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 Background: Photobiomodulation (PBM) has been explored as a promising therapeutic strategy to regulate bone cell growth; 
however, the effects of PBM on osteoblast cell lines remains poorly understood. In addition, as a light source 
of PBM, the light uniformity of light-emitting diode (LED) devices has not been given enough attention.

 Material/Methods: Here, we sought to investigate the effects of PBM on MC3T3-E1 cells via 630 nm and 810 nm light from a 
newly designed LED with high uniformity of light. Cell proliferation, flow cytometric analysis, alkaline phos-
phatase (ALP) staining, ALP activity, Alizarin Red S staining, and quantitative real-time polymerase chain reac-
tion (qRT-PCR) were carried out to assess treatment response. MC3T3-E1 cells were irradiated with LED devic-
es (630±5 nm and 810±10 nm, continuous wave) for 200 seconds at a power density of 5 mW/cm2 once daily.

 Results: Increases in cell proliferation and decreases in cell apoptosis were evident following irradiation. ALP staining 
intensity and activity were also significantly increased following irradiation. Level of mineralization was obvi-
ously enhanced in irradiated groups compared with non-irradiated controls. qRT-PCR also showed significant 
increases in mRNA expression of osteocalcin (OCN) and osteoprotegerin (OPG) in the irradiated groups.

 Conclusions: Our results showed that LED PBM could promote the proliferation, ALP staining intensity and activity, level of 
mineralization, gene expression of OCN and OPG of MC3T3-E1 cells, with no significant difference between the 
630 nm- and 810 nm-irradiated groups.
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 Abbreviations: ALP – alkaline phosphatase; ATP – adenosine triphosphate; CCO – cytochrome c oxidase; 
GAPDH –  glyceraldehyde-3-phosphate dehydrogenase; LED – light-emitting diode; OCN – osteocalcin; 
OPG – osteoprotegerin; PBM – photobiomodulation; PBS – phosphate buffered saline; ROS – reactive 
oxygen species; RT-PCR – real-time polymerase chain reaction
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Background

Osteoporosis, a common skeletal disease, can result in a great-
er propensity for fragility fracture [1–3]. Modulating the func-
tion of osteoblasts represents a promising therapeutic strat-
egy for disease intervention as the combination of decreased 
osteoblastic activity and increased osteoclastic activity strong-
ly contributes to the unbalanced bone metabolism underlying 
disease progression [3,4].

Photobiomodulation (PBM), also known as low-level laser ther-
apy or low-level light therapy, is considered a promising new 
method for modulating osteoblasts, which play a key role in 
bone formation. PBM has demonstrated the capacity to pro-
mote tissue regeneration and reduce inflammation, swelling, 
and pain [5,6]. The wavelength is typically considered to be 
between 600 and 1000 nm [5,7]. Although the mechanisms 
of PBM are not well understood, it has been shown that cy-
tochrome C oxidase (CCO), an enzyme in the mitochondrial 
oxidative respiratory chain, performs a vital role in light ab-
sorption. Stimulation of CCO can promote the photodissoci-
ation of inhibitory nitric oxide from CCO, increasing the syn-
thesis of adenosine triphosphate (ATP), accompanied by the 
modulation of reactive oxygen species (ROS), ultimately lead-
ing to an upregulation of gene transcription. As a result, PBM 
has beneficial effects on cell respiration, especially for hypox-
ic cells. While the effects of PBM are not thermal in nature [5], 
temperature-gated calcium ion channels may be a target [8].

Red and infrared light was widely used in the study of PBM 
on osteoblasts, especially 630 nm and 810 nm light. Despite 
the significant promise of PBM, considerable disagreement 
persists regarding the ability of PBM to modulate the growth 
of osteoblasts [9]. Some studies had demonstrated that PBM 
could upregulate the proliferation and differentiation of sev-
eral osteoblast cell lines [10–15]; however, these observations 
could not be replicated in all studies [16,17]. This divergence 
may be attribute to the different irradiation parameters used 
in different studies. The therapeutic effects of PBM depend on 
wavelength, power density, exposure time, energy density, and 
total energy. Use of continuous or pulsed wave treatments are 
also thought to affect treatment outcomes. Because these key 
parameters were not well described in some studies, some re-
sults cannot be properly evaluated.

