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Abstract The aim of this study was to evaluate the effects
of 820-nm diode laser on osteoclastic and osteoblastic cell
proliferation-activity and RANKL/OPG release during
orthodontic tooth movement. Thirty-eight albino Wistar
rats were used for this experiment. Maxillary incisors of the
subjects were moved orthodontically by a helical spring
with force of 20 g. An 820-nm Ga-Al-As diode laser with
an output power of 100 mWand a fiber probe with spot size
of 2 mm in diameter were used for laser treatment and
irradiations were performed on 5 points at the distal side of
the tooth root on the first, second, and 3rd days of the
experiment. Total laser energy of 54 J (100 mW, 3.18 W/
cm2, 1717.2 J/cm2) was applied to group II and a total of 15
J (100 mW, 3.18 W/cm2, 477 J/cm2) to group III. The
experiment lasted for 8 days. The number of osteoclasts,
osteoblasts, inflammatory cells and capillaries, and new

bone formation were evaluated histologically. Besides
immunohistochemical staining of PCNA, RANKL and
OPG were also performed. No statistical difference was
found for the amount of tooth movement in between the
control and study groups (p>0.05). The number of
osteoclasts, osteoblasts, inflammatory cells, capillary vas-
cularization, and new bone formation were found to be
increased significantly in group II (p<0.05). Immunohisto-
chemical staining findings showed that RANKL immuno-
reactivity was stronger in group II than in the other groups.
As to OPG immunoreactivity, no difference was found
between the groups. Immunohistochemical parameters were
higher in group III than in group I, while both were lower
than group II. On the basis of these findings, low-level laser
irradiation accelerates the bone remodeling process by
stimulating osteoblastic and osteoclastic cell proliferation
and function during orthodontic tooth movement.
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Introduction

Laser irradiation has a variety effects on tissues, ranging
from biostimulation to photodisruption. Arising effect in
the tissue depends on the irradiation time and the energy
density. The effects of laser radiation which are not
accompanied by local temperature increase in tissues by
more than 1°C are called ‘biostimulating effects’ [1].
Treatments take effect via biostimulation potency of laser
radiation are called ‘low-level laser therapy’ (LLLT).

Researchers have been studying the biostimulatory
effects of low-level laser use since 1971. Many processes
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like fibroblast [2] and chondrocyte proliferation [3],
collagen synthesis [4], nerve regeneration [5], wound
healing [6], and bone regeneration [7] can be stimulated
with laser radiation. In dentistry, biostimulation is useful for
the treatment of aphthous ulcers, bone repair in some
periodontal defects, and acceleration of osteointegration
after implantation.

In orthodontics, low-level laser radiation can be used for
reduction of post-adjustment pain [8], bone regeneration in
midpalatal suture area after rapid maxillary expansion [9],
and accelerating tooth movement [10–12].

Osteoclasts are specialized members of the monocyte/
macrophage family that differentiate from hematopoietic
precursors. As an alternative method to define osteoclasts, it
is possible to evaluate RANKL (Receptor Activator for
Nuclear Factor κ B Ligand) level, which is an osteoclast
differentiation factor. RANKL, also known as TNF-related
activation-induced cytokine (TRANCE), is a member of the
tumor necrosis factor (TNF) cytokine family which func-
tions as a key factor for osteoclast differentiation and
activation. Recently, a novel inhibitor of osteoclastogenesis
was identified and named as osteoprotegerin (OPG) by
Simonet et al. [13]. This novel cytokine is also a member of
the TNF receptor family and is expressed ubiquitously in
murine and human tissues. It is a strong inhibitor of
osteoclast differentiation in co-cultures of osteoblastic and
hematopoietic cells. Current evidence suggests that OPG
inhibits osteoclast terminal differentiation from their pro-
genitors, as well as the function of mature osteoclasts.
Ogasawara et al. determined RANKL in osteoblasts and
periodontal ligament cells during orthodontic tooth move-
ment and emphasized that RANKL-OPG release and their
interaction is very important for bone remodeling [14].

