
6319

Abstract. – OBJECTIVE: To evaluate the ef-
fect of near infra-red gallium-aluminium-arse-
nide (GaAlAs) diode laser (805 nm) irradiation 
on proliferation and differentiation of rat femoral 
bone marrow-derived mesenchymal stem cells 
(BMSCs) cultured in osteogenic medium. 

MATERIALS AND METHODS: BMSCs were 
obtained from femurs of 60 Sprague Dawley 
rats (200 gm). The control group comprised iso-
lated BMSCs supplemented with an osteogen-
ic differentiation medium. On the other hand, in 
the experimental group, the BMSCs were irradi-
ated with a near-infrared laser in addition to an 
osteogenic differentiation medium. The experi-
mental group was irradiated with a soft tissue la-
ser comprising of allium-aluminium-arsenic (Ga-
Al-Ar) Diode at a near-infrared wavelength of 
805 nm in continuous mode. The different out-
put powers applied were 0.5 W, 1.0 W, 1.5 W and 
2.0 W respectively. Various energy levels of 1, 
4, 7 and 10 J were used for irradiation. Alkaline 
phosphatase (ALP) assay and Alizarin staining 
were performed to confirm osteogenic differ-
entiation. Statistical analysis was done using a 
one-way ANOVA and a p-value of <0.05 was con-
sidered significant.

RESULTS: According to our findings, 1.27 J/
cm2 was the optimal energy density value that 
significantly increased the BMSC proliferation 
at the output of 1.5 W with the power density of 
1.27 W/cm2. On 1.27 J/cm2, there was a signifi-
cant difference compared to the control group 

on the first day, and the osteogenic differentia-
tion increased significantly on the 4th day com-
pared to the 1st day. 

CONCLUSIONS: According to our findings, 
1.27 J/cm2 was the optimal energy density value 
that significantly increased the BMSC prolifera-
tion at the output of 1.5 W with the power densi-
ty of 1.27 W/cm2.
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Introduction

Since the invention of lasers decades ago, the 
field of medicine and dentistry has seen sub-
stantial scientific advances. The use of lasers 
has transfigured diagnosis, therapies and surgery. 
The distinctive properties of lasers have allowed 
for numerous applications in dentistry1. Principal-
ly, lasers employed are of two types: high-power 
lasers and low-level lasers. Photobiomodulation 
(PBM) is a low-level laser therapeutic modality 
that is widely accepted in treatment used to tackle 
a multitude of diseased conditions by inducing 
beneficial therapeutic changes2. The therapy in-
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volves irradiation of the affected tissue with a 
low-powered laser to accelerate healing, relieve 
inflammation and pain and subsequently restore 
function. Through lower energy densities and 
wavelengths of PBM, it possesses the tendency 
to effectively penetrate the tissues, resulting in 
biomodulatory effects on the targeted cells and 
tissues3.

The capacity of PBM to induce a stimulatory 
effect on cell proliferation has spring boarded 
the success of regenerative dentistry. Subse-
quently, it has been utilized in numerous in vitro 
experiments and in vivo studies to stimulate 
the proliferation of cells4. Through its positive 
biomodulatory effect, PBM has not only proven 
to stimulate cell proliferation but also impart 
growth and differentiation in various types of 
cells including fibroblasts5,6, cancer cells7,8, en-
dothelial cells9 and osteoblasts10 in culture. The 
mechanism through which PBM induces this 
cell proliferation and differentiation is still de-
batable. However, it has been theorized that 
intracellular chromophores are responsible for 
absorbing the irradiating energy. The following 
converted metabolic energy is utilized by the 
mitochondrial respiratory chain that synthesizes 
ATP, leading to the production of nucleic acids 
and proteins11. Near-infrared spectrum activates 
the cellular membrane transport mechanisms 
followed by the initiation of photochemical cas-
cade in response to a photophysical stimulus that 
induces changes at cellular level12.