Although laser, emitting coherent light, and light-emitting di-
ode (LED), emitting non-coherent light, were both the light 
source of PBM [18], laser was more often used in the previous 
study [5,10–17]. There were more and more studies on PBM 
using LED [19–21]. Many studies supported that LED had sim-
ilar reactions with laser [13,16–18,22,23]. LED is of many ad-
vantages compared with laser, it is more safety and cost-effec-
tive, easy to operation, can be used to irradiate large area at 

once and made into wearable device [18]. However, the light 
emission angle of LED is much larger than laser, which deter-
mines the nonuniform power density in irradiation. As the 
light uniformity of LED is important for evaluating the effects 
of PBM, the power density in the irradiation region should 
be uniform. We designed a new LED device, by arranging the 
distribution of LEDs in the 2 sides of the edge, with a unifor-
mity of power density >95%. In our study, we assessed the 
effects of PBM on MC3T3-E1 subclone 14 cells via newly de-
signed 630 nm and 810 nm LED devices. Obviously enhanced 
proliferation and reduced apoptosis were found following ir-
radiation. Alkaline phosphatase (ALP) staining intensity and 
activity were also significantly increased following irradiation. 
Compared with non-irradiated groups, calcium deposition was 
obviously increased in the irradiated groups. Finally, PCR re-
vealed significant increases in osteogenic gene expression in 
the irradiated groups.

Material and Methods

Cell culture

The mouse MC3T3-E1 subclone 14 cells was provided by the 
Cell Bank of the Chinese Science Academy. MC3T3-E1 cells 
were cultivated in ascorbic acid-free MEM-a supplemented with 
10% fetal bovine serum (Gibco, 10091148, CA, USA), 100 U/mL 
penicillin, and 100 U/mL streptomycin (Gibco, 10378016, CA, 
USA). Cells were sub-cultured using 0.25% trypsin (Gibco, 
25200056, CA, USA) containing ethylenediaminetetraacetic 
acid after reaching 90% confluence.

To induce osteogenesis, osteogenic medium containing 
50 ug/mL L-ascorbic acid (Sigma-Aldrich, 795437, St. Louis, 
MO, USA), 10 mM b-glycerophosphate (Sigma-Aldrich, G9422, 
St. Louis, MO, USA), and 10 nm dexamethasone (Sigma-Aldrich, 
D4902, St. Louis, MO, USA) was added. Medium and osteo-
genic factors were changed every 2 days.

LED irradiation

MC3T3-E1 cells were incubated in ascorbic acid-free culture 
medium for 24 hours, enabling cells to attach to the bottom 
of well, at which point the medium was changed to osteogenic 
medium, then cells were irradiated at 5 mW/cm2 for 200 sec-
onds every day with LED devices (630±5 nm and 810±10 nm, 
continuous wave), which were designed by the Institute of 
Semiconductors, Chinese Academy of Science. The irradiation 
parameters in detail was listed in Table 1. By arranging the dis-
tribution of LEDs in the 2 sides of the edge, the uniformities of 
power density of light within 6 cm of the center of the LED de-
vices were >95% (Figure 1A). To test the effect of PBM on prolif-
eration, cells were divided into a non-irradiated (control) group, 
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a 630 nm LED-irradiated group, and an 810 nm LED-irradiated 
group. To determine the effect of PBM on MC3T3-E1 differenti-
ation, the non-irradiated group was subdivided into osteogenic 
and non-osteogenic (control) groups. The distance between the 
bottom of the cell culture plate and the irradiation surface of 
LED device was 5 cm (Figure 1B). The power density could be 
adjusted through a direct current power supply. The power den-
sity was calibrated every time before irradiation using a spec-
tral power density meter (SENSING, SPD-370, Zhejiang, China).

Cell proliferation assay

MC3T3-E1 cells were seeded in 96-well plates (2000 cells/per 
well). Cell viability was evaluated 1, 3, and 5 days after the 
first irradiation treatment using Cell Counting Kit-8 (Beyotime, 
C0039, Shanghai, China). The optical density was measured at 
450 nm via an enzyme-linked immunosorbent assay (ELISA) 
plate reader (Bio Tek EPOCH TAKE 3, VT, USA).

