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Effect of Low-Energy Nanosecond Laser Therapy
on Reparative Osteogenesis in vivo
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The aim of the study was to assess the effect of low-intensity pulsed laser radiation on reparative osteogenesis of the jaw bones in
the in vivo experimental study.

Materials and Methods. The experimental study was performed on 70 mature male Wistar rats whose lower molar was moved
using an orthodontic spring for 21 days. A laser device with unique radiation parameters in a nanosecond pulsed mode of radiation with a
wavelength corresponding to the oxygen absorption peak in the tissues was used for treatment. In the control group, laser treatment was not
applied. To confirm the effect of laser radiation with the selected parameters on the stimulation of bone tissue remodeling, a morphological
study was carried out followed by a morphometric study with a quantitative assessment of osteoclasts in the periodontal ligament on the
border with the alveolar bone and in resorption lacunae.

Results. Already on the third day of the experiment, on the pressure side in the experimental group there was noted dilation and
pronounced hyperemia of the periodontal ligament vessels, the appearance of a large quantity of osteoclasts on the border with the alveolar
bone as compared to the control group. On day 7, the activation of fibroblasts, osteoblasts, and cementoblasts with the formation of new
tooth root cement was noted on the pressure side, while a new cement formation in the control group was observed only on day 14 of the
experiment. On day 21, in the experimental group, almost completely regenerated bone tissue of the alveoli was noted; in the control group,
at this stage of observation, marked diffuse inflammatory infiltration of leukocytes with an admixture of lymphocytes and macrophages
surrounding the fragments of the partially resorbed alveolar bone was seen.

Osteoclasts and osteoblasts are involved in the processes of bone tissue remodeling. Acceleration of bone resorption is of greater
significance on the medial side in the direction of the tooth movement, whereas the regeneration processes are more important on the distal
side. Morphometric examination showed over a 1.5-fold increase in the number of osteoclasts in the experimental group compared to the
control group at all stages of observation.

Conclusion. Application of low-energy pulsed laser radiation with the given parameters accelerates bone tissue remodeling and
contributes to neovascularization and filling the periodontal ligament and adjacent alveolar bone tissue with blood.

Key words: low-energy laser radiation; photodynamic effect; nanosecond pulsed laser; bone tissue remodeling; osteoclastogenesis;
osteoblastogenesis.

Introduction

The possibilities of laser radiation influence on
biological tissues due to photochemical, photothermal,
and photodynamic effects are great. A laser beam is able
to penetrate deep into the tissues and, if certain radiation
parameters are set, may cause therapeutic and surgical
effects without any damage to the adjacent structures.
Laser technologies are widely used in different fields
of medicine: ophthalmology, otorhinolaryngology,
traumatology, gynecology, urology, as well as dentistry
and maxillofacial surgery [1-3]. In spite of a large

number of laser devices and numerous researches in
the field of laser medicine, there are a great deal of the
ranges of wavelengths and radiation frequencies the
influence of which on a living cell and the organism as
a whole is still insufficiently studied. Of special interest
is the infrared spectrum in the ultrashort pulsed range of
radiation frequencies [4].

The unique properties of laser radiation are
determined by its action on oxygen and water in the
tissues. Presence of oxygen in all biological media
in small concentrations enables it to work as a
photoacceptor absorbing laser radiation photons. Low
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oxygen concentrations in the tissues and generation of
active forms in a small quantity define the direction of the
stimulating effect on the biological photoreaction objects
without any sensitizers [5, 6].

Since the problems of regulation of bone formation
processes are interesting for various fields of clinical
medicine:  traumatology, rheumatology, oncology,
reconstructive surgery, dentistry, and maxillofacial
surgery, the possibilities of laser radiation impact on the
remodeling of bone tissue and stimulation of reparative
osteogenesis continue to be the subject of scientific
inquiry [7, 8].

To optimize the process of bone tissue remodeling
using laser radiation, it is insufficient to investigate
its effect on the bone cellular elements and the
processes of mineral metabolism in the bone tissue
[9]. The development of new laser devices for medical
applications with unique parameters of laser radiation
facilitates the study of mechanisms and ways of its
effect on bone tissue remodeling. The research group
of the Department of Oral Surgery from Moscow State
University of Medicine and Dentistry named after
A.l. Evdokimov has designed a new laser device capable
of generating the pulsed radiation with a nanosecond
frequency and the wavelength corresponding to the
oxygen absorption peak [10, 11].

To apply this device for studying the possibilities of
stimulation of bone tissue remodeling is considered to
be optimal.

The aim of the study was to assess the effect of low-
intensity pulsed laser radiation on reparative osteogenesis
of the jaw bones in the experimental study.

Materials and Methods

A new laser device on semiconductor chips with a
wavelength of 1265-1275 nm corresponding to the
oxygen absorption peak and the possibility to generate
pulsed radiation in the quasicontinuous mode with
400-2000 ns frequency has been used in the work.
The radiation was focused in the optical light guide of
400 ym diameter. The radiation power was set within
2.0+0.06 W.

