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Introduction
The repair of bone defects is an important health issue not 
yet completely resolved. Thus, novel potential therapeutic 
methods are urgently needed. So, the application of 
photobiomodulation (PBM), as well as nanomaterials can 
solve different problems in bone healing.1-4

Photobiomodulation therapy (PBMT) utilizes 
low-power laser light, light emitting diodes, or non-
coherent light to activate natural chromophores (such 
as cytochrome C oxidase & intracellular water) within 
cells. This stimulation triggers photophysical and 
photochemical processes at different biological levels, 
resulting in medicinal effects.5-7

Continuous mode near-infrared (NIR) lasers are the 
most prevalent type of PBM. Biostimulatory impacts 
are contingent upon various parameters, with the dose 
and wavelength being the most significant. It has been 
proposed that by employing PBM at an appropriate dose 
and within the near-infrared spectrum, it is possible to 

improve the efficacy of promoting bone remodeling and 
healing. Consequently, PBM has emerged as a promising 
alternative therapy in the field of bone regeneration. 
Nevertheless, various investigations utilize distinct 
parameters of PBM, and cumulative information on the 
utilization of PBM to enhance bone formation in clinical 
investigations is limited.8-13

Bone promotes vascularization, osteoblast activity, 
cell proliferation, and collagen deposition, according to 
several prior studies. LLLT promotes the formation of new 
bone and enhances the expression of osteogenic genes in 
the early phases of bone repair.5,14-18.

The domain of nanotechnology has witnessed significant 
advances in recent years, particularly with regard to the 
utilization of nanomaterials in regenerative medicine. 
Numerous published studies have provided evidence of 
the application of nanomaterials in the process of bone 
regeneration.19-20

Additionally, nano-bone, which is composed of granules 
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Abstract
Introduction: Recently, the positive effects of photobiomodulation (PBM) and nano-bone on 
bone regeneration have garnered significant attention. The purpose of the research was to assess 
the impact of PBM and nano-bone on the process of mandibular bone repair in mice.
Methods: A 4-mm diameter bone defect was created in the left mandibular angle of 24 mice 
separated into 4 equal groups: group I: control; group II: PBM by irradiation at 100 mW of a 
980 nm diode laser for one minute (three sessions per week; day on and day off); group III: 
nano-bone; group IV: PBM with nano-bone. Every group was sectioned into 3 equal subgroups 
corresponding to the evaluation method period: (A) one week, (B) two weeks, and (C) four 
weeks. Histological examination was done with hematoxylin, eosin, and Masson’s Trichrome 
after one, two and four weeks for inflammation, bone defect coverage, vascularization within 
the newly formed bone, and new bone formation. Statistical analysis of the data was done and 
presented as percentage values using chi-square. The significance level was set at P value ≤ 0.05 
within all tests. 
Results: In general, by histological examination of the mandibular bone defect of the rats, the 
intensity of inflammation was the least in group IV when compared with groups II and III and the 
control group at all evaluation periods (P < 0.001). Also, group IV showed a high significant rise 
in the percentage of new bone formation following four weeks when compared with the control 
(P ≤ 0.001) and groups II and III (P < 0.001). 
Conclusion: The present research results confirmed that the combination of PBM and nano-bone 
can aid in the repair of mandibular bone abnormalities. This animal study suggests that the use 
of PBM and nano-bone should be investigated further in clinical studies.
Keywords: Photobiomodulation; Nano-bone; Bone regeneration; Rats.
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smaller than one hundred nanometers, is available for 
purchase. The nanostructure of bone exhibits a higher 
degree of similarity to that of natural hydroxyapatite. The 
favorable biological impacts of nano-bone are due to its 
larger surface area, surface roughness, and wettability 
include enhanced protein adsorption, improved adhesion 
of the osteoblasts and mesenchymal stem cells (MSCs), 
differentiation and proliferation, and enhanced osteoclast 
response.21-23

Important criteria for successful bone regeneration 
include the osteoinductivity, biocompatibility, and 
mechanical properties of nano-bone. Furthermore, the 
response to bone formation can be altered by modifying 
the mechanical environment. Furthermore, the efficacy 
of biomaterials in promoting bone healing is significantly 
influenced by their biocompatibility. Among these 
properties, osteoinductivity stands out as the most critical, 
as it is responsible for stimulating the formation of new 
bone.23-26

Several investigations have been undertaken on the 
application of nano-bone for bone regeneration. Although 
several studies have examined the potential of PBMT 
(utilizing various types and low-power lasers) to improve 
bone regeneration, there is a scarcity of data regarding the 
combined application of PBMT and nano-bone in this 
regard. The purpose of this investigation was to assess the 
impact of PBM and nano-bone on the rate of mandibular 
bone regeneration.