Flow cytometric analysis

MC3T3-E1 cells were seeded in 6-well plates (4×105 cells/well). 
Cell apoptosis was detected using an annexin V-FITC/propid-
ium iodide (PI) kit (Beyotime, C1062, Shanghai, China). One 
day after irradiation, the cells were rinsed with phosphate-
buffered saline (PBS) and harvested. After centrifugation at 
1300×g for 3 minutes, 105 cells were resuspended in 195 μL 
of annexin V-FITC binding buffer, then 5 μL annexin V-FITC and 
10 μL PI were added. After incubation at room temperature 
for 20 minutes in the dark, the fluorescence of 10 000 events 
per sample were analyzed by flow cytometry (FACSCelesta; BD 
Biosciences, NJ, USA). Live cells (annexin V–/PI–), early apop-
totic cells (annexin V+/PI–), and late apoptotic cells (annexin 
V+/PI+) were distinguished.

ALP staining

MC3T3-E1 cells were seeded in 24-well plates (8×104 cells/well), 
incubated for 7 or 14 days after the first irradiation, and washed 
with PBS. Cells were fixed with citrate-acetone-formaldehyde 

Parameter

Wavelength 630±5 nm, 810±10 nm

Wave type Continuous wave

Power density 5 mW/cm2

Application time 200 s

Energy density 1J/cm2

Number of applications 1-time per day

Energy deposited per cm2 1 J

Distance of irradiation to bottom 
of plate

5 cm

Table 1. Irradiation parameters.

A B

Figure 1.  Overview of the light-emitting diode (LED) device. We arranged the distribution of many LED in the 2 sides of the edge 
and cover a glass in the irradiation surface to homogenize the light. (A) We measured the power density of 9 points in the 
interested field at a distance of 5 cm using a spectral power density meter.

The uniformity of light within 6 cm of the center of the LED device was >95%. (B) Overview of the irradiation process.
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fixative solution for 30 seconds and rinsed in deionized water 
for 60 seconds. The alkaline-dye mixture (Sigma-Aldrich, 86C, 
St. Louis, MO, USA) was prepared and incubated for 15 min-
utes. After incubation, cells were rinsed with deionized water 
for 120 seconds.

ALP activity assay

MC3T3-E1 cells were seeded in 6-well plates (4×105 cells/well), 
incubated for 7 or 14 days after the first irradiation, and washed 
with PBS. Cells were harvested in 100 µL/well of lysis buffer 
(Beyotime, P0013J, Shanghai, China) containing 20 mM Tris 
(pH 7.5), 150 mM NaCl, and 1% Triton X-100. Cells were cen-
trifuged at 12 000 g for 5 min at 4°C, after which the superna-
tants were used for ALP activity evaluation using the Alkaline 
Phosphatase Assay Kit (Beyotime, P0321, Shanghai, China). 
Samples were read using an ELISA plate reader at 405 nm. 
ALP activity was normalized to the total intracellular protein 
content, which was determined by the Enhanced BCA Protein 
Assay Kit (Beyotime, P0010S, Shanghai, China), with samples 
read using an ELISA plate reader at 562 nm. ALP activity is pre-
sented as mU/mg protein.

Extracellular matrix mineralization assay

To evaluate extracellular matrix mineralization, Alizarin Red S 
(pH 4.2) staining solution (Solarbio, G1452, Beijing, China) 
was used. MC3T3-E1 cells were seeded in 24-well plates 
(8×104 cells/well), and cultured for 21 days after the first irra-
diation, after which cells were washed with PBS without cal-
cium magnesium. Cells were then fixed with citrate-acetone-
formaldehyde fixative solution for 30 seconds. After fixation, 
cells were washed with deionized water and stained with the 
Alizarin Red S staining solution for 30 minutes. The unbound 
stain was removed with deionized water. Semi-quantitative 
analysis of Alizarin Red S staining was evaluated by eluting the 
bound stain with 200 µL of 10% cetyl-pyridinium chloride [8,24] 
in PBS for 2 hours at 37°C, as described previously [8,24]. To 
determine the amount of relative calcium deposition, the ab-
sorbance of 100 µL eluted solution was measured using the 
ELISA plate reader at 562 nm.

