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ABSTRACT

The aim of this study was to evaluate the morphological effects
of diode laser irradiation in the experimentally produced
periapical lesion in rat. Fourteen adult male Sprague-Dawley
rats weighing approximately 200 gm each were used. Pulp was
extirpated from the mesial root of the maxillary first molar using
06 to 25 mm conventional reamers and files. After extirpation,
the root canal was exposed to oral flora for 4 weeks to allow
periapical periodontitis to develop. After the development of
periapical periodontitis, the lesions were irradiated using a diode
laser at 5 W for 5 seconds. The root canal was then sealed with
cavity filling material for another 4-week period. After 4 weeks,
the experimental rats were sacrificed by cervical dislocation.
The maxillary first molar was then collected along with the
surrounding tissue, which was processed in the laboratory.
Hematoxylin and eosin and immunohistochemical staining were
used to observe the morphological effects. Proliferating cell
nuclear antigen (PCNA), STRO-1 and CD44 were used as the
primary antibodies for the immunohistochemical study.

A reduction in inflammatory cells, which were mainly
composed of lymphocytes, was observed in the periapical
lesions after irradiation. The number of PCNA-positive cells
increased to approximately twice that observed in the
nonirradiated control group. These PCNA-positive cells included
STRO-1 and CD44-positive cells, indicating enhancement of
wound healing and reduction in inflammatory cells.

The present results showed that diode laser irradiation
enhanced proliferation of PCNA-positive cells, which included
STRO-1 and CD44-positive cells. This increase in these types
of cell may improve wound healing in periapical lesions.
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INTRODUCTION

Low-level laser therapy (LLLT) is an important tool in the
dental-medical field.1,2 Due to its impact on cell growth,
LLLT has been suggested to favor tissue repair and influence
attachment and proliferation of gingival fibroblasts in vitro.3

Meanwhile, another study has shown that LLLT affects bone
cells, significantly promoting proliferation and
differentiation of human osteoblasts in vitro in comparison
with nonirradiated cells.4 One potential use of lasers in
dentistry, and particularly in endodontic therapy, is as an
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aid in the cleaning and sealing of root canals prior to
obturation.5 Two types of laser are used: helium neon lasers
with a wavelength of 633 nm, and semiconductor lasers
emitting light in the range of 780 to 950 nm. It has been
suggested that low-energy laser light reduces pain,
accelerates wound healing, and exerts a positive effect on
inflammatory processes.6 Some studies have shown that
LLLT accelerates wound healing7 and reduces pain,8,9

possibly by stimulating oxidative phosphorylation10,11 and
reducing inflammatory responses. The basic principle
underlying the biomodulation of cells by laser therapy is
that irradiation at a specific wavelength alters cellular
behavior by acting on the mitochondrial respiratory chain12

or membrane calcium channels,13 promoting an increase in
cell metabolism and proliferation.14

Infection is a major cause of pulpal and periradicular
diseases.15 Bacteria and their byproducts are considered to
be the primary etiologic agents of pulpal necrosis and
periapical lesions. Therefore, the elimination of bacteria and
their byproducts is one of the most important steps in
endodontic treatment.16,17 Representative inflammatory
periradicular pathologies are universal and mainly involve
the apical periodontium, with no predominance of race, sex
or age.18 Inflammation of tooth-supporting structures
accompanied by an impaired repair process usually leads
to severe tissue damage, such as bone loss and subsequent
tooth loss.19 An anti-inflammatory effect and the stimulation
of the wound healing process have been reported as
biological effects of LLLT.15 Kana et al. reported the
enhancement of wound healing by laser irradiation using
an in vivo experimental system.20 Mesteret et al. were the
first to use laser irradiation as a phototherapeutic means of
stimulating and/or accelerating wound healing in the
1970s.21,22 Despite extensive research, however, some
controversy still remains as to the precise effect of such
therapy on wound healing.23,24 Although conventional
treatment cannot be performed with laser irradiation alone,
it is still considered a useful adjunct.25 The purpose of this
study was to evaluate the morphological effects of diode
laser irradiations in the experimentally produced periapical
lesion of rat, and enhancing healing around the tooth apex
when used in combination with conventional root canal
treatment.
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MATERIALS AND METHODS

All animal studies were carried out in compliance with the
Guidelines for the Treatment of Experimental Animals at
Tokyo Dental College (2,23,206). Sprague-Dawley male
rats (n = 50), each weighing 200 gm, were used for this
in vivo study. All animals were sacrificed by cervical
dislocation. The upper first molars and whole maxilla were
then harvested and fixed in formalin. Two groups of the
animals were made one experimental group, in which
initially periapical lesions were developed and these
periapical lesions were irradiated with diode laser, and
another control group, without any experimental activity.

DEVELOPMENT OF PERIAPICAL LESION

Animals were anesthetized with an intraperitoneal injection
of sodium thiopental (Ravonal; Tanabe, Osaka, Japan; 0.3
ml/100 gm body weight). A stainless steel tungsten carbide
bur (06) was used to prepare an access cavity in the upper
first molar mesial root. The pulp was then extirpated using
06 to 25 mm conventional reamers and files, as shown in
Figs 1A and B. The root canal was then exposed to oral
flora for 4 weeks to allow periapical periodontitis to develop.

