control.

The laser equipment was calibrated by the 
manufacturer just prior to the study. Irradiation was 

carried out in a partial darkness, without other light 
influences except for the laser and in the absence of 
culture medium, which was removed immediately 
before and added immediately after irradiation. 

All the groups were kept at 37 °C in an atmosphere 
of 5% CO2 for 72 h and then morphological analysis and 
viability assays were performed.

Morphological analysis
Phalloidin staining was performed to assess cell adhesion 

and morphology of 2 samples for each group. After 
permeabilized with 0.5% Triton X-100 for 15 minutes, 
FITC-conjugate phalloidin solution was added for 30 
minutes at 37 °C. After washing, 300 nM 4’-6-diamidino-
2-phenylindole (DAPI) solution was added for 5 minutes 
in order to stain cell nuclei (Molecular Probes). One 
sample was finely cut with a scalpel in order to examine 
also the internal surface. The analysis was performed by 
an inverted fluorescence microscope (Nikon Ti-E, Nikon 
Corporation, Tokyo, Japan).

Cell viability and proliferation assays
For cell viability assay, samples were stained 

with a Live/Dead viability kit as according to the 
manufacturer’s instructions (BioVision Research 

Figure 2 
Cell viability analysis showed a very high ratio of live cells (in green) compared with the dead cells (in red) in all the groups. 
Group 1 (a), Group 2 (b), Group 3 (c), Group 4 (d). Scale bars: 200 µm.
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Products, Mountain View, CA, USA). Briefly, the Live/
Dead stain was prepared by adding equal amounts of 
1mM Live-Dye and 2.5 mg/mL Propidium Iodide to 
the provided staining buffer. Samples were incubated 
with the stain for 15 minutes in the dark at 37 °C. 
Then the samples were rinsed 3 times in PBS before 
viewing using an inverted fluorescence microscope. 
One scaffold for each group was finely cut to examine 
the infiltration and viability of cells in the center region.

Cell proliferation was assessed using the 
colorimetric MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. MTT was added 
to cell culture (0.5 mg/ml medium) and incubated at 
37 °C for 3 h in darkness. Afterwards, the unreacted 
dye was removed and dimethylsulfoxide was added to 
dissolve the intracellular insoluble purple formazan 
product into a colored solution. The absorbance of the 
resulting solution was measured at 570 nm on a UV-
visible spectrophotometric reader (Lambda 35 UV/VIS 
Spectrometer; Perkin Elmer Instrument, USA).

Statistical analysis
Data from in vitro cellular proliferation assay were 

presented as means ± standard deviations (SD). 
Between groups comparison was carried out with the 
One-Way ANOVA test (p < 0.05).

RESULTS
Cells grew into the porous scaffold structure and 

they entered into the scaffolds without any difference 
between the groups (Figure 1a). Phalloidin staining 
did not show differences in cell morphology compared 
between each group. Attached cells exhibited their 
characteristic shape both on the external surface and 
into porous (Figure 1b). Inner section of each scaffolds 
showed that, after laser irradiation, cells that had 
already entered the porous structures and attached 
the inner surface were not negatively affected by the 
treatment (Figure 1c).

A very high ratio of live cells was well visible on each 
scaffold surface (Figure 2a-d). The very small ratio of 
dead cells was comparable between laser-treated (Figure 
2a-c) and untreated scaffolds (Figure 2d).

Quantitative analysis with MTT test showed no 
difference in terms of cell viability between the groups 
(Group 1: 2.3708 ± 0.2051; Group 2: 2.3281 ± 0.3051; 
Group 3: 2.3781 ± 0.0889). Laser irradiation did not 
decrease cell growth in a statistically significant manner 
compared with non-irradiated controls (Group 4: 
2.3221 ± 0.1687).

DISCUSSION
Nowadays, the focus of bone tissue engineering 

has moved towards the synthesis of 3D scaffolds with 
suitable mechanical properties, having the ability 
to promote cell function, in particular enhancing 
osteoblast adhesion, growth, and differentiation, as well 
as inducing the differentiation of mesenchymal cells 
into osteoblasts [28-30]. Increasing interest may be 
brought about the use of LLLT, since it has the potential 
to increase cell proliferation or to induce differentiation 
into specific cell types or both.

Porous HA scaffolds have been well described 
physically and chemically, including their macro- and 
micro-structure, mechanical properties [31, 32] but, 
so far, no studies have been carried out concerning the 
possible effects of LLLT on such cell-seeded scaffolds.

