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Abstract

Background: It has been established that periodontal ligament stem cells (PDLSCs) have 
a significant impact on restoration of periodontal tissues, and optimizing their differen-
tiation into osteoblast is critical to improving clinical outcomes in periodontal regenera-
tion. Different non-invasive method, including photobiomodulation (PBM) and vitamin 
D supplementation, hold potential for enhancing Osteoblastic Differentiation. the pres-
ent work aimed at investigating the synergic impact of PBM by the use of a 980 nm di-
ode laser and vitamin D on the osteogenic differentiation and cell viability of PDLSCs.
Materials and Methods: Cultured PDLSCs were separated into six groups: 1. Control (no 
treatment), 2. Vitamin D, 3. PBM at 2 J/cm², 4. PBM at 2 J/cm² with Vitamin D (VD- 2 J/
cm²), 5. PBM at 4 J/cm², and 6. PBM at 4 J/cm² with Vitamin D (VD- 4 J/cm²). We evaluated 
cell viability using the methyl thiazolyl tetrazolium assay at 24 and 72 hours post-irradiation. 
For the osteogenic differentiation assessment, we measured expression of osteogenic genes, 
including Runt-related transcription factor 2(RUNX2), Osteocalcin (OCN), alkaline phos-
phatase (ALP), and Osteopontin(OPN), through quantitative reverse transcription-polymerase 
chain reaction. Additionally, Alizarin red staining was utilized for detecting calcification.
Results: All study groups demonstrated enhanced viability in comparison with the control at 
both time intervals, with the exception of the vitamin D group at 72 hours. The PBM (4 J/cm²) and 
VD-2 J/cm² groups exhibited the highest levels of cell viability, respectively. All study groups 
exhibited increased expression of osteogenic genes in comparison with control group. The larg-
est values were associated with groups that included both vitamin D and PBM. The calcification 
rate was markedly elevated in the VD-2 J/cm², VD-4 J/cm², and VD+OM groups, respectively.
Conclusion: The integration of photobiomodulation with vitamin D has been shown to improve min-
eralization and accelerate the osteogenic differentiation of PDLSCs, resulting in a synergistic effect.
[GMJ.2024;13:e3624] DOI:10.31661/gmj.v13i.3624
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Introduction

Local alveolar ridge defects can result from 
periodontal disease, tooth extraction, or 

traumatic injury. These defects may lead to 
aesthetic deformities of the ridge, as well as 
insufficient bone volume for implant place-
ment [1]. Consequently, in recent decades, nu-
merous techniques have been created to pre-
serve or restore the size of the alveolar ridge 
[2].  In these methods, biological or artificial 
non-living materials are frequently employed 
to repair existing bone defects [3]. Following 
extensive clinical studies in this area, invasive 
treatments have become less common and are 
being replaced by regenerative techniques, 
including cell therapy, gene therapy, and the 
application of synthetic and natural biomate-
rials, scaffolds, growth factors, and cytokines 
[4, 5]. 
Stem cells are undifferentiated and immature 
cells with the ability of replication for extend-
ed periods and differentiation into specific cell 
types and tissues [6]. A significant challenge 
in current research involving stem cell trans-
plantation is that only a trivial amount of the 
transplanted cells survive due to insufficient 
blood supply and nutritional stress [7].

Dental tissue stem cells are emerging as valu-
able candidates for tissue regeneration [8]. In 
contrast to the intricate process of harvest-
ing mesenchymal stem cells (MSCs) from 
such sources as bone marrow or adipose tis-
sue—procedures that can be challenging for 
patients—the extraction of these cells from 
non-essential organs, such as third molars, is 
relatively straightforward [9]. Periodontal lig-
ament (PDL) contains a significant number of 
periodontal stem cells with easy isolation and 
culturing under laboratory conditions. Fur-
thermore, these cells possess the potential for 
future clinical applications or storage in a cell 
bank [10, 11]. 
PDLSCs possess the capability to produce 
PDL, alveolar bone, cementum, peripher-
al nerves, and blood vessels [8]. Numerous 
research conducted on laboratory animals 
has demonstrated the effective capability of 
PDLSCs in promoting regeneration of certain 
periodontal defects[12, 13]. For instance, the 
application of PDLSCs in periodontal defects 
in mice enhances regeneration by facilitating 
the construction of PDL, new bone, and ce-
mentum-like tissue, all while minimizing in-
flammation [13]. Photobiomodulation (PBM) 
is a type of light therapy utilizing non-ion-