Null hypothesis: Neither PBM nor nano-bone has an 
influence on the regeneration of a rat’s mandibular bone. 
 
Material and Methods
Selection of the Animals
Animals used in this study were 24 male Wistar rats aged 
9 to 12 weeks, with a weight range of 240-260 g. The rats 
were housed in suitable cages, with six animals per cage. 
Each mouse was individually identified by a marking on 
its tail. The rats were maintained under a twelve-hour 
light-dark cycle and had unrestricted access to water and 
food.27

Anesthesia of Rats 
Rats were anesthetized by using ketamine chloride 
(Clorketamin 1000; Vetoquinol, Fort Worth, TX) 5 mg/
kg intramuscularly with the injection of xylazine chloride 
(Eurovet Animal Health B.V., Bladel, The Netherlands) 
three milligrams per kilogram to obtain muscular 
relaxation, and then local injections of a solution 
containing epinephrine and half percent lidocaine were 
administered to anaesthetize the gingival tissues of the 
mandible. This was done to reduce pain and bleeding 
throughout the procedure.27

Surgical Procedure
Unilateral mandibular defects were created in all twenty-

four anesthetized rats as labelled previously.28 In brief, 
bone defects were made near the angle of the left side of 
the mandible with a 4-mm circular drill in a low-speed 
handpiece under constant sterile saline coolant after 
a full thickness flap reflected to expose the mandible 

under general anesthesia. Finally, the soft tissue was 
repositioned, and the incision was closed with sutures 
made of five to zero nylon thread (Figure 1).

Rats were given buprenorphine (using a formula 
depending on their weight) every twelve hours over 
a period of three days to manage pain after surgery. 
Additionally, the mice were fed a soft food diet for one 
week following the operation.28 

Laser Irradiation Technique
The laser irradiation of mandibular rat bone defects in 
group II and group IV was carried out with a continuous-
wave 980-nm diode laser (Den Lase. China) at output 
power of 100 mW for 60 seconds (30 seconds labial and 
30 seconds Lingual) three times (day on and day off) 
for PBM with a standard handpiece (Gaussian beam) in 
non-contact mode 2-mm away from the bone defect5,10 
(Figure 2 and Table 1).

Application of Nano-bone Material
According to the manufacturer’s instructions, Nano-
Bone ((Dentaurum, Germany) was applied locally to a 
bone defect after being mixed with saline until a sticky 
paste consistency (Figure 3).

Experiment Design
The Twenty-four rats with mandibular bone defects were 
randomized by simple random sampling and separated 
into 4 equal groups: group I: control; group II: PBM by 
irradiation at 100 mw of a 980 nm diode laser for one 
minute; group III: nano-bone; group IV: PBM with nano-
bone. 

Histological Analysis
Rat mandibular specimens were obtained at one, two, and 
four weeks post-surgery and preserved in a four percent 
paraformaldehyde phosphate buffer (Fujifilm Wako 
Chemical, Osaka, Japan). The collected samples were 
decalcified by soaking them in a solution containing ten 
percent of ethylenediaminetetraacetic acid for a period of 
fourteen days at normal room temperature. Subsequently, 
the samples were dehydrated by using a series of ethanol 
solutions and finally embedded in paraffin. The sections 
were produced with a three-micrometer thickness in the 
anteroposterior plane. To conduct a descriptive study, 
we applied hematoxylin and eosin to each section. In 
addition, Masson’s trichrome staining was utilized 
for histochemical investigation. This staining method 
revealed the newly formed collagen and osteoid by a blue 
or green reaction, while the cytoplasm of the cells was 
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indicated by a red reaction.27-30

Statistical Analysis
We used the frequencies and percentages of categorical 
data in the chi-square test for analysis. In each of the 
experiments, the level of significance was established 
at P ≤ 0.05. We conducted the statistical analysis using 
Version 20 of IBM® SPSS® Statistics for Windows.