PCNA (proliferating cell nuclear antigen) protein is a
cell cycle-related nuclear protein that is maximally elevated
in the late G1 and S phases of proliferating cells.
Immunohistochemical staining for PCNA in paraffin-
embedded sections has been reported to be a useful method
for evaluation of cell-proliferative activity [10].

As is well known, orthodontic tooth movement arises
due to an inflammatory response. Many inflammatory
cytokines are released and osteoclastic and osteoblastic
activity increases during this process. Because low-level
laser therapy (LLLT) is very beneficial in treatment of
inflammatory problems, it is logical to think that orthodon-
tic tooth movement can be stimulated by LLLT.

In consideration of the previous articles, the aim of this
study was to evaluate the effects of 820-nm diode laser on
osteoclastic and osteoblastic cell proliferation-activity dur-
ing orthodontic tooth movement. For this purpose, in
addition to histomorphological assessment, immunohisto-
chemical staining by using the monoclonal antibody of
PCNA was performed to elucidate the effects of laser

irradiation on osteoblasts, osteoclasts, and fibroblasts and
immunohistochemical staining with monoclonal antibodies
of RANKL and OPG were performed to define the changes
in the immunoreactivities of these factors.

Materials and methods

Animals and appliance used

In the study we used 38 male albino Wistar rats 10 weeks
old (weighing 175±10 g), which were obtained from the
animal laboratory of Cumhuriyet University Faculty of
Medicine. The Animal Ethics Committee of Cumhuriyet
University approved our study protocol. Guidelines for
using laboratory animals were strictly followed throughout
the study. All animals were housed in a 12-h light/dark
environment at a constant temperature of 23°C and fed a
standard pellet diet with tap water ad libitum. The animals
were randomly divided into four groups. Groups I, II, and
III served as experimental groups containing 11 rats each
and group IV was the control group and contained five rats.
In the first group, an orthodontic spring was placed for
orthodontic tooth movement. In the second and the third
groups, the spring was placed and right maxillary incisor
was irradiated with different doses.

A helical spring fabricated from 0.015” stainless-steel
wire was prepared for orthodontic tooth movement. Springs
were placed on a grid and activated with pliers. The force
of the spring was calibrated with a gauge to 20 g in order to
prevent expansion of the suture and obtain tooth movement
solely. Appliances were attached to maxillary incisors of all
animals under anesthesia with xylazine (Rompun, Bayer,
Leverkusen, Germany, 3 mg/kg) and ketamine (Ketalar,
Pfizer, USA, 90 mg/kg) combination. A groove at the level
of the gingival papilla was prepared on the distal sides of
the incisor teeth using a stainless-steel disc for retention of
the spring. Then, the spring was fixed with 0.012” stainless-
steel ligature wires (Figs. 1, 2).

The rats were monitored during the experiment, and all
the animals were weighed each day of the experiment. A
sharp decrease in their body weights were observed in the
first 2 days; then they recovered.

It has been reported that the changes in RANKL and
OPG levels after loading orthodontic forces become
significant in 24 h while they had lost their significance
168 h later. Consequently, for immunohistochemical
assessment of RANKL and OPG, experimental groups
were divided into subgroups (A groups) consisting of four
rats which were killed at the end of the third day of the
experiment. The other seven rats in the experimental groups
(B groups) and the five rats in the control group were killed
on the eighth day of the experiment with 200 mg/kg sodium
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pentobarbital (Petothal, Abbot, ABD). Their pre-maxillae
were dissected and placed in bottles contained 10%
formalin solution. The appliances were removed after
fixation in order to prevent relapse of teeth.