Figure 1. MTT results – 24 h; VD: vitamin D, Cont: Control
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izing light sources, like LEDs, lasers, and 
broadband light, in the near-infrared and vis-
ible spectrum. This non-thermal mechanism 
induces photophysical and photochemical 
phenomena across multiple biological scales 
[14]. 
Research indicates that active physical fac-
tors, including PBM, electromagnetic fields, 
ultraviolet radiation, and the existence of cer-
tain proteins like bone morphogenetic protein 
(BMP), can effectively improve the prolifera-
tion and differentiation of MSCs [15]. While 
the incorporation of these proteins notably 
elevates treatment costs, PBM presents a via-
ble alternative for achieving similar outcomes 
[16, 11]. Photobiomodulation energy is taken 
up by specific chromophores in cells, result-
ing in alterations in molecular energy, enzyme 
conformation, ion channel activity, and pro-
tein structure. These relatively minor modi-
fications can subsequently activate signaling 
pathways, gene expression, and transcription 
factors [14]. 
According to research findings, vitamin D 
shows a direct anabolic influence on osteo-
blasts and also indirectly support bone growth 
by improving calcium absorption [17]. More-
over, 1,25-(OH)2D3, the biologically active 
form of vitamin D, facilitates differentiating 
MSCs into osteoblasts in vitro. This process 
primarily occurs through 1,25-(OH)2D3 bind-
ing to the nuclear vitamin D receptor, which 
subsequently stimulates the expression of os-
teogenic genes, e.g., collagen type I (Col-1), 
RUNX2, osteonectin, osteopontin, and alka-
line phosphatase (ALP)  [18].

Regenerative dentistry explores application 
of dental stem cells in conjunction with os-
teoinductive materials. A systematic review 
conducted by Firozi et al. in 2022 indicated 
that, although photobiomodulation treatment 
demonstrates beneficial effects on dental stem 
cells, the available data does not offer clear 
recommendations on the ideal physical pa-
rameters necessary to improve cell viability, 
proliferation, and differentiation [8]. Studies 
support the influence of vitamin D and pho-
tobiomodulation separately on stem cells’ dif-
ferentiation or proliferation [19, 20]. Howev-
er, there is limited data on the combined use 
of these agents [21, 22]. Achieving optimal 
efficiency and therapeutic results clearly de-
pends on using the most appropriate parame-
ters, including wavelength and energy density. 
Therefore, this research was designed for ex-
amining the photobiomodulation effects using 
a 980 nm diode laser at 2 and 4 J/cm² energy 
densities, in conjunction with vitamin D, on 
the osteoblastic differentiation of PLSCs.

Materials and Methods

Preparation and Cultivation of Stem Cells
Dental Research Institute of Tehran Univer-
sity of Medical Sciences provided Human 
PDL stem cells (PDLSCs). The cells were 
cultured on Dulbecco’s Modified Eagle Me-
dium (DMEM) with 1% (idehZist) penicillin/
streptomycin, 10% fetal bovine serum (Gibco, 
UK), and L glutamine (Cegrogen, Germany) 
at a temperature of 370C with 5% CO2 and 
95% humidity. The third and fourth passages 
of cells were utilized for laboratory purposes.