Irradiation of Periapical Lesion

After 4 weeks, the rats were anesthetized with an
intraperitoneal injection of sodium thiopental. The exposed
root canals were washed with normal saline and then
disinfected with hydrogen peroxide three times. Next, the
root canals were fully dried prior to irradiation with an SP
diode solid-state P laser (Diode laser of Panasonic Co.,
Osaka, Japan), employing a repeated pulse, density of 10%
duty and emitting at 805 nm. The periapical lesions were
irradiated at 5 W for 5 seconds. The root canal was then
filled and sealed with cavity filling material and left for
another 4 weeks.

The delivery system of the Diode P-Laser consisted of
a fiber-optic tube terminating in a hand piece with tip 400 µm
in diameter and 8 mm in length. The tip of the laser was not
in direct contact with the periapical lesion during exposure.
In all, a total energy of 2.5 J was employed.

Histological and Immunohistochemical Study

Animals were sacrificed by cervical dislocation at 4 weeks
after irradiation. The roots together with the surrounding
alveolar bone and muscle tissue were excised and fixed in
10% neutral buffered formalin solution for 5 days. The
maxillary molars and surrounding tissue were then
decalcified in 10% EDTA solution for 4 weeks. All samples
were then washed in running tap water, dehydrated in a
series of alcohol and embedded in paraffin. Next, the

samples were cut into 4 µm thick sections and stained with
hematoxylin and eosin (H&E). Serial sections were used
for immunostaining. The sections were treated with 30%
hydrogen peroxide and methanol solution for 15 minutes at
room temperature to inactivate endogenous peroxidase
activity. Tissue samples were blocked with 1% bovine serum
albumin (BSA; Roche Applied Sciences, IN, USA) in
phosphate-buffered saline (PBS; Invitrogen, Gibco, CA,
USA) for 30 minutes at room temperature. Samples were
incubated with proliferating cell nuclear antigen (PCNA),
STRO-1 and CD44 as primary antibodies (dilution of each
antibody, 1:200) in PBS containing 1% BSA for 1 hour at
room temperature. Specimens were then washed and
incubated with a biotinylated secondary antibody: Nichirei-
Histofine simple-stain MAX-PO (Nichirei, Tokyo, Japan)
for 45 minutes at room temperature. After washing with
PBS three times for 3 minutes each time, the samples were
stained with Nichirei-Histofine simple stain DAB (Nichirei)
and counterstained with hematoxylin. Paraffin sections were
observed using UPM Axiophoto (Carl Zeiss).

Morphometric Analysis

The periapical area of the maxillary first molar mesial root
in both the control and experimental groups was divided
into three areas: one immediately below the apex, and one
on the right and one on the left of the root apex, as shown in
Figure 1E.

Ratio of PCNA-Positive Cells

Quantitative assessment was performed according to
Matsuzaka et al.26 by counting PCNA-positive cells around
the apex of the mesial root in both the control and
experimental groups.

PCNA score = number of positive cells per 100 µm2.
Results were expressed as the percentage of PCNA-

positive cells ± SD.

RESULTS

Histological Study of Control and Experimental
Groups in vivo

Control Group

Rat maxillary first molar mesial root apices with no signs
of pathological development were assigned to the control
group, as shown in Figure 1A.

Experimental Group

The initial experimental group comprised samples with
periapical periodontitis, as shown in the schema and in vivo
(Figs 1C and D and 2).
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Fig. 1A: Schema of rat maxillary molars

Fig. 1B: Schema of root canal preparation in maxillary first molar
mesial root using conventional endodontic reamer

Fig. 1C: Schema of periapical lesion development in maxillary
first molar mesial root

Fig. 1D: Schema of laser irradiation of periapical lesion in
maxillary first molar mesial root after periapical lesion development

Fig. 1E: Schema showing division of periapical area of maxillary
first molar mesial root into three areas (one immediately below apex,
and right and left areas of root apex) for counting of PCNA-positive
cells

The presence of chronic inflammatory cells, mainly
lymphocytes, and alveolar bone resorption around the apex
of the mesial root was taken to indicate periapical
periodontitis (Fig. 2).

In vivo Study of Periapical Area after Irradiation

Experimental Group

Irradiated periapical lesion: A reduction in the number of
inflammatory cells, which were mainly composed of
lymphocytes, was observed after irradiation. Cellular
regeneration was also observed (data not shown).

Immunohistochemistry

Ratio of PCNA-Positive Cells

Control group: PCNA was used for visualization of
proliferating cells in both groups as it labels all phases of
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the cell cycle. Fewer PCNA-positive cells were observed
around the apex of the mesial root in the control group than
in the experimental group, as shown in Figures 3A and 4.

Experimental group: Wound healing and cell proliferation
following laser irradiation were examined by H&E staining
and immunostaining for PCNA, respectively. Wound
healing was also quantitatively evaluated by calculating the
percentage of PCNA-positive proliferating cells at 4 weeks
after laser irradiation in the periapical area of the mesial
root (Fig. 3B). The number of PCNA-positive cells in the
experimental group was double that in the control group,
as shown in Figure 4.