Laser irradiation

A Ga-Al-As diode laser (Doris, CTL-1106MX) with a
wavelength of 820 nm and an output power of 100 mW
was used in this study. The irradiation was performed with
continuous waves by a fiber probe 2 mm in diameter (CTL-
2214) on the first, second, and third days of the experiment.
The tip was held perpendicular and in contact with the
mucosa during irradiation (Fig. 3).

In group II, the root of the right maxillary incisor was
irradiated from five points (two points at distobuccal, one at
distal approximal, and two at distopalatinal side) for 108 s
each (10.8 J/point or 343.9 J/cm2). Total energy dose
corresponding to a 9-min exposure was 54.0 J (540 s,
100 mW, 3.18 W/cm2, 1717.2 J/cm2).

In group III, the root of the right maxillary incisor was
irradiated from five points (two points at distobuccal, one at
distal approximal, and two at distopalatinal side) for 30 s
each (3 J/point or 95.5 J/cm2). Total energy dose
corresponding to a 2.5-min exposure was 15.0 J (150 s,
100 mW, 3.18 W/cm2, 477 J/cm2).

Measurement of tooth movement

The amount of tooth movement was measured each day of
the experiment with a digital caliper compass at the level of
gingival papilla between incisors.

Tissue preparation

After killing, the pre-maxillae were fixed in 10% formalin
solution at room temperature for 24–48 h and then a routine
paraffin procedure was performed. Briefly, tissue samples
were dehydrated through graded alcohol series and cleared
in xylene and embedded in paraffin. Sections (5 μm thick)
were cut and prepared for both histochemical and indirect
immunohistochemical stainings. Hematoxylin and eosin
(H&E) stain was applied for histochemical evaluation. For
immunohistochemical evaluation, the avidin–biotin perox-
idase system was used. Anti-receptor activator of nuclear
factor kappa ligand (anti-RANKL) (1:100 dilution, Santa
Cruz, sc-7628, CA, USA), anti-osteoprotegerin (anti-OPG)
(1:100 dilution, Santa Cruz, sc-8468, CA, USA), anti-
PCNA (1:100 dilution, Santa Cruz, sc-56, Ca, USA)
primary antibodies and Sekonder Antikor ABC staining
system (Santa Cruz, sc-2023, Ca, USA) were used. A semi-

Fig. 3 Laser irradiation

Fig. 2 Orthodontic tooth movement at the end of the experimental
period

Fig. 1 The appliance in place
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quantitative grading system was used to compare the
immunohistochemical staining. Intense of immunoreactivities
were determined as mild (+), moderate (++), or strong (+++).

Treatment groups were compared to controls according
to the number of osteoclasts, number of osteoblasts, number
of capillaries, number of inflammatory cells, new bone
formation, and immunohistochemical stainings.

Statistical analysis

Data are expressed as mean±standard error of the mean
(SEM). Differences among four groups for amount of tooth
movement, number of osteoclasts, number of osteoblasts,
and number of capillaries were evaluated with SPSS
(ver:14.0) using the Kruskal–Wallis test and pair-wise
comparisons were made by the Mann–Whitney U test . A
p value <0.05 was accepted as statistically significant. The
number of inflammatory cells, new bone formation, and
immunoreactivities were compared according to intensity.

Results

Metrical findings

Amount of tooth movement

According to metrical findings, no statistical difference was
found for tooth movement rate between the control and
study groups, although the amount of tooth movement was
more in group II than in the other groups (Fig. 4).

Histological findings

Photomicrographs stained with H&E and those immunos-
tained with anti-RANKL, anti-OPG, and anti-PCNA primary
antibodies are represented in Fig. 5.

Number of osteoclasts

When the groups were compared for this aspect, the
parameters of the groups II-A and II-B were statistically
significantly higher than the others (Tables 1, 2). When we
look at pair-wise comparisons, all of the paired compar-
isons except the one between group II-A and III-A were
statistically significant (Table 3).