In the present study, focusing on growth behavior 
of human MG63 human osteoblast-like cells, a single 
915 nm laser irradiation at a low dose (2 J/cm2) did not 
interfere in cell adhesion and proliferation on porous 
HA scaffolds after an incubation period of 72 h. Cells 
showed well spread morphology and good adhesion on 
both the laser-treated and untreated scaffold trabeculae, 
but no statistically significant difference was observed in 
the proliferation rate when comparing laser-irradiated 
and non-irradiated samples. These finding suggests the 
lack of effect of 915 nm laser irradiation at a dose of 
2 J/cm2 on MG63 cell growth, thus being in contrast 
with previous studies demonstrating an increased 
proliferation of laser-irradiated osteoblastic cells grown 
on 2D cultures [8, 14, 16, 17, 33, 34]. This may be due 
to a range of factors, including laser dose, wavelength 
and different experimental conditions. Laser irradiation 
administered at a low dose should be more likely to 
produce a biostimulatory cell response when compared 
to the same wavelength at high dose [11]. Saracino et al. 
[35] had previously found that 910 nm laser irradiation 
inhibited proliferation in MG63 cells at a dose that 
was 3 times higher (6.7 J/cm2), but stimulated the 
expression of proteins essential for bone formation due 
to an inverse correlation between cell growth and tissue 
specific gene expression. It is, therefore, possible to 
assume that, under the conditions of this in vitro study, a 
dose of 2 J/cm2 was too high to excite physiological cell 
proliferation. However, possible laser effects on tissue 
specific gene expression should be taken into proper 
account in future investigations.

LLLT has been reported in the literature with 
wavelengths of 600-1100 nm, but the most effective 
cellular response might result from using laser 
wavelengths of 600-700 nm [11]. In this study a single 
treatment session was carried out using a diode laser 
with a wavelength of 915 nm because the equipment 
was already available in our Department [8, 36]. A 
dose of 2 J/cm2 was chosen because it has already 
been reported as the most effective to stimulate 
cell proliferation under in vitro conditions [11]. 
While keeping constant this value, 3 different power 
outputs of 10 mW [37], 50 mW [38], and 90 mW [39] 
were used for respectively 157 seconds, 31 seconds, 
and 17 seconds. Power and exposure duration were 
chosen as the treatment variables between the 
laser-irradiated groups based in previous studies 
demonstrating that power density and exposure 
duration can significantly influence cell growth in 
vitro [40, 41]. The lack of significant difference in the 
proliferation rate between the laser-irradiated groups 
indicates that future investigations comparing the 
effects of laser irradiation on MG63 cells at different 
dose and wavelength regimens are needed in order 
to determine the optimal set of laser parameters for 
maximum cell yield and the safe combination for 
clinical application.
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So far, there have been few attempts to evaluate 
the effects of LLLT on human osteoblast-like cells 
[8, 34-36] and, particularly, no data are yet available 
on 3D cell cultures. Moving from 2D to 3D cultures 
is motivated by the need to work with cellular models 
that mimic the functions of living tissues, leading to 
more useful data and more relevant research [27]. 
Renno et al. [26] observed that a single 830 nm laser 
irradiation at a dose that was 5 times higher compared 
with the one used in the present study (10 J/cm2) had 
an inhibitory effect on proliferation of osteoblastic cells 
seeded on 3D glass-ceramic scaffolds and, conversely, a 
stimulatory effect if cells were seeded on 2D standard 
monolayers [8], hypothesizing that interactions of laser 
with matrix compounds and structure should be taken 
into proper account. It is, therefore, reasonable to 
assume that, under the conditions of this in vitro study, 
laser irradiation failed to determine any change in cell 
growth also due to reflection, refraction or absorption 
in the material of the scaffold.

CONCLUSIONS
Under the experimental conditions of this 3D in vitro 

study, a single 915 nm laser application at a dose of 2 
J/cm2 did not interfere in adhesion and morphology of 

MG63 human osteoblast-like cells seeded on porous HA 
scaffolds currently used for bone tissue engineering after 
an incubation period of 72 h. No statistically significant 
difference was observed in the proliferation rate when 
comparing laser-irradiated and non-irradiated samples, 
suggesting the lack of effect of laser irradiation on cell 
growth. Future investigations are needed to compare the 
effect of laser irradiation on MG63 human osteoblast-
like cells at different dose and wavelength regimens in 
order to determine the optimal set of laser parameters 
for maximum cell yield and for safe clinical application.
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