Criteria for Histological Evaluation
The histology slides were examined by a pathologist in a 
blind manner, meaning they were ignorant of the precise 

Figure 1. Surgical Steps for Induction of Bone Defect in the Rat Mandibula. (a) Rat anaesthesia, (b) local anaesthesia in the surgical site, (c) surgical incision, (d) 
retraction of the flab, (e) drilling of bone defect, (f) bone defect (g) cleaning the surgical field, (h) suturing the surgical site, (i) surgical site after suturing

Figure 2. Laser Irradiation Technique for Mandibular Rat Bone Defects. (a) 980 nm diode laser (Denlase), (b) laser biostimulation tip, (c) laser irradiation of 
bone defect

Table 1. Laser Parameters used in This Study

Parameters Diode Laser 

Wavelength 980 nm (Den Lase. China)

Mode Continuous wave

Power 100 mw

Tip Biostimulation tip

Position 2 mm from the tooth surface

Exposure time
30 seconds for two times with a total exposure 
time of one minute

Number of laser sessions three times (day one and day off)
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bone regeneration procedure or time interval associated 
with each slide. The pathologist assessed the severity of 
inflammation and the amount of bone apposition. The 
slides were evaluated based on the criteria and scoring 
system outlined in Table 2. 

Results
Group I: Control (After One, 2, and 4 Weeks)
After one week of the surgical bone defect, there was a 
high quantity of chronic inflammatory cell infiltration and 
fibroblastic activity with newly formed capillaries. No bone 
formation could be noticed (Figures 4A1, 5A1 and 6A). 
After 2 weeks, microscopic examination still showed 
moderate chronic inflammatory cell infiltration and 
fibroblastic activity. Besides, small focal areas of osteoid 
tissue started to develop (Figures 7A1, 8A1 and 6B). After 
4 weeks, thin newly formed bone trabeculae encircling the 
surgical bone defect margins surrounded by osteoid tissue 
and fibro cellular tissue were detected. The thickness of 
the formed bone was found to be less than that formed in 
all other study groups (Figures 9A1, 10A1 and 6C). 

These data demonstrated a statistically significant 
variation between both evaluation intervals (2 and 
4 weeks) when compared with one week (P ≤ 0.001) 
(Table 3).

Group II: Photobiomodulation (After One, 2, and 4 
Weeks)
Histological examination after one week showed 
moderate chronic inflammatory cell infiltration, marked 
vascularity and fibro cellular condensation within and 
around the bone defect as well as at the periphery of the 
bone defect forming a capsule. Osteoblasts and osteoclasts 
were observed at the periphery of the bone defect 
(Figures 4 A2, 5 A2 and 6A). Histological findings after 2 
weeks showed that there was still a small amount of chronic 
inflammatory cells and osteoblasts and osteoclasts at the 

periphery of the bone defect (Figures 7B2, 8B2 and 6B2). 
After 4 weeks, osteoid tissue was still present, and newly 
formed bone with uneven thickness was detected in the 
bone defect (Figures 9 C2, 10 C2 and 6C).

These data displayed statistically significant distinctions 
between both evaluation periods (one and 2 weeks) (P ≤ 
0.5), and a statistically significant difference between both 
evaluation periods (one and 4 weeks; P ≤ 0.001) (Table 3).

Group III: Nano-bone (After One, 2, and 4 Weeks) 
Histological findings after one week showed fewer 
chronic inflammatory cells in comparison to the control 
groups at the same evaluation period with marked 
vascularity and fibroblastic activity surrounding the 
nano-bone material. Active osteoblasts were observed 
(Figures 4 A3, 5 A3 and 6A). 