Number of osteoblasts

According to the comparison of A groups, there was no
difference in the number of osteoblasts between groups
(Table 1). However, B groups represented different results
(Table 2). The difference between group II and III was

insignificant, while the difference between group I and II
and also the difference between group I and III were found
to be statistically significant (Table 3).

Number of capillaries

Number of capillaries in both A and B groups were found
significantly different from each other (Tables 1, 2). The
difference between group I and II, group I and III and group
II and III were found statistically significant (Table 3).

Number of inflammatory cells

Increase in the number of inflammatory cells was significantly
more in group II than in the other groups. This parameter was
found higher in group III than in group I (Table 4).

Bone formation

When new bone formation was compared between the
groups, it was found to be greater in group II than in the
other groups. Besides, group III represented more bone
formation than group 1 (Table 4).

Immunohistochemical findings

RANKL immunoreactivity

RANKL-positive fibroblasts in PDL and osteoblasts and
osteoclasts in the bone surface were observed in all of the

Fig. 4 Effect of laser irradiation on tooth movement
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Fig. 5 Photomicrographs of the groups (1: control group; 2: group 1-
A (tooth movement only); 3: group 2-A (54 J laser); 4: group 3-A (15
J laser); 5: group 1-B; 6: group 2-B; 7: group 3-B). a Sections stained
with H&E. b Sections immunostained with anti-RANKL primary

antibody. c Sections immunostained with anti-OPG primary antibody.
d Sections immunostained with anti-PCNA primary antibody. OB
osteoblast, OC osteoclast, BV blood vessel, P periodontal ligament,
AB alveolar bone, NB new bone

Lasers Med Sci (2012) 27:131–140 135



force-applied groups both on the third-day and the eighth-
day micrographs. The number and intensity of RANKL-
positive cells in laser groups (groups II–III) were greater
than in group I. Micrographs of group II represented
stronger immunoreactivity than group III (Table 5).

OPG Immunoreactivity

OPG immunoreactivity of fibroblasts, osteoblasts, and
osteoclasts were increased slightly in groups compared to
the control group. However, there was no difference in the
number and intensity of the OPG-positive cells between the
groups (Table 5).

PCNA immunoreactivity

The number of PCNA-positive cells (fibroblasts, osteo-
blasts, and osteoclasts) was significantly higher in laser
groups. When group II and III were compared, it was
observed that micrographs of group II represented stronger
immunoreactivity (Table 5).

Discussion

Several studies have represented the effects of LLLT on
orthodontic tooth movement [10–12, 15–23]. In the present
study, the effects of LLLT on tooth movement was investi-
gated metrically, histologically, and immunohistochemically.

The type of laser device is chosen according to the
target tissue and desired effect. The best wavelength for
biostimulation is between 550 and 950 nm. Because
absorption of infrared light is low by hemoglobin and
water, the beams at this wavelength penetrate deeper in
the tissues. An infrared light emitting laser (820 nm) was
chosen due to the aim of this study, which is to stimulate
bone cells placed under soft tissues and deeper in the
alveolus [24].

The most difficult issue about LLLT is to define the
effective dose. There are several studies in the literature
promoting low-level laser therapy as a useful treatment with
doses used between 2 and 54 J [10, 11, 15–17]. On the
other hand, some researchers used doses of 8.1–27 J and
attained negative results [18, 19]. However, the doses which
have been found as non-effective are in between the effective
dose range. For this reason, it’s not sensible to decide
whether the amount of energy’s being appropriate for
biostimulation depending just on the dose (Joules). Laser
spot area should be known to be able to have an opinion
about the density of the energy given to the tissue. Because,
when the spot area is doubled, the energy density decreases
four times, or if the spot area is halved, the energy density
quadruples. However, this point has not been emphasized in
any of the studies. Even the diameter of the probe has not
been indicated in some of the studies [11, 17, 19].