Sample Size
Size of the sample in this study was calculated 
separately for each dependent variable, name-
ly cell viability, gene expression, and calci-
fication rate, using G-Power version 3.1.9.7 
software (Erdfelder,Faul,& Buchner,1996), 
assuming alpha=0.05, and study power of 
0.80. Accordingly, the minimum sample size 
required for assessing the viability of cells by 
the methyl thiazolyl tetrazolium (MTT) assay 
was calculated to be 5 units of stem cells in 
each group (a total of 60 units for assessment 
of six groups at two different time points). 
The minimum sample size to assess these four 

Table 1. Nucleotide Sequence of PCR Primers
Gene 

name
Sequence

OCN
F-TCACACTCCTCGCCCTATTG
R-GCTCCCAGCCATTGATACAG

OPN
F-TCCAACGAAAGCCATGACCA
R-GCAGGTCCGTGGGAAAATCA

GAPDH
F-CACATGGCCTCCAAGGAGTAA

R-TGAGGGTCTCTCTCTTCCTCTTG

ALP
F-GCTGTAAGGACATCGCCTACCA
R-CCTGGCTTTCTCGTCACTCTCA

RUNX2
F-GGAGTGGACGAGGCAAGAGTT
R-GGTTCCCGAGGTCCATCTACT
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gene expressions was calculated to be 3 units 
in each group (a total of 72) The minimum 
sample size for the assessment of calcification 
was calculated to be 10 units (a total of 180) 
[22].

Preparation of Vitamin D
1,25-(OH)2D3, the active form of vitamin D 
(PH, Eur, India) was prepared and diluted to 
a concentration of 10-7 mol in methanol. 1000 
IU of the solution was added to the groups 
with vitamin D (19). 

Photobiomodulation Therapy
A diode laser functioning at a wavelength of 
980 nm (Wiser, DoctorSmile®, Lambda SPA, 
Italy) was employed in this investigation. The 
laser handpiece, with a spot size of 0.5 cm², 
was positioned both perpendicularly and tan-
gentially to the surface of the well. The de-
vice›s output power was calibrated to 100 mW 
in continuous irradiation mode (output power 
was measured using a calibrated power meter) 
. The irradiation durations were established at 
10 and 20 seconds, yielding 2 and 4 J/cm² as 
energy densities [23-25].
The procedures were carried out in a dark en-
vironment under a laminar flow hood. To mit-
igate light interference with adjacent samples, 
the wells surrounding the sample wells were 
kept unoccupied.

Study Groups
PDLSCs were moved to 96-well plates and 
randomly grouped as follows:
1. Control group: cells in the culture medium 
without any intervention (OM)
2. Cells received vitamin D (VD), 
3. Cells subjected to 2 J/cm2 laser radiation 
(2 J/cm2), 
4. Cells received vitamin D in combination 
with 2 J/cm2 laser radiation (VD 2 J/cm2), 
5. Cells subjected to 4 J/cm2 laser radiation 
(4 J/cm2)
6. Cells received vitamin D in combination 
with 4 J/cm2 laser radiation (VD 4 J/cm2)

Cell Proliferation (MTT Assay) 
For studying the impact of laser and vitamin 
D, cells (10x106 per well) were placed in a 96-
well plate, followed by incubation for 24 h. In 
order to evaluate the metabolic activity of the 
cells through the number of living cells, the 
cell viability test was conducted 1 and 3 days 
after the last radiation. First, the surface liquid 
was removed from the samples, then 50 µl of 
MTT solution was added and sample incuba-
tion was done for 3-4 hours at 37° c with 5% 
CO2. Lastly, MTT solution (TACS, trevigen 
USA) was separated and 60 µl of dimethyl 
sulfoxide solution was added. The amount 
of light absorption at the wavelength of 570 
nm was specified by ELISA reader. The level 

Figure 2. MTT results- 72 h;  VD: vitamin D, Cont: Control
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of light absorption is straightly related to the 
number of viable cells in the culture.