After 2 weeks, a microscopic examination revealed 
that marked vascularity and a small amount of chronic 
inflammatory cell infiltration were still present. There is a 
large quantity of well‑organized newly formed trabecular 
bone with basophilic reversal lines. Osteoid tissues 
encircled with active osteoblasts were also detected. 
A thin area of newly formed bone was also detected 
(Figures 7 B3, 8B3 and 6B). After 4 weeks, histological 
examination of the bone defect showed more quantities 
of well‑organized newly formed bone trabecula. These 
bone trabeculae appeared thicker and more organized 
lamellar bone than those of the control groups at four 
weeks (Figures 9C3, 10C3 and 6C) .

The amount of new bone formation illustrated a great 
percentage histologically at 2 weeks. This percentage 
continued to increase to reach the maximum level in 
this group at 4 weeks. There was a statistically significant 
distinction between the two evaluation times, as indicated 
by this information (2 and 4 weeks), when compared with 
one week (P ≤ 0.001) (Table 3).

Figure 3. Technique of Nano-Bone Application. (a) nano-bone granules, (b) mixing of nano-bone, (c) loading the nano-bone with a carrier, (d) dryness of bone 
defect, (e) application of nano-bone to bone defect, (f) bone defect with nano-bone after application
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Group IV: Nano-bone and PBM (After One, Two, and 
Four Weeks) 
Histological examination after one week showed marked 
fibrous tissue proliferation near the bone defect with 
mild to moderate chronic inflammatory cell infiltration 
and marked vascularity. Few Osteoid tissue formations 
could be detected away from the surgical bone 
margins. The graft material was seen in the bone defect 
(Figures 4A4, 5A4 and 6A). After 2 weeks, connective 
tissue proliferation in the form of collagen fibers, 
osteoid tissue, osteoclasts, and osteoblasts were observed 
in and around the bone defect. New bone formation 
near the surgical bone margins progressed toward the 

center of the bone defect that has the smallest thickness 
of new bone (Figures 7B4, 8B4 and 6B). Microscopic 
findings after 4 weeks exhibited marked well‑developed 
lamellar bone trabeculae with basophilic reversal lines 
(Figures 9C4 , 10C4 and 6C).

It was noted that throughout all assessment periods, 
group IV exhibited a significantly greater percentage of 
newly formed bone in comparison to the control group 
(P ≤ 0.001). Additionally, group IV demonstrated an 
extremely significant distinction in comparison to groups II 
and III at all assessment periods (P < 0.001). In conclusion, 
significant differences were observed between groups II, 
III, and IV and the control group (P < 0.05) (Table 3).

Table 2. The Scoring System Used for Bone Healing

Score 
Bone Defect Coverage 
Percentage of Defect 
Bridged by Bone 

New Bone Type 
Nature of New Bone 
Within the Defect

Vascularization 
Presence of Vascularization Within the 
Newly Formed Bone 

Inflammation 
Presence of Inflammatory Cells Around the Newly 
Formed Bone

0 0% 
No new bone 
 

No evidence of neovascularization Abundant inflammation and Evidence of encapsulation

1 1-24 %
Predominantly Woven few new vessels < 10 (number of new 

blood vessels less than 10 blood vessel). 

Relatively few inflammatory cells ranged from 10-50 
(number of inflammatory cells ranged between 10 and 
50 cells)

2 25-49%
Predominantly lamella 
remodelled

Abundant neovascularization No evidence of inflammatory cell presence 

3 50-74 %

4 75-100 %

Figure 4. Photomicrographs of Hematoxylin and Eosin Histological Stained Sections of Bone Defect After One Week in Different Groups of Treatment With a 
Scale of 200 µm. A1: control group, A2: PBM group, A3: Nano-bone group, and A4: combined group of nano-bone and PBM; high inflammatory cell infiltration 
with no bone formation is shown after one week

Figure 5. Representative Microscopic Images of Masson’s Trichrome Stained Tissue Sections of Specimens Bone Defect After One Week in Different Groups 
of Treatment With a Scale of 200 µm. A1: control group, A2: PBM group, A3: Nano-bone group, and A4: combined group of nano-bone and PBM; high 
inflammatory cell infiltration with no bone formation is shown after one week
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Figure 6. Scoring Percentage of Bone Regeneration in Different Study Groups: One Week (A), Two Weeks (B) and Four Weeks (C)