The stem cells have multifarious applications 
and have extensively contributed towards the 
expansion of regenerative dentistry. Stem cells 
are primal cells with the potentiality of both 
self-renewal and multi-lineage differentiation13. 
Mesenchymal stem cells (MSCs) are an example 
of adult stem cells; these are progenitor cells that 
possess the ability to be reprogramed, therefore, 
giving rise to the generation of multiple cell types 
from a single cell unit14. The premier source 
for the isolation of MSCs is the bone marrow15. 
Evidence16 suggests that the MSCs in the bone 
marrow cavity can further specialize into chon-
drocytes, osteoblasts and adipocytes. MSCs are 
rare in the bone marrow and this relative scarcity 
of cells, therefore, necessitates vast in vitro ex-
pansion, to achieve high numbers for the purpose 
of therapy or research17. 

In theory, PBM promises to rapidly increase 
the initial number of stem cells and later induce 
morphodifferentiation, thus making it more 
useful for tissue engineering18. However, the 

findings of studies pertaining to the effect of 
PBM on bone marrow stem cells (BMSCs) have 
shown variable results and remain inconclu-
sive. The common feature in the available lit-
erature is the lack of standardization in irradia-
tion parameters and protocols; as the variations 
in laser-related parameters such as wavelength, 
dose, power and time of irradiation can vitiate 
the achievement of the desired biological ef-
fects on BMSCs11. 

In this regard, the primary objective of the 
present study is to evaluate the effects of near-in-
frared gallium-aluminium-arsenide (GaAlAs) 
diode laser irradiation at the wavelength of 805 
nm on the proliferation and differentiation of rat 
femoral BMSCs cultured in an osteogenic medi-
um at various power outputs, power and energy 
densities. In addition, the study also focused on 
finding optimal energy density that induces sig-
nificant BMSC proliferation and differentiation 
concerning the parameters of power output and 
power density.

Materials and Methods

Ethical Statement 
The research protocol was reviewed and ap-

proved by the Research Ethical Committee of the 
Graduate School of Tokyo Dental College.

Cell Culture
The current experimental study was performed 

in compliance with the ARRIVE guidelines (Ani-
mal Research: Reporting of In Vivo Experiments). 
BMSCs were obtained from Sprague Dawley rats 
(weighted at 200 g). The animals were sacri-
ficed, both femurs were dissected, and later bone 
marrow cavities were washed with Dulbecco’s 
Modified Eagle’s Medium (DMEM) supplement-
ed with 10% fetal bovine serum (FBS), 50 mg/L 
gentamicin sulfate, and 2 mg/L amphotericin, 
cultured in plates, and incubated in a humid 
atmosphere with 5% CO2 at 37°C. The culture 
medium was changed at intervals of 3 to 4 days 
until the cells reached 80 to 95% confluency.

Study Groups
The control group was supplemented with an 

osteogenic differentiation medium while the ex-
perimental group was exposed to laser irradiation 
along with the supplementation with the osteo-
genic medium. The preparation of the osteogenic 
medium was performed through supplementing 
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Dulbecco’s Modified Eagle’s Medium with fetal 
bovine serum (10%) (Thermo Fisher Scientific, 
Waltham, MA, USA), β glycerophosphate (10 
nM), ascorbate-2-phosphate (50 μg/ml), dexa-
methasone (100 nM) and streptomycin (0.05 μg/
ml). Photosensitizer drugs were used in the cul-
ture medium of incubation; these included Meth-
ylene blue (1μM) and 5- aminolevulinic acid 
(1 mM). BMSCs were plated on plastic culture 
flasks and subsequently incubated in an osteogen-
ic induction medium in a humidified atmosphere 
at 37°C (5% CO2).

Irradiation Protocol
In the experimental group, after the fourth 

passage (P4) cell cultures were irradiated with 
a soft tissue laser comprising of allium-alumini-
um-arsenic (Ga-Al-Ar) Diode (Panasonic, Osaka, 
Japan) at a near-infrared wavelength of 805 nm 
in continuous mode for 5 seconds. The different 
output powers applied were 0.5 W, 1.0 W, 1.5 W 
and 2.0 W respectively. A maximal device output 
power of 2.5 W. The irradiation was carried out 
through the bottom of the culture plate. The dis-
tance from the tip of the laser probe to the bottom 
of the culture plate was maintained at 10 mm. 
Irradiation was performed 1 day after cell plating 
to 96-well. Subsequently, 200 μl of the osteogenic 
medium was replaced. Various energy levels of 1, 
4, 7 and 10 J were used for irradiation. The cul-
ture was assessed at 1, 4, 7 and 14 days.  