Quantitative real-time polymerase chain reaction 
(qRT-PCR)

MC3T3-E1 cells were cultured for 21 days under the same con-
ditions as that of the ALP activity assay. Twenty-one days after 
the first irradiation, cells were washed with PBS. RNA was col-
lected and purified using the RiboPure Kit (Ambion, AM1924, 
USA) with the RNase/DNase-Free set. cDNA was synthesized 
from 1 µg RNA with ReverTra Ace qPCR RT Master Mix (Toyobo, 
FSQ-201, Osaka, Japan) and treated as follows: 5 minutes heat 
denaturation at 65°C, 15 minutes reverse transcription at 37°C, 

5 minutes inactivation at 98°C, and hold at 4°C. SYBR Green 
Realtime PCR Master Mix-Plus (Toyobo, QPK-212, Osaka, Japan) 
was used for PCR amplification, which was performed as fol-
lows: 60 seconds at 95°C, followed by 40 cycles of denatur-
ation for 15 seconds at 95°C, annealing for 15 seconds at 60°C, 
and extension for 45 seconds at 72°C on a QuantStudio 7 Flex 
Real-Time PCR System (Applied Biosystems, Thermo Fisher 
Scientific, MA, USA). The primers were found in the primer 
bank (https://pga.mgh.harvard.edu/primerbank/). Primer se-
quences are shown in Table 2. The 2–DDCt method was used to 
quantify relative gene expression [25].

Statistical analysis

All data were reported as means±standard deviations of 
each group and were evaluated via ANOVA followed by the 
Student-Newman-Keuls post-hoc test. Differences were con-
sidered statistically significant at P<0.05.

Gene Sequence (5’®3’)

GAPDH
F: CCAACTCTTTTGTGCCAGAGA

R: GGCTACATTGGTGTTGAGCTTTT

OCN
F: CTGACCTCACAGATCCCAAGC

R: TGGTCTGATAGCTCGTCACAAG

OPG
F: CCTTGCCCTGACCACTCTTAT

R: CACACACTCGGTTGTGGGT

Table 2. Primers used for quantitative RT-PCR.

GAPDH – glyceraldehyde-3-phosphate dehydrogenase; 
OCN – osteocalcin; OPG – osteoprotegerin.
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Figure 2.  Effect of light-emitting diode (LED) 
photobiomodulation (PBM) on the proliferation of 
MC3T3-E1 cells. Cell viability assays were performed 1, 
3, and 5 days after the first irradiation. * P<0.05.

8747
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Chang B. et al.: 
The effects of photobiomodulation on MC3T3-E1 cells…
© Med Sci Monit, 2019; 25: 8744-8752

LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Results

Effects of PBM on cell proliferation

The proliferation rate of MC3T3-E1 cells was significantly en-
hanced in the irradiated groups compared with non-irradi-
ated controls from 1 to 5 days after the first irradiation, with 
no obvious difference between the 2 irradiated groups at any 
time point (Figure 2). Flow cytometric analysis showed that 
both 630 nm and 810 nm LED irradiation inhibited apoptosis 
of MC3T3-E1 cells (Figure 3). The results demonstrated that 
PBM had the capacity to promote proliferation and inhibit 
apoptosis in MC3T3-E1 cells.

Effects of LED PBM on ALP activity

ALP is an indicator of osteoblast differentiation. The addition 
of osteogenic medium significantly increased the intensity of 
ALP staining at 7 and 14 days. While the intensity of staining 
was higher in both the 630 nm- and 810 nm-irradiated groups, 
with similar effects between the 2 irradiated groups (Figure 4A). 
To better quantify these results, cells were examined using an 
ALP activity assay. The irradiated groups showed significantly 
higher ALP activity compared to non-irradiated groups, with 
similar effects seen between the 630 nm- and 810 nm-irradi-
ated groups (Figure 4B). These results suggest that PBM may 
promote MC3T3-E1 cell differentiation.
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Figure 3.  Effect of light-emitting diode (LED) photobiomodulation (PBM) on apoptosis of MC3T3-E1 cells. A representative histogram 
showing the distribution of annexin V and propidium iodide (PI)-labeled cells. Annexin V−/PI− (Q3) represented live cells, 
Annexin V+/PI− (Q4) represented early apoptotic cells, and annexin V+/PI+ (Q2) represented late apoptotic cells. (A) Control 
group. (B) 630 nm LED-irradiated group. (C) 810 nm LED-irradiated group. (D) A histogram depicting the percentage of 
apoptotic cells. Annexin V+/PI– (Q4)- and annexin V+/PI+ (Q2)-labeled cells were used for statistics. * P<0.05.
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Effects of LED PBM on extracellular matrix mineralization

Extracellular matrix mineralization results from calcium depo-
sition and serves as a late marker of osteoblast differentiation. 
After 21 days, levels of Alizarin Red S staining indicated sig-
nificant increases in calcification in both the osteogenic and 
irradiated groups; however, both the size and quantity of the 
calcifications in the irradiated groups were significantly great-
er than that of the osteogenic group (Figure 5A). To quantify 
the level of calcium deposition, we measured the absorbance 
of Alizarin Red S staining eluates at 562 nm. The absorbance 
was significantly higher in irradiated groups relative to non-
irradiated controls, with similar levels of absorbance between 
the 2 irradiated groups (Figure 5B). These results indicated 
that PBM could facilitate extracellular matrix mineralization.

