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Ab s t r ac t​
Aim: The purpose of this research was to survey the effect of low-level laser irradiation time on socket healing in rats.
Materials and methods: This randomized nonblinded animal study was done on 24 male rats that were divided into four groups. First maxillary 
molars of rats were extracted through general anesthesia, and laser was used in all four groups: first group with zero radiation time, second 
group with 3 minutes, third group with 5 minutes, and fourth group with 10 minutes of radiation by the diode laser (power: 100 mW, wavelength: 
980 nm). Half of the rats (three rats) were sacrificed on the 3rd day and another half of rats were sacrificed on the 7th day. Then, the presence 
of angiogenesis, bone trabeculae, fibroblasts, neutrophil cells, macrophage cells, and lymphocyte cells was assessed. Data were analyzed by 
SPSS (version 21) using parametric tests.
Results: Among 24 rats, on the 3rd day, the percentage of macrophage and bone trabecula increased significantly in the 5 minute group (p = 
0.041 and p < 0.01, respectively). Other changes in days 3 and 7 were not statistically significant (p > 0.05).
Conclusion: Low-level laser radiation can accelerate the process of tooth socket healing, which was particularly noticeable in the 5 minute 
radiation over 3 days.
Clinical significance: Using a low-level laser can be helpful in accelerating the healing of the tooth socket and reduce the complications after 
tooth extraction.
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In t r o d u c t i o n​
Tooth extraction is the most common surgical procedure performed 
by dentists that leaves an open wound in the soft and bone tissues. 
Different materials and methods are used to accelerate wound 
healing in the soft and bone tissues.1,2

Wounds involving oral mucosa and alveolar bones are 
commonly found in oral surgical treatments.3 The healing of 
these wounds depends on the severity of the surgery; however, 
healing some wounds requires a long time and can cause more 
discomfort to patients.4 Methods such as topical or systemic 
corticosteroids, nonsteroidal anti-inflammatory drugs, drains, 
various surgical cutouts, and low-level laser can be used to prevent 
the complications of tooth extraction.5

Low-level laser is one of the new methods of bone healing that 
has some benefits such as reduction of pain and inflammation, 
stimulation of collagen production, and cell proliferation.6 Low-
level lasers also affect the activity of bone cells. An increase has 
also been reported in the superficial osteoblasts and the thickness 
of osteoid cells in the laser radiation region.7 Park et al.8 reported 
that laser therapy has a time-dependent effect. Pretel et al.9 also 
showed the effect of laser radiation on the bone defects healed 
on days 15 and 45. But Lopez-Ramirez et al.10 stated that low-level 
laser did not affect the direction of pain, swelling, and trismus after 
mandibular third molar surgery.

Although the use of low-level laser is one of the known 
methods for accelerating tooth socket healing and preventing 
its complications, few studies have been done on the physical 
parameters of the laser, including the time of radiation. Therefore, 
the purpose of this research was to investigate the effect of low-level 
laser irradiation time on socket healing in rats. If tooth socket healing 
accelerates, a suitable time for laser radiation will be advised.

Mat e r ia  l s a n d​ Me t h o d s​
Animals
In this experimental study, 22 male Wistar rats (250–300 g) 
were kept in separate standard cages with free access to water 
and food. Ethical confirmation of animal methods from the 
Institutional Animal Care was obtained by the Committee of 
Rafsanjan University of Medical Sciences, and all experiments 
were carried out with the least suffering of animals and with 
the smallest possible number of animals for validated statistical 
evaluation. Furthermore, the animals were examined by a vet 
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before the work and were examined for doing surgery and 
general health.

Surgical Procedures
The samples were subjected to anesthesia with an intraperitoneal 
injection of 0/6 cc ketamine 5% (Alfasan, Amsterdam, Netherland) 
with the rate of 100 mg/kg and xylacin 2% (Alfasan, Amsterdam, 
Netherland) with 1:9 ratio. The maxillary first molar was extracted 
by surgical forceps with minimum damage (Fig. 1).11,12

Laser Irradiation
According to Park et al.,8 the animals were accidentally divided into 
four groups of six according to the time of radiation. The first group 
was not exposed to laser radiation, the second group received 
3 minutes radiation a day, the third group received 7 minutes 
radiation a day, and the fourth group received 10 minutes radiation 
a day. Immediately after controlling the hemorrhage, a laser diode 
(Doctor smile, Genoa, Italy) was used with the maximum power of 
100 mW and a wavelength of 980 nm for 3, 5, and 10 minutes in the 
mouth, with a minimum laser probe distance from the tooth socket 
and no contact 3 or 7 days after tooth extraction. In the control 
group, too, the laser probe was set like some other groups but the 
laser was not activated (Fig. 2).

Sample Preparation
The rats were kept in single cages after recovery by considering the 
surgery day as day 0. Three rats from each group after 3 days and 
three other rats after 7 days were randomly sacrificed.