Alkaline Phosphatase (ALP) Assay
The activity of ALP indicates the presence 

of osteoblasts and the formation of new bone. 
ALP activity assay was carried out using ALP 
kit by following manufacturer’s protocol after 

osteogenic induction. After rinsing with phos-
phate-buffered solution the cells were fixed in 
paraformaldehyde (4%) for half an hour. This 
was followed by washing by phosphate buffer 
solution thrice. The cell layer was then for 20 
min in alkaline solution. The determination of 
total protein content was assessed in the sample 
using the bicinchoninic acid (BCA) method using 
a Pierce protein assay kit (Thermo Fisher Scien-
tific, Waltham, MA, USA) (Figure 1). 

Alizarin Staining
For the identification of calcium-containing 

osteocytes in the differentiated culture of BMSCs 
in vitro, alizarin red dye was used. The staining 
was performed after induction by the osteogenic 
medium. Once again, washing with fetal bovine 
serum (10%) and phosphate-buffered solution 
twice. Fixation was then done for a minute with 
isopropanol (60%). Alizarin Red (1%) was em-
ployed for staining after washing with distilled 
water for a duration of 3 min (Figure 2).

Reverse Transcription-Polymerase Chain 
Reaction (RT-PCR)

The expression of osteogenetic markers was 
assessed using reverse transcription-polymerase 
chain reaction (RT-PCR). RNA isolation was done 
using TRIzol reagent (Invitrogen, Thermo Fisher 
Scientific, Waltham, MA, USA) under the guid-
ance of the manufacturer’s instructions. cDNA 
was synthesized by the PrimeScript RT reagent 
kit (TaKaRa, Mississauga, ON, Canada). SYBR 
Premix Ex Taq II kit (TaKaRa, Mississauga, ON, 
Canada) was used for the process of RT-PCR. 
ABI Prism 7500 HT sequence detection system 
(Applied Biosystems, Thermo Fisher Scientific, 

Figure 1. Osteogenic differentiation assessed by alkaline phosphatase assay at 4th day as observed under light microscope 
(magnification: 100×).
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Waltham, MA, USA) was used for detection. The 
primers used included Alkaline phosphatase (F: 
5’-TCA GGG CAA TGA GGT CAC ATC-3’, R: 
5’-CAC AAT GCC CAC GGA CTT C-3’), Type 1 
collagen (Type 1 collagen F: 50’-GCG AAG GCA 
ACA GTC GCT-3’, R: 5’-CTT GGT GGT TTT 
GTA TTC GAT-3’), Osteocalcin (F: 5’-CCA CCC 
GGG AGC AGT GT-3’, R: 5’-CTA AAT AGT 
GAT ACC GTA GAT GCG TTT G-3’) and Bone 
sialoprotein 2 (F: 5’-CCA AGC ACA GAC TTT 
TGA GTT AGC-3’, R: 5’-CTT TCT GCA TCT 
CCA GCC TTC T-3’).

Statistical Analysis
Data were analyzed by using a statistical pro-

gram for social sciences (SPSS- Version 22; IBM, 
Armonk, NY, USA) and a p-value ≤ of 0.05 was 
considered significant. Statistical analysis was 
done using a one-way ANOVA. 

Results

Energy Density
The most significant results in BMSC pro-

liferation and differentiation in the osteogenic 
medium were seen at the power output of 1.5 W 
at a power density of 1.27 W/cm2 from day 1. A 
decrement was seen from days 4-7 after which 
cell proliferation tends to increase. The energy 
density value of 1.27 J/cm2 caused a significant 
increment in BMSC proliferation. The energy 
density over this value could not significantly in-
crease the proliferation of BMSCs in osteogenic 
medium. On 1.27 J/cm2, there was a significant 
difference compared to the control group on the 
first day, and the osteogenic differentiation in-
creased significantly on the 4th day compared to 
the 1st, but it increased significantly on the 7th day 
(Figure 3) (Table I).