Quantitative RT-PCR Analysis
Two weeks following the second radiation, 
RT-PCR was employed to evaluate the expres-
sion of osteogenic genes. For this purpose, 
RNAs related to RUNX2, osteocalcin, osteo-
pontin and ALP genes were extracted using 
RNX Plus (Cinagen, Iran) based on the man-
ufacturer's instructions. The optical density 
(OD) was assessed in order to evaluate the ex-
tracted RNA’s quality at 260 nm and consider-
ing the OD260/OD280 value for each sample 
using NanoDrop (an OD260/OD280 value of 
~2.0 indicates pure RNA). Add Bio kit (South 
Korea) was used to synthesize cDNA from 1 
μg of RNA. Real-time polymerase chain reac-
tion (PCR) was carried out on a LightCycler® 
96 system (Roche, Basel, Switzerland) with 
(SMO BIO, China) SYBR Green PCR Mas-
ter Mix. The results were analyzed using the 
2-ΔCT approach. The nucleotide sequence of 
PCR primers is detailed in Table-1.
The level of expression of these genes was 
checked with GAPDH as a house keeping 
gene [22].

Alizarin Red Staining
Alizarin red staining test was done 21 days 
after the last radiation by staining with 1% 

alizarin to check the amount of osteoblasts 
and calcification created. For inducing osteo-
blastic differentiation, we placed cells with a 
density of 80,000 cells per well in a 24-well 
plate, followed by culturing in osteogenic 
media consisting of DMEM containing 5% 
fetal bovine serum, ascorbic acid (50 μg/ml) 
(Sigma Aldrich, Germany), dexamethasone 
(10 nM), and b-glycerophosphate (10 mM). 
The culture medium was replaced with fresh 
medium every two days. Cells treated with 
basic DMEM containing 1% penicillin/strep-
tomycin and 10% FBS were considered as the 
negative control of the osteogenesis method.
To visualize calcified nodules, cell cultures 
were rinsed with phosphate-buffered saline 
twice, fixed with 10% formalin (Roth, Ger-
many) for 10 min and hydrated with distilled 
water (1 ml) for 5 min. Then, 200 microliters 
of 1% alizarin red (Sigma, Germany) (pH 4.0) 
were used for staining. The alizarin red solu-
tion was eliminated, the cultures were washed 
using PBS for 15 minutes and the staining op-
tical density was calculated using macroscop-
ic images and Image J software (National In-
stitutes of Health, Bethesda, Maryland, USA) 

Statistical Analysis
R software version 4.2.1 was applied for ana-
lyzing research data (R Core Team, Austria), 
along with the dplyr, static, and PMCMR 

Figure 3. Mean of RUNX-2 gene expression; VD: vitamin D, OM: osteogenic medium
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plus packages. If the necessary assumptions 
were established, the parametric ANOVA test 
was used along with Tukey test for between 
groups comparison. The non-parametric Kru-
skal-Wallis test was applied and if the neces-
sary assumptions were not established.
The analysis of cell viability data, which ex-
hibited a normal distribution as verified by the 
Shapiro-Wilk test (P>0.05) and demonstrated 
homogeneity of variances according to Lev-
ene’s test (P>0.05), utilized one-way ANOVA 
for assessing the impact of laser irradiation 
and vitamin D. 
Subsequently, the Tukey test was employed to 
conduct pairwise comparisons of cell viability 
outcomes.

Results

MTT Assay
The necessary sample size for this hypothe-
sis concerning survival rates was established 
as five wells per group. Twenty-four hours 
after irradiation, the ANOVA test indicated a 
statistically significant difference in viability 
among the groups (P<0.05). All intervention 
groups demonstrated a significant elevation in 
cell viability compared to the control group. 
The group with 4 J/cm² laser irradiation ex-
hibited the highest measured viability, while 

the control group demonstrated the lowest av-
erage viability.  When comparing the Vitamin 
D group with the PBM groups, a significant 
difference was observed solely between Vita-
min D and the 4 J/cm² laser irradiation. The 
combination of laser treatment and Vitamin 
D did not show a significant improvement in 
outcomes in comparison with either PBM or 
Vitamin D administered independently. Pair-
wise comparisons among the groups are de-
picted in Figure-1.
In the 72 hours following irradiation, the 
group exposed to VD at 2 J/cm² exhibited 
the highest average viability, while the con-
trol group demonstrated the lowest average 
survival rate. At this time point, we did not 
observe any significant difference in viability 
between the control and VD group. Both irra-
diation groups effectively enhanced viability, 
and the combination of VD with PBM at 2 J/
cm² produced a synergistic effect. A visual 
representation of the multiple comparisons 
among the groups is provided in Figure-2. 