Effects of LED PBM on osteogenic gene expression

To confirm that PBM could promote differentiation of MC3T3-E1 
cells, qRT-PCR was carried out to assess the effects of LED PBM 
on osteogenic gene expression. We examined the mRNA ex-
pression of osteocalcin (OCN) and osteoprotegerin (OPG), a key 
marker of late stage mineralization. OCN and OPG expressions 
were shown to be significantly increased in the irradiated 
groups compared to both the control and osteogenic groups, 
consistent with the idea that PBM could promote MC3T3-E1 
cell differentiation (Figure 6). Unlike previous assays, for OCN, 
this effect was significantly greater in the 810 nm-irradiated 
group, relative to the 630 nm-irradiated group.
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Figure 4.  Effect of light-emitting diode (LED) photobiomodulation (PBM) on alkaline phosphatase (ALP) staining and activity in 
MC3T3-E1 cells. (A) ALP staining (blue), and (B) ALP activity after 7 and 14 days. ALP activity was normalized to total protein 
content and presented as mU/mg protein. * P<0.05.
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Figure 5.  Effect of light-emitting diode (LED) photobiomodulation (PBM) on calcium deposition of MC3T3-E1 cells. (A) Calcium 
deposition was stained by Alizarin Red S and the calcium deposition nodules were stained red. Scale bar=1 mm. (B) Semi-
quantitative analysis of calcium deposition. The absorption of eluate was measured at 562 nm. * P<0.05.
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Discussion

Osteoporosis is a common aging disease that affects 200 mil-
lion people worldwide [26], which is characterized by an in-
creased risk of fragility. Alleviating bone resorption and in-
creasing bone formation is the most common strategy used 
to both treat and prevent osteoporosis [1,27]. Several drugs 
have been developed for this purpose, with most classified as 
either anabolic or antiresorptive [1,26,28–32], targeting osteo-
blasts and osteoclasts, respectively. Despite good overall ther-
apeutic profiles, the use of these drugs may be impeded by 
low adherence and adverse effects.

As a non-invasive therapeutic method, PBM had been used to 
promote tissue regeneration, alleviate pain, and reduce inflam-
mation [33–36]. In recent years, PBM received considerable atten-
tion due to its effects on osteoblast lines [10–14,16,17]. Red and 
near infrared light have been widely used in PBM for regulating 
bone cells. Numerous studies showed that red and near infra-
red light (630–810 nm) were able to increase proliferation, ALP 
staining and activity, calcium deposition, and osteogenic gene 
expression in several cell types [10–14,16,17,37,38], including 
bone marrow-derived mesenchymal stem cells, MC3T3-E1 cells, 
hypoxic-cultured human fetal osteoblasts, and human adipose-
derived stem cells. Increased ATP synthesis accompanied by up-
regulated ROS generation and transcription following PBM were 
shown to contribute to the proliferative effects [5]. Activation 
of Akt signaling may also mediate the osteogenic response of 
osteoblasts to red light [12]. Besides, activation of light-gated 
calcium ion channels may contribute to the promotive effects 
of 420 nm and 540 nm light in osteogenic differentiation [38].

Together, these studies provide strong evidence of a positive 
effect of PBM on osteogenic cell lines; however, contradictory 
findings have also been reported. Several studies have shown 
that PBM is not able to simultaneously promote proliferation 
and differentiation of osteoblast cells [12,16,17]. This inconsis-
tent effect of PBM on osteoblasts has largely been attributed to 
differences in the parameters used in different studies. Of note, 
most studies showed that PBM could promote osteoblast prolif-
eration and differentiation in vitro; similar effects have also been 
observed in vivo. Additional studies have also shown that PBM 
could increase the activity and density of osteoblasts [39,40].