Figure 7. Photomicrographs of Hematoxylin and Eosin Histological Stained Sections of Bone Defect After Two Weeks in Different Groups of Treatment With a 
Scale of 200 µm. B1: control group, B2: PBM group, B3: Nano-bone group, and B4: combined group of nano-bone and PBM; less inflammatory cell infiltration 
with new bone formation is shown after two weeks

Figure 8. Histological Photomicrographs of Specimens Bone Defect With Masson’s Trichrome After Two Weeks in Different Groups of Treatment With a Scale 
of 200 µm. B1: control group, B2: PBM group, B3: Nano-bone group, and B4: combined group of nano-bone and PBM; less inflammatory cell infiltration with 
new bone formation is shown after two weeks
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Discussion 
In recent decades, there has been a growing utilization 
of PBM and nanotechnology in the field of regenerative 
medicine. This advancement has the potential to impact 
bone biology and has become increasingly intriguing 
as the understanding of the connections between bone 
cells, laser irradiation, and nanoscale biomaterials has 

grown.11-31

Thus, the purpose of the present research was to 
evaluate and compare the impact of PBM and nano-bone 
on bone regeneration of mandibular bone defects in rats.

In the current study, the four-millimeter diameter bone 
defect created near the mandibular angle was a suitable 
model to determine the efficacy of different methods of 

Figure 9. Photomicrographs of Hematoxylin and Eosin Histological Stained Sections of Bone Defect After Four Weeks in Different Groups of Treatment With a 
Scale of 200 µm. C1: control group, C2: PBM group, C3: Nano-bone group, and C4: combined group of nano-bone and PBM; woven bone formation is shown 
after four weeks

Figure 10. Histological photomicrographs of Specimens Bone Defect With Masson’s Trichrome After Four Weeks in Different Groups of Treatment With a Scale 
200 µm. C1: control group, C2: PBM group, C3: Nano-bone group, and C4: combined group of nano-bone and PBM; woven bone formation is shown after 
four weeks

Table 3. Results of the Scoring System Used for Bone Healing

Group Score
Score 0 Score 1 Score 2 Score 3 Score 4 

P Value 
n % n % n % n % n %

Group I

1 week 10 100.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%

 < 0.052 weeks 2 20.0% 5 50.0% 0 0.0% 0 0.0% 0 0.0%

4 weeks 0 0.0% 3 30.0% 2 20.0% 2 20.0% 3 30.0%

Group II 

1 week 10 100.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%

 < 0.0012 weeks 0 00.0% 7 70.0% 3 30.0% 0 0.0% 0 0.0%

4 weeks 0 0.0% 1 10.0% 2 20.0% 3 30.0% 4 40.0%

Group III

1 week 10 100.0% 3 60.0% 0 0.0% 0 0.0% 0 0.0%

 < 0.012 weeks 0 0.0% 7 70.0% 0 30.0% 0 0.0% 0 0.0%

4 weeks 0 0.0% 0 0.0% 2 20.0% 4 40.0% 4 40.0%

Group IV

1 week 10 100.0% 0 0.0% 0 .0% 0 0.0% 0 0.0%

 < 0.0012 weeks 0 0% 5 50% 5 50.0% 0 0.0% 0 0.0%

4 weeks 0 00.0% 0 0.0% 0 0% 0 0% 10 100 %

P value 0.05 0.05  < 0.001  < 0.001  < 0.001
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regeneration after one, two and four weeks. This was done 
in the same way as a previous study.28

The histological results of this research showed that 
there was a significant variance in the mean percentage 
of newly formed bone between the experimental groups 
and the control group (P > 0.05). This suggests that both 
PBM and nano-bone have beneficial impacts on bone 
defect regeneration, which is according to the findings of 
previous research.12-18 The study showed that the greatest 
proportion of freshly generated bone was correlated with 
the use of nano-bone and PBM. This research provides 
evidence for the effectiveness of PBM and nano-bone 
in promoting bone formation throughout the healing 
of bone defects. This effect may be attributed to their 
ability to distinguish undifferentiated mesenchymal 
cells into osteoblasts,11-13 promote osteosynthesis, reduce 
osteoclastic activity, and exhibit anti-inflammatory 
properties.1-2

The histological findings of the present study suggested 
that group IV had the best results in terms of the amount 
of bone formed and inflammatory response when 
compared with group II, group III and the control group 
at all evaluation periods. By the end of 4 weeks, bone 
maturation with thicker and well‑organized (lamellated) 
trabecula was obvious with a statistically significant 
variation (P < 0.05). Some researchers found similar 
results.14-18 The consistency between the findings of these 
research studies and the current one may be attributable 
to the synergistic impact of the combined utilization of 
PBM and nano-bone. 