RUNX2 Gene Expression
It is important to highlight that in this section, 
the group designated as OM (Osteogenic me-
dium) served as the reference group. Given 
the assumptions of independence, normality, 
and homogeneity, the ANOVA test was em-

Figure 4. Mean of Osteopontin gene expression; VD: vitamin D, OM: osteogenic medium
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ployed. 
The hypothesis regarding the significance 
of the impact of radiation and vitamin D on 
RUNX2 gene expression was validated at a 
5% significance level. Furthermore, the effect 
size index, Eta², was calculated to be 0.98, 
indicating a substantial difference in RUNX2 
gene expression levels among the various 
groups of ligament stem cells (Figure-3). This 
finding suggests that the combination of pho-
tobiomodulation (PBM) and vitamin D, along 
with variations in energy density, significantly 
influences RUNX2 gene expression. The high-
est gene expression was seen in VD in combi-
nation with 4 J/cm2 laser irradiation.
Osteopontin Gene Expression
The VD 4J/cm² group exhibited the highest 
average osteopontin gene expression, while 
the OM group demonstrated the lowest aver-
age expression. Following the validation of 
the necessary assumptions, an ANOVA test 
was conducted. The analysis showed notable 
differences in levels of gene expression across 
the six groups (P<0.05). Notably, all groups 
displayed higher osteopontin gene expres-
sion in comparison with the reference group. 
This result indicates that photobiomodulation 
(PBM) at a wavelength of 980 nm, in conjunc-
tion with vitamin D, positively influences os-
teopontin gene expression levels (Figure-4). 
The data further substantiated the synergistic 

effects of vitamin D and laser irradiation.

Osteocalcin Gene Expression
The group exposed to 4J/cm² irradiation in 
combination with vitamin D exhibited the 
highest average of osteocalcin gene expres-
sion, while the control group demonstrated the 
lowest average. Given the rejection of the as-
sumption of normality, the Kruskal-Wallis test 
was employed for evaluating the effectiveness 
of the treatments. The findings indicated that 
PBM at a wavelength of 980 nm and vitamin 
D, significantly influenced osteocalcin gene 
expression levels in PDLSCs at a 5% signif-
icance level. Furthermore, the results from 
Conover’s rank multiple comparisons test, ad-
justed using the Bonferroni method, revealed 
significant differences among all groups, with 
the exception of the 2J/cm² irradiation group, 
when compared to the OM group (Figure-5). 
Also, this finsing showed the synergistic ef-
fects of vitamin D and laser irradiation.

ALP Gene Expression
The highest average of ALP gene expression 
was related to the VD 2J/cm2 group and the 
smallest average was related to OM group. 
According to the confirmation of the relevant 
assumptions from the ANOVA test to check 
the effectiveness of the use and the results are 
given in the form of a bar chart (Figure-6).

Figure 5. Mean of osteocalcin gene expression; VD: vitamin D, OM: osteogenic medium
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No significant differences were noted between 
VD and 4J/cm² groups and the reference 
group; conversely, all other groups demon-
strated elevated levels of ALP gene expres-
sion versus reference group.

Calcification Rate
In order to conduct this experiment, a Con-
trol group was incorporated alongside the 
study groups, specifically for the purpose of 
assessing calcification levels. It is important 
to highlight that the necessary sample volume 
for this hypothesis was established at 10 wells 
containing cells for each group. The group ex-
hibiting the highest mean calcification was the 
VD 2J/cm2 group, while the negative control 
group, which lacked osteogenic culture me-
dium, demonstrated the lowest average. The 
calcification values recorded for the various 
groups were independent and conformed to 
a normal distribution, although they did not 
exhibit homogeneity. Furthermore, the effect 
size index was calculated to be 0.92, signi-
fying a substantial difference in calcification 
levels across the different groups (Figure-7). 