Another important point regarding the energy dose is
scattering, which reduces the effectiveness of light. It is
accepted that the ideal biostimulation range is 2–12 J/cm2

[1]. However, Luger et al.’s results conflicted with this.
Although the researchers used light energy of 64 J/cm2,
which was quite high for biostimulation, they promoted that
the energy amount at the target area was 3–6% of the total
energy due to scattering of light while transmitting through
the tissue [25]. According to Kawasaki and Shimizu,
Yamagishi et al. claimed that only 50% of the light of a
diode laser could reach 1 mm depth in bovine mandibular
cortical bone [10]. Therefore, this situation should be
considered when defining the energy dose.

In five of nine animal studies about stimulation effects of
LLLT on orthodontic tooth movement [10, 12, 16, 17, 19–
23], experiments were performed on albino Wistar rats
using the same laser device and the same parameters [10,
12, 20–22]. Even though the energy density used in these
studies was considerably higher (54 J, 19.108 J/cm2) than it
is thought to be appropriate for biostimulation (2–12 J/
cm2), it was concluded in all of the five studies that laser

Table 1 Effects of laser irradiation on the number of osteoclasts, osteoblasts, and capillaries at the end of the third day of the experimental period
(Kruskal–Wallis variant analysis, p<0.05)

Group 1-A (x ± SD) Group 2-A (x ± SD) Group 3-A (x ± SD) Control (x ± SD) p

No. of OC 5.75±0.95 13.25±1.50 9.25±2.21 1.00±0.70 0.010

No. of OB 8.25±1.50 8.25±1.89 9.00±1.825 3.80±0.83 0.727

No. of Cap. 8.25±1.50 28.00±1.63 20.50±3.10 5.20±0.83 0.007

Group 1-B (x±SD) Group 2-B (x±SD) Group 3-B (x±SD) p

No. of OC 7.57±0.97 16.57±1.51 9.85±2.03 0.001

No. of OB 15.85±1.57 24.28±2.62 20.57±4.57 0.003

No. of Cap. 12.85±0.89 20.28±1.97 16.28±1.25 0.001

Table 2 Effects of laser
irradiation on the number of
osteoclasts, osteoblasts, and
capillaries at the end of the
eighth day of experimental
period (Kruskal–Wallis variant
analysis, p<0.05)
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radiation had stimulated tooth movement. When the other
animal studies were examined, it was noticed that there
were differences about subject type, the energy dose given,
and about the results. It is known that the efficiency of low-
level laser therapy depends on the dose and the nature of
the irradiated tissue. Because the aim of the present study
was to highlight the mechanisms of biostimulation process,
it was considered that it would be better to base this study
on studies performed on Wistar rats, and the dose was
defined as 54 J. Additionally, another group was composed
to assess the changes when the dose was lower (15 J).

In the present study, orthodontic tooth movement was
carried out on maxillary incisors. However, the distance
between distal proximal sides of maxillary incisors is
approximately 3–4 mm. Therefore, it was considered that
the laser radiation applied to distal side of one of the teeth
might distribute in tissue and affect the opposite tooth.
Then it would be impossible to define the energy density
affecting one tooth distinctly and perhaps the dose given
would be more than the desired. For this reason, only the
right maxillary incisors were irradiated.

According to metrical findings, tooth movement rate did not
show any difference between groups. While the most tooth
movement was observed in group II (54 J) both on the third and
eighth day of the experiment, the difference between groups
was not statistically significant. This finding is in contrast with
the findings of the researchers who acclaimed that orthodontic
tooth movement could be stimulated with low-level laser
therapy [10, 12, 20–22]. It is thought that this conflicting
result might be due to the limited number of test subjects.
Moreover, the teeth were moved for a close distance in the
present study model and only one of the teeth was irradiated.
However, tooth movement was measured as the distance

between two incisors, one of them being non-irradiated. This
condition might prevent the rise of a significant increase in
the amount of tooth movement between groups.