The experiment was carried out on 70 mature male
Wistar rats 10 weeks of age weighing 180-200 g. In
animals anesthetized with intramuscular injections of
Calypsol (40 mg/kg in the form of a 5% solution), a
model of medial movement of the first mandibular molar
using a spring was created in compliance with Kawasaki
and Shimizu technique [12]. One end of the spring with
a compression power of 40 N/cm? was fixed to the first
molar with a ligature wire, the other end was attached to
the central incisor with a light-cured composite (Figure 1).

The animals were divided into two groups:
experimental group 1 (n=35) and control group 2 (n=35).
In group 1, the area of the mandibular first molar on
the mesial and distal sides underwent contactless laser
radiation for 7 days from the beginning of the movement
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Figure 1. A NiTi spring placed between the molar and
central incisor to create the model of tooth movement

keeping a 3—5 mm focus distance from the radiation site,
with 5 min exposure, and total power of 200 mJ/cm?.
Then after a 7-day interruption, laser radiation exposure
was repeated again for 7 days. In animals of group 2,
laser therapy was not conducted.

In order to perform further histomorphological
investigations to study the effect of laser radiation on
the reparative osteogenesis, 7 animals from each group
were withdrawn from the experiment on days 3, 5, 7, 14,
and 21.

The animals were kept and the experiments were
conducted in compliance with the Guide for the Care and
Use of Laboratory Animals (National Research Council,
2011) and ethical principles of the European Convention
for the Protection of Vertebrate Animals used for
Experimental and Other Scientific Purposes (Strasbourg,
2006). The study was approved by the Ethics Committee
of the Moscow State University of Medicine and Dentistry
named after A.l. Evdokimov.

To perform histomorphological investigations, the
rat mandible was isolated and separated from the soft
tissues, fixed in 10% neutral formalin for 2 days at 4°C,
and decalcified with Biodec R reagent (Bio Optica,
Italy) according to the manufacturer protocol. After
decalcification, a jaw fragment with two first molars was
excised and embedded in paraffin following a standard
procedure. 3 um thick histological sections were
fabricated from the specially oriented paraffin blocks
(in order to obtain sections longitudinal to the jaw bone
and passing through both molars) on the rotor HM355S
microtome (Thermo Scientific, Germany), straightened
on the slides and stained with hematoxylin and eosin.
The histological specimens were examined and
photographed using Axio Lab.A1 microscope (Carl Zeiss
Microscopy, Germany).
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Osteoclasts and osteoblasts participate in the process
of bone tissue remodeling. Acceleration of bone tissue
resorption is of greater importance on the medial side in
the direction of the tooth movement, whereas on the distal
side, the processes of regeneration are more important.
During the morphometric examination, osteoclasts were
counted in the microscope visual field on the mesial
tooth side. The quantitative assessment was done in the
periodontal molar ligament on the border with the alveolar
bone in the microscope visual field. Morphological
observations of the alveolar bone and periodontal
ligament were carried out on the side of pressure and
tension. At each stage of observation, 70 morphological
specimens were examined on each side viewing 10 fields
in each specimen. Thus, 700 fields of the microscopic
sections examined under the microscope for each group
at each stage of the experiment were used for statistical
processing.

The results were processed using computer software,
were presented in the form of mean and standard
deviation (Mzo); nonparametric Mann-Whitney test was
used for the assessment. The critical level of significance
was accepted equal to 0.05.

Results and Discussion

According to the results of the morphological
examination, already on day 3 significant differences
were noted in the condition of the periodontal ligament
of the lower incisors on the border with the alveolar
bone in group 1 relative to group 2 on both sides:
pressure and tension. On the pressure side, dilation
and marked hyperemia of the periodontal ligament
vessels (being evidence of reactive inflammation
development) and appearance of numerous osteoclasts
on the border with the alveolar bone were noted. In
the control group, moderate vessel dilation and the
appearance of single osteoclasts on the border with the
alveolar bone were seen.

On experimental day 5, proliferation of the small
vessels of the periodontal ligament, misalignment of
collagen bundles and periodontal ligament edema,
increase of osteoclast number in the region of lacunar
resorption of the alveolar bone, focal inflammatory
leukocyte infiltration with admixture of lymphocytes
and macrophages were seen on the pressure side in
group 1 (Figure 2 (a)). In the control group, proliferation
and widening of the vessel lumens of the periodontal
ligament, focal edema of the periodontal ligament, single
osteoclasts in the region of lacunar resorption of the
alveolar bone, prominent focal and diffuse inflammatory
leukocyte infiltration with admixture of lymphocytes and
macrophages were observed (Figure 2 (b)).