Histological Procedures
The separated heads were fixed in 10% formalin (Kolanky, Henan, 
China) at pH 7 and were then placed in the paraffin blocks. After 48 
hours, the maxilla of the rats was removed, fixed, and demineralized 
in 4% EDTA (Merck, Berlin, Germany). After 3 weeks, complete bone 
tissue softening was tested by a surgical knife.13

The specimens were dehydrated in alcohol and xylene, put in 
paraffin, and cut serially into 5 μm sections by a microtome (SIEE 
Medial, Mainz, Germany).

Next, they were stained with H and E. A blinded to the 
experimental design observer, in a division with two pathologists, 

evaluated the histopathological variables of the maxilla after 
standardization of the measurements.

The presence of angiogenesis, bone trabeculae, fibroblasts, 
neutrophil cells, macrophage cells, and lymphocyte cells were 
assessed by the CXR2 optic microscope (Labomed, Los Angeles, 
USA). For the stained samples, counting tables were drawn and all 
samples were observed under the microscope and the number of 
each variable was recorded in these tables.

Statistical Analysis
All statistical analyzes were performed by the SPSS software (version 
21; SPSS Inc., Chicago, IL). The data were presented, and statistically 
significant differences among the groups were compared using the 
Shapiro–Wilk, two-way repeated measure ANOVA, and Bonferroni 
tests. p values less than 0.05 were considered to indicate statistical 
significance.

Re s u lts​
The data distribution was normal according to the Shapiro–
Wilk test (p value > 0.05). The mean and standard deviation of 
histopathologic variables were calculated in all study groups on 
the 3rd and 7th days by this test (Table 1).

As shown in Table 2, the parametric Bonferroni test was used to 
compare the case groups with the control group. The results of this 
test showed that the mean of macrophages and bone trabeculae 
increased significantly in the 5 minute daily radiation group on 
the 3rd day compared to the control group (p value < 0.05). The 
fibroblasts in all groups of laser radiation increased in comparison 
with the control group, which was the highest in 5 minute daily 
radiation group, but the differences were not statistically significant 
(p value > 0.05). The neutrophils also decreased in all groups of laser 
radiation compared to the control group. The highest decrease was 
seen in 5 minute daily radiation group, but these differences were 
not statistically significant (p value > 0.05). Other variables were 
not statistically significant in comparison with the control group 
(p value > 0.05) (Fig. 3).

On the 7th day, the amount of bone trabeculae increased 
in all laser radiation groups and the number of lymphocytes 
decreased compared to the control group, but it was not statistically 
significant according to the Bonferroni statistical test (p value > 

Fig. 1: Extracted molar. Maxillary first molar was extracted by surgical 
forceps with minimum damage

Fig. 2: Laser application. Laser applicated with a minimum laser probe 
distance from the tooth socket
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Table 1: Mean and standard deviation of histopathologic variables in four studied groups

Histopathological vari-
ables Day

Control 3 minutes radiation 5 minutes radiation 10 minutes radiation 

Mean ± standard deviation
Bone trabeculae Third 4.1 ± 17.35 13.4 ± 52.62 44.8 ± 92.63 18.11 ± 83.19

Seventh 30.1 ± 31.14 31.9 ± 20.40 48.8 ± 95.06 49.1 ± 75.72
Fibroblasts Third 8.2 ± 0.64 12.2 ± 33.08 19.9 ± 33.45 8.5 ± 33.78

Seventh 23.9 ± 0.16 23.4 ± 33.93 37.4 ± 33.16 21.8 ± 33.14
Neutrophil cells Third 68.4 ± 0.00 51.13 ± 67.50 41.16 ± 67.63 61.10 ± 67.40

Seventh 27.7 ± 66.37 38.5 ± 67.50 26.5 ± 33.13 33.13 ± 33.65
Macrophage cells Third 13.2 ± 67.08 22.8 ± 0.54 28.2 ± 0.00 19.3 ± 0.60

Seventh 37.6 ± 33.42 27.5 ± 00.20 27.3 ± 33.79 27.2 ± 66.51
Lymphocyte cells Third 10.0 ± 33.58 14.4 ± 00.58 11.6 ± 0.55 11.1 ± 0.73

Seventh 12.6 ± 0.55 12.1 ± 0.00 9.2 ± 0.00 6.3 ± 67.51
Angiogenesis Third 12.2 ± 33.52 12.2 ± 67.52 10.5 ± 33.03 8.3 ± 67.51

Seventh 13.4 ± 33.41 13.2 ± 67.09 11.2 ± 66.08 9.1 ± 33.15

Table 2: Comparison of histopathologic variables of the studied groups with the control group on the 3rd and 7th days