The percentage of newly formed bone in the two 
experimental groups (PBM and nano-bone) was nearly 
the same without a noticeable statistically difference after 4 
weeks (P > 0.05). This may be attributed to the stimulatory 
impacts of PBM on the proliferation and differentiation 
of osteoblasts as it stimulates the differentiation of 
preosteoblasts to osteoblasts, reduces inflammation, 
and stimulates angiogenesis. This is in accordance with 
several studies.8-13 In addition, nano-bone increases 
new bone regeneration by promoting angiogenesis and 
stimulates the proliferation of osteoblasts at the bone 
defect.20-22 These results agree with many recent studies 
that evaluated the efficacy of nano-bone in the treatment 
of bone defects.23,24

In the current study, histological examination of group 
III showed bone formation represented by osteoid tissue 
and new bone formation were seen within the bone defect 
after 2 weeks. By the end of 4 weeks, well‑developed 
lamellar bone trabeculae with a basophilic reversal line 
were observed. The histological analysis conducted in this 
study demonstrated statistically significant distinctions 
in favor of group III compared to group I (control) at all 
evaluation intervals. The elevated surface area, surface 
roughness, and wettability of nano-bone may contribute 
to several favorable biological impacts. These benefits 

include higher protein adsorption and higher adhesion, 
differentiation, and proliferation of osteoblasts and 
MSCs. The findings were validated by de Almeida et al,32 
who demonstrated that nano-bone had a higher amount 
of remaining biomaterial compared to control groups 
(P = 0.007). Additionally, there was a notable distinction 
in the levels of newly generated bone and connective 
tissue between the nano-bone group and the control 
groups after 42 days. The research determined that the 
use of nano-bone resulted in enhanced healing of the 
alveolar bone during a period of seven to forty-two days 
after operation. This enhances the positive impact of 
nano-bone on the process of bone repair. 

In this study, marked vascularity and fibroblastic 
activity were observed in group II at one-week and two-
week evaluation periods. This may be correlated to the 
stimulatory effect of vascular endothelial growth factor, 
which is a key player in angiogenesis by PBM. These 
results may be explained by a previous in‐vitro study by 
Abdelgawad et al.7 On the cell line of odontoblasts, it 
was found that cells treated with PBM showed increased 
gene expression of vascular endothelial growth factor 
which stimulated angiogenesis. Moreover, another 
study by Abdelgawad et al5 on the cell line of osteoblast 
collected on day 21 reached peak mineralization which 
was significantly greater than that of the control group. 
The researchers determined that PBM was superior 
to the control group in terms of alkaline phosphatase 
expression and mineralization induction. The much 
higher expression of RUNX and osteocalcin supports 
this conclusion, which is in line with the findings of the 
present research.

Limitations of the Current Research 
The limitations of the present study include the small 
numbers of animals in each group and the reporting of 
only short-term results (1, 2 and 4 weeks). To further 
confirm the effects of PBM and nano-bone on bone 
regeneration, researchers should include a larger number 
of animals and a long-term follow-up in future studies. 

In the future, the current model can be enhanced by 
additional design of other groups with different nano-
materials or different bone regenerative materials with 
laser PBM with different types of lasers, for studying 
different combinations of treatment. In this way, the most 
effective treatment protocol for bone regeneration can be 
determined. 

Conclusion
Within the limits of the present research, the use of PBM 
by100 mw of a 980 nm diode laser for one minute for three 
sessions in combination with nano-bone promoted bone 
regeneration. Further studies are required to support the 
beneficial biomodulatory effect of PBM with nano-bone as 
a new treatment strategy for more efficient management 
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of bone defects in oral and maxillofacial surgeries. 
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