On day 7 in group 1, activation of fibroblasts,
osteoblasts, and cementoblasts with a new root cement
formation were detected on the pressure side. In the
control group, no significant changes were observed
compared to day 5.

On day 14, significant increase of osteoclast quantity
on the large areas of the alveolar bone lacunar resorption
were noted on the pressure side in the experimental
group whereas in the control group, activation of
fibroblasts, osteoblasts, and cementoblasts, and, for
the first time since the beginning of the experiment,
formation of a new root cement were noticed at this
stage.

On the side of tension at this stage, proliferation
of the small vessels and widening of their lumens
in the periodontal ligament, activation of fibroblasts,
osteoblasts, and cementoblasts with the formation of
new root cement, increase in the number of osteoblasts
and osteoclasts on the border with the alveolar bone
were determined in the experimental group. In the
control group, moderate activation of fibroblasts,
osteoblasts, and cementoblasts with a focal formation
of new root cement as well as a slight increase in the
number of osteoblasts and osteoclasts on the border
with the alveolar bone were noted.
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Figure 2. Morphological picture of the examined area after the tooth movement on the side of

pressure on experimental day 5:

(a) in group 1; (b) in group 2; 1 — molar root; 2 — periodontal ligament; 3 — alveolar bone; arrows
show the increase in the number of osteoclasts in the areas of lacunar resorption of the alveolar

bone; staining with hematoxylin and eosin; x400
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Figure 3. Morphological picture of the examined area after the tooth movement on the side
of pressure on experimental day 21:

(a) in group 1; (b) in group 2; 1 — molar root; 2 — periodontal ligament; 3 — alveolar bone; 4 —
proliferation of the small vessels and widening of their lumens; arrows show osteoclasts in the areas

of lacunar resorption of the alveolar bone; staining with hematoxylin and eosin; x400

Average number of osteoclasts in the periodontal ligament on the pressure side
on the border with the alveolar bone at different stages of the experiment (Mto)

Groups
P 3 5
Experimental 9.70£3.20 16.20+2.86*
Control 3.70+1.34 9.30£3.59*

Experimental day

7 14 21
16.40+3.21 17.70+3.68 17.90+3.32"
11.90£1.66 12.80+1.93 13.60£1.78"

N o te. The difference is statistically significant (p<0.05) between all values of the main and
control group and the intergroup values on different experimental days compared to the previous

term (shown with asterisks).

On day 21, on the pressure side, a significant
increase of osteoclasts on the large areas of the lacunar
resorption of the alveolar bone was registered in the
experimental group in comparison with the controls
as well as the activation of fibroblasts, osteoblasts,
and cementoblasts with the formation and modeling of
new root cement, while in group 2, a marked diffuse
inflammatory infiltration of leukocytes with the admixture
of lymphocytes and macrophages surrounding the
fragments of the partially resorbed alveolar bone was
observed (Figure 3).

On the side of tension, the formation of new alveolar
bone structures, proliferation of the small vessels in
the periodontal ligament, activation of fibroblasts,
osteoblasts, and cementoblasts with the formation of
new root cement, increase in the number of osteoblasts
and osteoclasts on the border with the alveolar bone
were found at this stage of observation in group 1. In
group 2 on the tension side, a moderate activation of
fibroblasts, osteoblasts, and cementoblasts with a focal
formation of new root cement, misalignment of collagen
bundles and periodontal ligament edema, a slight
increase in the number of osteoblasts and osteoclasts
on the border with the alveolar bone, small foci of the
formation of new structures of the alveolar bone were
noted at the final stage of the experiment.
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The quantitative assessment of osteoclasts in the
periodontal ligament on the pressure side (from the
medial side in the direction of the tooth movement) on
the border with the alveolar bone including the lacunae
of its resorption conducted by a morphometric method
confirms the qualitative morphological analysis (see the
Table).

The data in the table clearly demonstrate that an
average number of osteoclasts in the experimental group
are greater at all stages of observation and significantly
greater at the early stages: 2.5 times greater on day 3,
about 2 times on day 5. It allows us to state that this
effect is caused by the influence of laser radiation on
osteoclast proliferation and acceleration of bone tissue
remodeling.

Conclusion

The experimental study carried out on animals
has proved by means of histomorphological and
histomorphometrical investigations that laser radiation
with 1265-1275 nm in the nanosecond pulsed mode
promotes earlier and marked neovascularization and
filling the periodontal ligament and adjacent tissue of
the alveolar bone with blood, activation of fibroblasts,
osteoblasts, and cementoblasts, earlier and marked
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formation of new structures of the alveolar bone and
new tooth root cement. These data are evidence of
acceleration of bone tissue regeneration processes
under the action of laser radiation with unique
parameters making its application perspective for
orthodontic treatment and osteoplastic operations in
the maxillofacial area. Application of laser therapy will
provide the opportunity to reduce the rehabilitation
period for patients with bone pathology and, of no less
importance, financial expenditure on their treatment.
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