Power Output
When the output energy is 0.5 W, after 1 day, 

the osteogenic differentiation increases in all la-
ser irradiation compared to the control group. In 
both 1.5 W and 2.0 W, osteogenic differentiation 
increased slightly compared to the control group 
on day 1, but there was no significance, and simi-
lar to the control group on days 4 and 7 (Table I).

Days
In all groups, day 4 was cell count significantly 

increased compared to day 1. There was no sig-
nificant difference between each group. It tends 
to decrease slightly after 4 days. Increase again 
after 7 days (Figure 1). The proliferation curve 
of the control group implies that cells that have 
been plated as 3.0x103 cells/well (about 1.0x104 
cells/cm2) proliferate at an early phase (1-4 days), 
differentiate at 4-7 days, and proliferate again 
after 7 days.

Figure 2. Osteogenic differentiation assessed by Alizarin staining at 14th day under light microscope (magnification: 100×).

Figure 3. The figure shows BMSC proliferation at power 
output 1.5 W. The power density at 1.5 W was found to be 
1.27 W/cm2. The optimal energy density that resulted in 
significant cell proliferation was seen at 1.27 J/cm2. Over 
1.27 W/cm2 of effective energy could not significantly 
increase the proliferation of BMSCs in osteogenic medium.
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Discussion

According to the existing literature, most stud-
ies11,19,20 have used the visible light spectrum 
ranging from 600-700 nm to stimulate cell prolif-
eration and differentiation. Stein et al19 reported 
higher levels of proliferation, differentiation and 
maturation of osteoblasts when exposed to 632.8 
and 670 nm respectively. Kim et al20 concluded 
that the treatment of BMSCs in osteogenic dif-
ferentiation medium with diode laser of 647 nm 
wavelength at energy values of 0.093 J, 0.279 J 
and 0.836 J respectively, modulated their differ-
entiation into osteoblasts. The studies11,21 con-
ducted in the infrared red-light spectrum are rare 
but valuable with a mostly positive influence on 
the rate of cell proliferation.

The present study showed significant results in 
cell proliferation and differentiation at all power 
outputs utilized (0.5 W, 1.0, 1.5 W, 2.0 W). In 
2013, Jawad et al22 utilized a 940 nm wavelength 
diode laser in continuous mode at different power 
outputs to observe its effects on the human fetal 
osteoblast cell line. Significant cell differentiation 
was seen at 0.1 W and 0.2 W while 0.3 W of pow-
er increased the proliferation of osteoblasts. In 
contrast to the above studies, Bouvet-Gerbettaz et 
al23 showed that PBM at a wavelength of 808 nm 
(energy density of 4 J/cm2) working under contin-
uous mode with thrice a week exposure to murine 
bone marrow, resulting in no alteration in BMSC 
proliferation and osteogenic differentiation. One 
explanation can be that the power output was 
maintained at 0.8 W which was considerably 
higher as compared to the present study (0.5 W) 
and this parameter can be the possible reason for 
influencing the results. In another study, Renno et 
al24 used an 830 nm wavelength diode laser with 
an energy density of 10 J/cm2 to irradiate osteo-
blastic (MC3T3) cell line grown on glass-ceramic 
bioscaffold. These settings caused reduced cell 
proliferation in the experimental group as com-
pared to the controls. The reason for this decre-

ment as according to the authors remains unclear 
but they speculated scaffold structure as one of 
the reasons. Decreased proliferation of BMSCs 
was also seen in the present study at similar ener-
gy density values.  