Multinucleated osteoclasts, Howship lacunes, and bone
resorption were found increased in all of the study groups.
The increase was significantly more in group II-A and II-B than
the other groups. It has been already known that low-level laser
therapy stimulates differentiation and activation of osteoclasts
[7, 12, 20, 26]. According to Karu et al., the mitochondrial
cytochromes absorb the photon energy and this absorption
improves the potential activity of the cells via increasing ATP
synthesis [27]. Because osteoclasts are multinuclear cells with
mitochondria of high activity, they are affected from low-level
laser radiation readily. Furthermore, Hentunen et al. reported
that the bone matrix liberates a protein that stimulates osteoclast
formation, which is light-dose dependent [28]. This also
explains the higher resorption levels in the irradiated animals.

RANKL and OPG are two important regulators of bone
remodeling. In other words, RANK/RANKL/OPG system
reflects osteoclasts’ differentiation and function. Not sur-
prisingly, RANKL immunoreactivity was increased more in
the laser groups than in group I. As for OPG levels, there
was no difference between groups. Ogasawara et al.
reported that no OPG-positive osteoclasts were observed
in cases of experimental tooth movement [14]. Although
there was no difference in OPG levels, RANKL/OPG ratio,
which defines osteoclastic activity, remained high because
of the increased RANKL levels. It is possible that the OPG
levels stayed unchanged in order to prevent excessive
increase in RANKL/OPG ratio in order to get under control
the resorption process due to increased osteoclastic activity.

It is known that osteoclastic activity may influence
posterior osteoblastic activity and vice versa [29]. Zaidi et

Table 3 Pair-wise comparisons of the groups (Mann–Whitney U test, p<0.05)

Group 1A-2A Group 1A-3A Group 2A-3A Group 1B-2B Group 1B-3B Group 2B-3B

No. of OC 0.029* 0.029* 0.057 0.01** 0.026* 0.001**

No. of OB 1.00 0.486 0.686 0.01** 0.026* 0.128

No. of Cap. 0.029* 0.029* 0.029* 0.01** 0.001** 0.002**

*p<0.05; **pe0.01

Table 4 Effects of laser irradiation on intensities of inflammatory cell infiltration and new bone formation

Group 1-A Group 2-A Group 3-A Group 1-B Group 2-B Group 3-B

Inflam. Cell Infilt.¥ ++ +++ ++ +/++ ++/+++ ++

New Bone Form.π - - - + +++ ++

¥ 2-A>2-B>1-A=3-A=3-B>1-B

π 2-B>3-B>1-B<1-A=2-A=3-A

- none, + mild, ++ moderate, +++ strong
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al. reported that both osteoblasts and osteoclasts have
hormonal interaction [30]. In the present study, it was
found that the number of osteoblasts was increased more in
group II than in the others at the end of the experiment,
while there was no difference between groups on the third
day. Because osteoclastic activity begins before the forma-
tion process in orthodontic tooth movement, laser radiation
did not alter osteoblastic activity on the third day. However,
the bone formation started afterwards was stimulated by
low-level laser beams in harmony with the results of the
following studies [9, 26, 31]. Laser radiation has the
potential of stimulating maturation of osteoblastic cells
and it accelerates organic matrix synthesis and mineraliza-
tion via increasing osteoblastic activity [31].

As was expected on the basis of the above findings, the
amount of new bone formation was greater in group II than in
the other groups. Hamajima et al. reported that the increased
expression of the osteoglycin gene by LLLT in the early

proliferation stage of cultured osteoblastic cells might play an
important role in stimulation of bone formation [32].

Orthodontic tooth movement occurs as a result of inflam-
matory response of the tissue. Laser irradiation multiplied
inflammation since it accelerated tooth movement. Although
Shimizu et al. claimed that PGE2 synthesis was inhibited by
laser radiation [33], Fujita et al. found that cytokine depression
decelerated tooth movement while they accelerated tooth
movement with low-level laser application [20]. Moreover,
Glinkowski and Pokora indicated that biostimulating laser
application to bone increased phagocytosis and cytokine (IL-1,
TGF-β) synthesis via accelerating macrophage migration [1].