Beyond its effects on osteoblasts, some studies have also 
demonstrated the potential of PBM to inhibit osteoclasto-
genesis [41,42]. Reduced ROS production has been proposed 
as a possible cause of reduced osteoclastogenesis following 
irradiation [41–43]. Moreover, many studies found that PBM 
could promote bone healing and improve bone quantity and 
strength in ovariectomized rats [39,40,44–46], in which near 
infrared light was more commonly used.

In recent years, LED had been widely used in other medical 
fields [19–21,47–51]. However, the light source of PBM in reg-
ulating osteoblasts was mainly focused on laser, and insuffi-
cient attention was paid to LED. The ultimate aim of studying 
the effect of LED PBM on osteoblasts was to treat osteoporosis. 
Although a previous study showed that 420 nm and 540 nm 
light was more effective than 660 nm and 810 nm light, due 
to the limitation of penetration depth [7], we did not choose 
on 420 nm and 540 nm light [38]. In our study, the effects of 
PBM on MC3T3-E1 cells were investigated using 630 nm and 
810 nm LED lights.

The proliferation was obviously enhanced from 1 to 5 days fol-
lowing irradiation (Figure 2). In addition, the promotive effect 
was similar between the 2 irradiated groups. Meanwhile, PBM 
inhibited apoptosis of MC3T3-E1 cells, which might contribute 
to the enhanced cell viability (Figure 3). Increased prolifera-
tion and decreased apoptosis might facilitate osteogenic dif-
ferentiation [52,53]. ALP, an indicative enzyme of osteoblast, 
was measured. The intensity of ALP staining was also signif-
icantly enhanced after irradiation relative to non-irradiated 
controls (Figure 4A). An ALP activity assay was further used 
to confirm these results, as these tests are more precise than 
ALP staining. Compared with non-irradiated groups, ALP ac-
tivity was obviously enhanced in irradiated groups at all time 
points tested (Figure 4B), which gave more support to ALP 
staining. Calcium deposition, the indicative marker in the late 
stage of osteoblast differentiation, was evaluated by Alizarin 
Red S staining. We observed more red nodules in the irradiated 
groups compared to osteogenic groups (Figure 5A). Because 
the nodules were 3-dimensional with significant variations in 
size, we decided to elute the calcium deposits and measure 
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Figure 6.  Effect of light-emitting diode (LED) 
photobiomodulation (PBM) on gene expression of 
MC3T3-E1 cells. Osteocalcin (OCN) and osteoprotegerin 
(OPG) expression was detected by quantitative real-
time polymerase chain reaction (qRT-PCR) after 21 
days. The 2–DDCt method was used to quantify relative 
gene expression. *P<0.05.
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the absorbance of the eluates to quantify the level of miner-
alization. The higher absorbance in the irradiated groups con-
firmed that irradiation could significantly promote calcium de-
position (Figure 5B). The enhanced mineralization levels were 
further supported by increases in OCN and OPG gene expres-
sion in the irradiated groups, relative to controls (Figure 6). 
Interestingly, the OCN expression was significantly higher in 
810 nm irradiation group than 630 nm group, which might 
show the superiority of 810 nm light in promoting osteoblast 
differentiation. These results showed that LED PBM had pro-
motive effects on MC3T3-E1 cells. The similar promotive effects 
between the 630 nm- and 810 nm-irradiated groups might at-
tribute to the similar amount of photons absorption by CCO. 
Considering the deeper penetration depth [54,55], 810 nm light 
was more appropriate in studying PBM on osteoporosis in vivo.

In our study, we presented one dose effect of PBM on MC3T3-E1 
cells. However, biphasic dose response was very common in 
the study of PBM [8,16,56,57]. The definition of dose was still 
controversial [5,58]. Power density, energy density, and total 
energy should be paid equal attention in the study of PBM.

The data presented here suggest that LED PBM might be a 
promising option for the management of osteoporosis. As light 
penetration depth is strongly influenced by the wavelength 
used [54,55], and is closely associated with therapeutic ef-
fects, further studies will be needed to identify the optimal 
wavelength and dose for therapeutic use.

Conclusions

In our study, we designed new LED devices to test the effects 
of PBM on MC3T3-E1 cells. Our results showed that LED PBM 
could promote the proliferation, ALP staining intensity and ac-
tivity, level of mineralization, gene expression of OCN and OPG 
of MC3T3-E1 cells, with no significant difference between the 
630 nm- and 810 nm-irradiated groups. LED PBM may therefore 
represent a promising strategy to modulate bone metabolism.
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