The present study demonstrated that 1.27 J/
cm2 was the optimal energy density value that 
significantly increased the BMSC proliferation 
at the output of 1.5 W with the power density of 
1.27 W/cm2. It was also found that the range be-
tween J/cm2 of energy density within the values 
of 1.0 W/cm2 was effective on cell proliferation at 
an early phase. It was also observed that over 9 
J/cm2 of energy density was not effective in the 
proliferation and differentiation of BMSCs except 
for the group receiving 0.5W on the first day. 
According to a study by Soleimani et al25 at 810 
nm wavelength, the human BMSC cells exposed 
to PBM with energy densities of 2 J/cm2 and 4 J/
cm2 reportedly had significantly higher BMSC 
proliferation and differentiation to osteoblasts 
as compared to their respective controls on the 
second, fifth, seventh, and tenth day of differen-
tiation. The BMSCs were cultured in a medium 
supplemented with neurogenic and osteogenic 
inducing factors similar to the present study. No 
significant increment was observed in control and 
experimental groups receiving a dose of 6 J/cm2. 
In another in vitro experimentation, Tuby et al4 
irradiated murine BMSCs and cardiac stem cells 
with diode (Ga-As) laser wavelength 804 nm at 
an output of 0.4 W and evaluated them after every 
seven days for four weeks. Similar to the results 
of the current study, the authors reported that the 
proliferation rate of cells was significantly higher 
in irradiated cells at all intervals for doses 1 and 
3 J/cm2.

The important contrasting feature was the 
power density of PBM used, which was expo-
nentially higher in the present experimentation as 
compared to previous studies in the near-infrared 
spectrum. The present experiments used vary of 
power density values that included 0.25, 0.82, 

Table I. The numerical values of power output, power density with their respective energy densities at day 1, 4, 7 and 14 of the 
experiment.

	 Power output	 0.5W	 1W	 1.5W	 2W	 p-value

Power density 	 0.25 W/cm2	 0.82 W/cm2	 1.27 W/cm2	 1.90 W/cm2	 0.05
Energy density (day 1)	 1.25 J/cm2	 1.23 J/cm2	 1.27 J/cm2	 1.90 J/cm2	 0.05
Energy density (day 4)	 5.00 J/cm2	 4.92 J/cm2	 5.08 J/cm2	 5.70 J/cm2	 0.05
Energy density (day 7)	 8.75 J/cm2	 9.02 J/cm2	 8.89 J/cm2	 9.50 J/cm2	 0.05
Energy density (day 14)	 12.50 J/cm2	 12.30 J/cm2	 12.70 J/cm2	 13.30 J/cm2	 0.05
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1.27 and 1.90 W/cm2 respectively. It was observed 
that over 1.27W/cm2 of power density could not 
significantly increase the proliferation of BMSCs 
in osteogenic medium. In the previous studies, 
the power density of 50 mW/cm2 (0.5 W/cm2) was 
kept constant in all experiments except Soleimani 
et al25, where it was valued at 167 mW/cm2 (1.7 
W)4,22-25. Recently, Fekrazad et al26 performed a 
comprehensive study to evaluate the proliferating 
and differentiating effects induced by single and 
combination of different wavelengths of PBM 
on rabbit bone marrow. The authors concluded 
that while the stimulatory effects of combination 
lasers were unclear, wavelengths 810 nm (power 
density of 1.33 W/cm2) and 660 nm (power densi-
ty of 0.17 W/cm2) with a uniform dose of energy 
(4 J/cm2) not only caused BMSC proliferation but 
also induced osteogenic and cartilaginous differ-
entiation.

The choice of laser type, probe’s distance from 
the target and time of irradiation should be given 
special consideration for attaining more favorable 
results27. The limitations of the present study 
include the time duration of irradiation that was 
fixated at a period of 5 seconds. The variation in 
an irradiation period and its effect on cell prolif-
eration can be studied in future studies. Similarly, 
in the present study distance from the tip of the 
laser probe to the bottom of the culture plate was 
maintained at 10 mm. The results may differ if 
the distance between the tip and culture plate is 
altered. This is one possibility on which future 
experiments can explore upon. 

Conclusions

The present study was aimed at finding the 
optimum settings for imparting a significant level 
of proliferation and osteogenic differentiation in 
BMSCs induced in osteogenic medium, within 
the ambit of the near-infrared spectrum. Accord-
ing to our findings, 1.27 J/cm2 was the optimal 
energy density value that significantly increased 
the BMSC proliferation at the output of 1.5 W 
with the power density of 1.27 W/cm2. Other 
noteworthy findings were the prominent effect 
of power output on the energy density and power 
density that caused a significant increase in cell 
proliferation and differentiation.  