Discussion

This research sought to investigate the im-
pact of PBM utilizing a 980 nm diode laser 
in conjunction with vitamin D on osteogenic 
differentiation and proliferation of PDLSCs. 
According to the research findings, both vi-

tamin D and PBM significantly enhanced cell 
proliferation and promoted expression of os-
teogenic genes and calcification, particularly 
when vitamin D was administered alongside 
PBM. 
In our study, we applied PBM using 980 nm 
diode laser. Wang et al. [26] showed that PBM 
at different near-infrared wavelengths may 
induce different cellular mechanisms. They 
reported that the 810 nm laser at an energy 
density of 3 J/cm2 showed the best impact 
on proliferation rate of adipose stem cells. In 
contrast, the optimal energy density by 980 
nm laser was detected at a considerably low-
er energy density of 0.3 or 0.03 J/cm2. In our 
study, only 980 nm wavelength was utilized. 
Our data showed the efficacy of 980 nm me-
diated PBM on increase of proliferation of 
PDLSCs. Future research should be structured 
to incorporate multiple wavelengths, facilitat-
ing the comparison of outcomes.
 Similarly, Abdelgawad et al. [24] examined 
the impact of 808 nm laser radiation and vi-
tamin D supplement on PDLSCs. They ob-
served an elevation in formation and miner-
alization of mineralized nodules in all studied 
groups, which was detected through alizarin 
red staining test. They reported that irradia-
tion with 2 J/cm2 + vitamin D had the highest 
number of calcified nodes and deep staining 
compared to other groups that was in consis-
tence with our findings. Review of literature, 
revealed the efficacy of different PBM dosim-

Figure 6. Mean of ALP gene expression; VD: vitamin D, OM: osteogenic medium
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etry, including 940 nm (4 J/cm2) [27], 980 nm 
(5 J/cm2) [28], and 660 nm (2, 4 J/cm2) [25] 
in significantly increasing mineral tissue for-
mation, which aligns with our findings.
Hong et al.[29] assessed the mRNA levels of 
ALP, the vitamin D3 receptor (VDR), and col-
lagen-1 (Col-1), osteocalcin (OCN) following 
a two-week incubation with vitamin D (cal-
citriol). The application of vitamin D at con-
centrations ranging from 7 to 10 molar result-
ed in an upregulation of gene expression for 
all examined markers in MSCs resulting from 
the alveolar periosteum (P-MSCs) throughout 
the duration of the study. In our study, vitamin 
D alone did not cause a significant difference 
in ALP expression compared to the control 
group; however, the 2 J/cm² VD and 4 J/cm² 
VD groups presented a significant rise in ALP 
expression. Regarding the osteocalcin expres-
sion, the VD group exhibited a small but sig-
nificant rise in comparison with the control.  
Additionally, Ji et al. elucidated the 1,25-D3 
role in promoting the osteogenic differentia-
tion of PDLSCs by increasing the ALP and os-
teopontin expression, along with the RUNX2 
gene.  In Ji's study, it was concluded that 
treating PDLSCs with vitamin D3 inhibited 
cell proliferation while promoting osteogenic 
differentiation. This outcome may be attribut-
ed to variations in the osteogenic culture en-
vironment, and differences in the vitamin D 

concentration [30].
Stem cells are pluripotent; i.e., these cells 
have the ability of differentiation into vari-
ous cell lineages; however, this differentiation 
does not occur spontaneously. Suitable in vi-
tro conditions are crucial for osteogenic dif-
ferentiation. In this study, ALP gene expres-
sion and mineral deposition (alizarin red test) 
significantly increased in the 2 J/cm² VD and 
4 J/cm² VD groups. These findings are consis-
tent with the ability of PLSCs for differentiat-
ing into bone cells.
In Abdelgawad et al.'s study [24], RUNX2 
levels measured on the 21st day demonstrat-
ed significant differences across all groups 
(P˂0.0001), particularly with the 810 nm (2 
J/cm²) radiation groups showing higher val-
ues in comparison to the 1 J/cm² groups. The 
group treated with 2 J/cm² laser irradiation 
along with vitamin D cultivation showed the 
highest RUNX2 expression. The analyzed data 
indicated that the combination of vitamin D 
and radiation had a more pronounced effect 
than groups receiving only laser radiation 
or vitamin D alone. In Wu's study [25], ex-
posure to a 660 nm laser at energy densities 
of 2 J/cm² and 4 J/cm² was shown to enhance 
bone differentiation and elevate the expres-
sion of the RUNX2, BMP2, and ALP genes 
by the third day post-irradiation. The findings 
from these two studies support one another. 