The increases in almost all of the parameters belonging
to group III were higher than group I but lower than group
II. This indicated that the stimulation effect of low-level
laser radiation was dose-dependent. It was thought that
energy of the applied dose remaining incapable caused
indifference of some parameters.

It has been thought that excessive doses cause inhibition
rather than stimulation according to Arndt-Schultz law [1].
Although the energy density was too high in this study,
tooth movement was stimulated. Furthermore, group II
presented more positive results than group III, indicating
that the density of group III was inadequate for stimulation
though being higher than it was accepted in literature.
Histological and immunohistochemical findings support
this idea. It was thought that the differences in dose
applications were due to scattering of the light in the tissue.

Any significant differences being found for the amount of
orthodontic tooth movement between groups was attributed to
the small sample size of this study. Sample size should be
increased and various doses should be applied to be able to
define the effective dose for biostimulation of tooth movement.

In the present study, it was determined that low-level laser
therapy increased the osteoclastic activity by exacerbating the
inflammatory response to orthodontic forces. It is known that
inflammatory cytokines trigger RANKL release which regu-
lates osteoclastic cell activity. Additionally, under inflamma-
tory conditions, RANKL is released not only from osteoblasts
but also from immune system cells. In this way, RANKL
release was found to be increased in our study. Low-level laser
therapy is known to be a stimulator of the current biological
process in tissue. This is why osteoclastic activity varied while
osteoblastic activity was similar between groups on the third
day of the experiment. At the end of the experiment, because
bone formation had already started, the number of osteoblasts
was found to be increased in the laser groups.

Some researchers have reported the effects of LLLT on
cellular responses [31, 34]. Conlan et al. showed that the
stimulation of photoreceptors in mitochondrial respiratory
chain changed the cellular adenosine triphosphate levels
and cell membrane stabilization through bioelectrical
effects [34]. However, it should be considered that LLLT’s

Table 5 Immunohistochemical staining intensities of the groups

OB OC F

Control group

RANKL +/++ +/++ +

OPG + + -/+

PCNA - - Az

Group 1 - A OB OC F

RANKL ++ ++ +/++

OPG +/++ +/++ +

PCNA + + +

Group 2 - A OB OC F

RANKL +++ +++ +/++

OPG ++ ++ +

PCNA +/++ +++ ++

Group 3 - A OB OC F

RANKL ++/+++ ++/+++ +/++

OPG ++ +/++ +

PCNA +/++ ++ +/++

Group 1 - B OB OC F

RANKL ++/+++ ++/+++ ++

OPG ++ +/++ +/++

PCNA ++ ++ ++

Group 2 - B OB OC F

RANKL +++/++++ +++/++++ ++

OPG ++ ++ +/++

PCNA +++ ++ ++

Group 3 - B OB OC F

RANKL +++ +++ ++

OPG ++ ++ +/++

PCNA ++/+++ ++/+++ ++

- no immunostaining, + weak immunostaining, ++ mild immunostain-
ing, +++ moderate immunostaining, ++++ strong immunostaining
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effects on cells are wavelength- and dose-dependent, and
molecular absorption of laser light is a prerequisite for any
cellular effect [31]. Due to the biological differences
between animals and human beings, we were not able to
characterize the exact mechanism of the biostimulatory
effect of laser irradiation on human physiologic state and it
is not suitable to suggest that these doses and wavelength
are appropriate for human beings.

Conclusions

On the basis of the findings of the present study, it is obvious that
LLLT accelerates the bone remodeling process by stimulating
osteoblast and osteoclast cell proliferation and function during
orthodontic tooth movement. Since the bio-stimulant effects of
laser therapy have been shown in many studies, further studies
with different doses should be performed to determine the
appropriatedose toprovide clinical advantage.
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