Conflict of Interest
The Authors declare that they have no conflict of interests.

Acknowledgements
The authors are grateful to the Researchers supporting proj-
ect at King Saud University for funding through Research-
ers supporting project No. RSP-2021-44.

References

  1)	 Akram Z, Shafqat SS, Niaz MO, Raza A, Naseem 
M. Clinical efficacy of photodynamic therapy and 
laser irradiation as an adjunct to open flap de-
bridement in the treatment of chronic periodonti-
tis: a systematic review and meta‐analysis. Pho-
todermatol Photoimmunol Photomed 2020; 36: 
3-13.

  2)	 Akram Z, Abduljabbar T, Vohra F, Javed F. Efficacy 
of low‐level laser therapy compared to steroid ther-
apy in the treatment of oral lichen planus: A sys-
tematic review. J Oral Pathol Med 2018; 47: 11-7.

  3)	 Akram Z, Javed F, Hosein M, Al‐Qahtani MA, 
Alshehri F, Alzahrani AI, Vohra F. Photodynam-
ic therapy in the treatment of symptomatic oral li-
chen planus: a systematic review. Photodermatol 
Photoimmunol Photomed 2018; 34: 167-74.

  4)	 Tuby H, Maltz L, Oron U. Low‐level laser irradi-
ation (LLLI) promotes proliferation of mesenchy-
mal and cardiac stem cells in culture. Lasers Surg 
Med 2007; 39: 373-378.

  5)	 Evans DH, Abrahamse H. Efficacy of three differ-
ent laser wavelengths for in vitro wound healing. 
Photodermatol Photoimmunol Photomed 2008; 
24: 199-210.

  6)	 Moore P, Ridgway TD, Higbee RG, Howard EW, 
Lucroy MD. Effect of wavelength on low‐intensity 
laser irradiation‐stimulated cell proliferation in vi-
tro. Lasers Surg Med 2005 Jan; 36: 8-12.

  7)	 Werneck CE, Pinheiro AL, Pacheco MT, Soares 
CP, De Castro JL. Laser light is capable of in-
ducing proliferation of carcinoma cells in culture: 
a spectroscopic in vitro study. Photomed Laser 
Surg 2005; 23: 300-303.

  8)	 De Castro JL, Pinheiro AL, Werneck CE, Soares 
CP. The effect of laser therapy on the proliferation 
of oral KB carcinoma cells: an in vitro study. Pho-
tomed Laser Surg 2005; 23: 586-589.

  9)	 Schindl A, Merwald H, Schindl L, Kaun C, Wojta 
J. Direct stimulatory effect of low‐intensity 670 nm 
laser irradiation on human endothelial cell prolif-
eration. Br J Dermatol 2003; 148: 334-336.

10)	 Fujihara NA, Hiraki KR, Marques MM. Irradia-
tion at 780 nm increases proliferation rate of os-
teoblasts independently of dexamethasone pres-
ence. Lasers Surg Med 2006; 38: 332-336.

11)	 Ginani F, Soares DM, Barboza CA. Effect of pho-
tobiomodulationon mesenchymal stem cell pro-
liferation: a systematic review. Lasers Med Sci 
2015; 30: 2189-2194.

12)	 Kim WS, Calderhead RG. Is light-emitting diode 
phototherapy (LED-PBM) really effective?. Laser 
Ther 2011; 20: 205-215.



Effect of 805 nm photobiomodulation on stem cells

6325

13)	 Sobhani A, Khanlarkhani N, Baazm M, Moham-
madzadeh F, Najafi A, Mehdinejadiani S, Aval FS. 
Multipotent stem cell and current application. Ac-
ta Medica Iranica 2017: 6-23.

14)	 Pozzobon M, Piccoli M, De Coppi P. Sources of 
mesenchymal stem cells: current and future clini-
cal use. Adv Biochem Eng Biotechnol 2013; 130: 
267-286.