Figure 7. Mean of calcification; VD: vitamin D, OM: osteogenic medium



In the present investigation, all experimen-
tal groups, with the exception of the 2 J/cm² 
group, demonstrated increased osteocalcin 
expression levels relative to the control, with 
the highest expression observed in the 4 J/cm² 
VD and 2 J/cm² VD groups. In the study of 
Alhazmi et al. [30] PBM  with 980 nm laser 
at fluencies of 1.5 and 3.5 J/cm² led to a sig-
nificant rise in OCN mRNA expression in gin-
gival-derived mesenchymal stem cells using 
both PBM groups compared to the groups that 
did not receive treatment (P<0.05). Neverthe-
less, there were not any significant differences 
(P<0.05) in expression of OCN between the 
two PBM groups. Our findings did not align 
with those of Alhazmi's study, where differ-
ent radiation densities (2 and 4 J/cm²) showed 
significant differences, and the lower density 
(2 J/cm²) did not lead to a significant increase 
in gene expression.
Wu et al. [25] suggested that the unique influ-
ence of PBM in enhancing differentiation of 
stem cells might be attributed to a shift in the 
metabolic profile from glycolysis to oxidative 
phosphorylation that is crucial for the stem 
cells’ osteogenic differentiation. While the 
mechanisms behind the effects of PBM were 
not the focus of the current study, Wu's find-
ings appear plausible given the importance of 
energy supply for differentiation and prolifer-
ation processes.
The PBM stimulatory effects at an energy 
density of 2 J/cm² were greater than or equal 
to those noted in the 4 J/cm² group across all 
parameters in this work. This suggests that an 
energy density of 2 J/cm² is optimal to achieve 
favorable outcomes in cell viability, calcifica-
tion, and the expression of osteogenic genes 
(excluding OCN). Our results align with those 
of Choi's study [31] , which indicated that the 
stimulatory effects of PBM were evident at 
energy densities below 4 J/cm², while higher 
energy doses led to inhibitory effects of PBM. 
The detrimental effect of an 808 nm laser at an 
energy density of 4 J/cm² on the promotion of 
osteoblast differentiation was also document-
ed by Bouvet-Gerbettaz et al [32]. Also, in 

Alhazmi's study [30], 980 nm mediated PBM 
with 1.5 and 3 J/cm2 energy density elevat-
ed expression of odontogenic and osteogenic 
markers. In both groups treated with DMP1, 
PBM, DSPP, and RUNX2 showed a signifi-
cantly increased expression levels compared 
to the control group. In addition, these mark-
ers (with p value below 0.05) showed a higher 
expression in 1.5 J/cm2 PBM group compared 
to 3J/cm2 group.
Our study encountered some limitations, in-
cluding the availability of a laser with a re-
stricted optical spectrum. Additionally, the 
presence of numerous variables and groups 
under investigation hindered the inclusion of 
more wavelengths in the study.
In many studies, only one or two wavelengths 
of photobiomodulation (PBM) are utilized, 
and the results are presented relatively, mak-
ing it challenging to compare findings across 
different studies. To determine the most ef-
fective radiation conditions, a study incor-
porating multiple wavelengths, along with 
a control group and consistent conditions, is 
recommended.

Conclusion

Despite the limitations of this study, it ap-
pears that photobiomodulation with a 980 nm 
laser at energy densities of 2 J/cm² and 4 J/
cm², combined with vitamin D, can improve 
mineralization and accelerate the osteogenic 
differentiation of PLSCs. In this study, the 
concurrent application of these two factors re-
sulted in a significant amplification of these 
effects, demonstrating a synergistic effect, al-
though more studies with different irradiation 
protocols are needed to validate our data.
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