Histopathological 
variables

3rd day 7th day

3 minutes radiation 5 minutes radiation 10 minutes radiation 5 minutes radiation 10 minutes radiation 
Bone trabeculae 0.981 0.001* 0.257 0.998 0.127 0.998
Fibroblasts 0.998 0.260 0.998 0.998 0.210 0.998
Neutrophil cells 0.817 0.170 0.998 0.0941 0.998 0.273
Macrophage cells 0.413 0.041 0.998 0.167 0.191 0.281
Lymphocyte cells 0.998 0.998 0.998 0.998 1/000 0.787
Angiogenesis 0.998 0.998 0.998 1/000 1/000 0.556

*Statistically significant

Figs 3A to D: Histopathology of the case (A) and control (B) groups on the 3rd day and the case (C) and control (D) groups on the 7th day. On the 
3rd day, the control group (B) showed the inflammation with osteoclasts and also connective tissue. The laser group (A) images showed trabecular 
thin bone with osteoblasts and connective tissue. On the 7th day, the control and laser groups (C) and (D) showed the regular bone formation 
with lots of osteoclasts
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0.05). In addition, the number of fibroblasts increased and the 
number of neutrophils decreased in the 5 minute radiation group 
in comparison with the control group, but the differences were not 
statistically significant (p value > 0.05) (Fig. 3).

Di s c u s s i o n​
Tooth extraction can be accompanied by complications such as 
swelling, trismus, and pain.14 The best treatment is prevention. 
Among those that can accelerate wound healing are low-level 
lasers. The effect of the low-level laser depends on several factors 
like the time of radiation.5

Based on our findings, there was no significant difference in the 
increase in laser radiation time in angiogenesis on the 3rd and 7th 
days in comparison with the control group. Contrary to the results of 
the study, Maiya et al.,15 who performed a low-level laser treatment 
for diabetic wound healing, concluded that low-level laser was 
effective in increasing angiogenesis, and the rate of angiogenesis 
in the case group was started earlier than the control group. Ozcelik 
et al.16 also showed that use of a low-level laser could increase the 
formation of blood vessels and wound healing. This difference can 
be due to differences in the type of laser, its parameters, the type 
of tissue examined in the study, or the method of implementation.

In this study, the percentage of macrophages in the 3rd day 
increased in all groups compared the control group, which was 
significant in the 5 minute radiation group. These macrophages 
increase cellular migration and subsequently accelerate wound 
healing by secreting cytokines. In addition, use of a low-level 
laser reduced the number of neutrophils on the 3rd day and 
lymphocytes and macrophages on the seventh day in the studied 
groups compared to the control group, but the difference was not 
statistically significant. Similar to the current study, Pereira et al.17 
concluded that low-level laser radiation reduced inflammation, 
stimulated the cell division of inflammatory cells, and improved 
bone healing.

Contrary to the current study, Lopez-Ramirez et al.10 explored 
the effect of a low-level laser on pain control, facial swelling, and 
trismus following mandibular third molar surgery. The results 
showed that laser application with the parameters used in this 
study had no effect on pain reduction, swelling, and trismus after 
removing the impacted third molars. That may be due to the 
difference in the results generated by laser parameters used and 
its human application.

Based on our findings, low-level laser radiation increased the 
number of fibroblasts on the 3rd day compared to the control group 
(except for the 10 minute radiation group), but these differences 
were not statistically significant.

Silveira et al.18 assessed the efficacy of low-level laser radiation 
with different wavelengths in wound healing in animals and 
demonstrated that local application of low-level laser accelerated 
the wound healing process probably due to increased collagen 
synthesis, confirming the results of the present study.

Our results showed that osteogenicity increased on day 3 
with an increase in laser radiation time (except for the 10 minute 
radiation group), which was significant only in the 5 minute laser 
radiation group. In addition, osteogenesis increased on the 7th 
day in all laser radiation groups compared to the control group, 
but the difference was not statistically significant. Similar to the 
results of the present study, Stein et al.19 reported that the use of 
the helium-neon laser increased the number of osteoblasts via an 
increase in the osteogenic markers.

Park et al.8 examined the effect of increasing the low-level 
diode laser radiation time on the expression of the bone healing 
genes. The highest expression of these genes was observed in the 
treatment group with a 5 minute laser radiation for 7 days. These 
results showed that laser therapy had a time-dependent effect.

In a study on 20 rats, Pretel et al.9 examined the effect of a 
low-level laser on the bone loss healing. The results showed that 
laser irradiation groups had a lower rate of inflammation and bone 
formation on days 15 and 45 in comparison with the control group. 
There was also no significant difference between the two groups 
in day 60, which was similar to the present study.

Diodes lasers are small, high-performance, and low-cost, 
making them an ideal device for dentists and maxillofacial 
surgeons.20

The limitation of this study was the absence of different types 
of lasers to compare their effects with each other.

Co n c lu s i o n​
Low-level laser radiation could accelerate the tooth socket healing 
process, which was particularly noticeable in the 5 minute radiation 
over 3 days.

Using a low-level laser can be helpful in accelerating the 
healing of the tooth socket and reduce the complications after 
tooth extraction.
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