15)	 Wu J, Zhang W, Ran Q, Xiang Y, Zhong JF, Li SC, 
Li Z. The differentiation balance of bone marrow 
mesenchymal stem cells is crucial to hematopoi-
esis. Stem Cells Int 2018; 2018.

16)	 Trivedi A, Miyazawa B, Gibb S, Valanoski K, Vi-
vona L, Lin M, Potter D, Stone M, Norris PJ, Mur-
phy J, Smith S. Bone marrow donor selection and 
characterization of MSCs is critical for pre-clini-
cal and clinical cell dose production. J Transl Med 
2019; 17: 1-6.

17)	 Hennrich ML, Romanov N, Horn P, Jaeger S, Eck-
stein V, Steeples V, Ye F, Ding X, Poisa-Beiro L, 
Lai MC, Lang B. Cell-specific proteome analyses 
of human bone marrow reveal molecular features 
of age-dependent functional decline. Nat Com-
mun 2018; 9: 1-8. 

18)	 Eduardo FD, Bueno DF, de Freitas PM, Marques 
MM, Passos‐Bueno MR, Eduardo CD, Zatz M. 
Stem cell proliferation under low intensity laser ir-
radiation: a preliminary study. Lasers Surg Med 
2008; 40: 433-438.

19)	 Stein E, Koehn J, Sutter W, Wendtlandt G, Wan-
schitz F, Thurnher D, Baghestanian M, Tur-
hani D. Initial effects of photobiomodulation-
on growth and differentiation of human osteo-
blast-like cells. Wien. Klin Wochenschr 2008; 
120: 112-117.

20)	  Kim HK, Kim JH, Abbas AA, Kim DO, Park SJ, 
Chung JY, Song EK, Yoon TR. Red light of 647 
nm enhances osteogenic differentiation in mes-

enchymal stem cells. Lasers Med Sci 2009; 24: 
214-222.

21)	 Peng F, Wu H, Zheng Y, Xu X, Yu J. The effect of 
noncoherent red light irradiation on proliferation 
and osteogenic differentiation of bone marrow 
mesenchymal stem cells. Lasers Med Sci 2012; 
27: 645-653.

22)	 Jawad MM, Husein A, Azlina A, Alam MK, Has-
san R, Shaari R. Effect of 940 nm photobiomod-
ulationon osteogenesis in vitro. J Biomed Opt. 
2013; 18: 128001.

23)	 Bouvet‐Gerbettaz S, Merigo E, Rocca JP, Carle 
GF, Rochet N. Effects of low‐level laser therapy 
on proliferation and differentiation of murine bone 
marrow cells into osteoblasts and osteoclasts. 
Lasers Surg Med 2009; 41: 291-297.

24)	 Renno AC, McDonnell PA, Crovace MC, Zanotto 
ED, Laakso L. Effect of 830 nm laser photother-
apy on osteoblasts grown in vitro on Biosilicate® 
scaffolds. Photomed Laser Surg 2010; 28: 131-
133.

25)	 Soleimani M, Abbasnia E, Fathi M, Sahraei H, 
Fathi Y, Kaka G. The effects of low-level laser ir-
radiation on differentiation and proliferation of hu-
man bone marrow mesenchymal stem cells into 
neurons and osteoblasts—an in vitro study. La-
sers Med Sci 2012; 27: 423-430.

26)	 Fekrazad R, Asefi S, Eslaminejad MB, Taghiar 
L, Bordbar S, Hamblin MR. Photobiomodulation 
with single and combination laser wavelengths on 
bone marrow mesenchymal stem cells: prolifera-
tion and differentiation to bone or cartilage. La-
sers Med Sci 2019; 34: 115-126.

27)	 Scarano A, Lorusso F, Inchingolo F, Postiglione 
F, Petrini M. The Effects of Erbium-Doped Yttri-
um Aluminum Garnet Laser (Er: YAG) Irradiation 
on Sandblasted and Acid-Etched (SLA) Titanium, 
an In Vitro Study. Materials 2020; 13: 4174.