Control group STRO-1-positive cells: Positive staining for
STRO-1 antibody was observed in the periodontal ligament
around the apices of mesial roots with no sign of pathological
development. In periodontal ligament, STRO-1-positive cells
were mostly found randomly distributed in the periapical
area. The majorities of STRO-1-positive cells were round
and had intensely stained nuclei and little cytoplasm. Fewer
STRO-1-positive cells were observed in the control group
than in the experimental group, as shown in Figure 5A.

Experimental group STRO-1-positive cells: In the
experimental group, cells staining positive for STRO-1 were
detected in the periodontal ligament around the middle and
apical portions of the mesial root. More areas of cells
showing positive staining were observed in the experimental
group than in the control group. Positive staining was mainly
detected in cells around the periapical area of the periodontal
ligament. The STRO-1-positive cells were characterized by
two different morphologies. One group had an elongated
cytoplasm and nucleus, or ovoid nucleus resembling that
of an endothelial cell. This type of cell was observed more
frequently in the experimental than the control group. The

Fig. 2: H&E staining of periapical periodontitis after 4 weeks in
mesial root of maxillary first molar

Fig. 3B: Brown staining for PCNA-positive cells in periodontal
ligament at 4 weeks after obturation with gutta-percha points and
diode laser irradiation. Note markedly higher rate of PCNA-positive
cells indicating higher proliferative activity in laser-irradiated
periapical lesion

Fig. 3A: Apical area of normal mesial root immunohistochemically
stained for PCNA. Positive brown staining for PCNA-positive cells
observed around apex in control with no pathological development

Fig. 4: Percentage of PCNA scores around apex of mesial root of
first maxillary molar: PCNA score was highest (58.90%) immediately
below apex in experimental group (shown by red bar in graph).
PCNA scores in control group (38.65%) were lower than in
experimental group (shown by black bar in graph)
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Fig. 5A: STRO-1 surface antigen in periodontal ligament in control
group (without periapical periodontitis). Staining occurred in
periapical area near apex of root in healthy periodontal ligament.
Cells staining positive for STRO-1 antigen in healthy periodontal
ligament had round nuclei and small amount of cytoplasm. A few
PDL cells were positive for STRO-1 and showed intensely stained
nucleus with brown stained cytoplasm

Fig. 5B: STRO-1 surface antigen in apical periodontal ligament in
periapical periodontitis irradiated experimental group. STRO-1
surface antigen was sparsely distributed in periodontal ligament in
laser irradiated group compared with in control. Positively stained
PDL cells with STRO-1 antibody in experimental model after
obturation, and laser irradiation showed two types of morphology:
elongated nucleus and cytoplasm, resembling endothelial cells or
round nucleus with small amount of cytoplasm

Fig. 6A: CD44 antigen in periodontal ligament in healthy normal
mesial root apical area. Intense CD44 staining was observed in
perivascular and extravascular areas. Two types of morphology
observed were similar to those seen in STRO-1-positive control
group

Fig. 6B: Positively stained CD44 cells in PDL in laser irradiated
experimental group. Figure also shows nonspecific background
staining with the two types of morphology described above.
Positively stained CD44 cells were distributed randomly in apical
PDL

other group had large round, or oval-shaped nuclei with
more intense hematoxylin staining and a smaller amount of
cytoplasm; this type of cell was observed less frequently in
the experimental than the control group, as shown in
Figure 5B.

Control group CD44-positive cells: Paraffin sections stained
for CD44 in both groups displayed a greater degree of
staining than those stained for STRO-1 due to differences
in the relative specificity of each marker for progenitor cells.

The distribution of staining for CD44 was less specific, and
general background staining was found in the periodontal
ligament matrix of most sections. However, nonspecific
background staining was more intense in the experimental
than the control group. Positive staining was mainly detected
in cells in the perivascular area of the periodontal ligament,
but some stained cells were also detected in the extravascular
spaces and along the cementum. Cells in the perivascular
and extravascular areas showed two different morphologies:
an elongated cytoplasm and nucleus resembling those of
endothelial cells; or a large round, or oval-shaped nucleus
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with more intense hematoxylin staining and a smaller
amount of cytoplasm. The cells in the extravascular areas
and near the cementum belonged to the second group
(Fig. 6A).

Experimental group CD44-positive cells: In the
experimental group, cells positive for the CD44 antigen were
found in the apical area and near the alveolar bone in the
periodontal ligament. The pattern of distribution of CD44-
postive cells was similar to that in the control group.
However, nonspecific background staining was more intense
in the experimental group (Fig. 6B). Nonspecific
background staining in the extravascular and perivascular
areas was observed in the experimental group, similar to
that in the control group. Cells in the extravascular area
had an elongated cytoplasm and nucleus resembling those
of endothelial cells (Fig. 6B).

DISCUSSION

The experimental induction of chronic periapical
periodontitis in teeth in animals is important in the
evaluation of new root canal materials and procedures for
clinical use under similar conditions in human.27 Periapical
pathoses of pulpal origin develop in response to microbial
irritants in the root canal system. Persistent injury to the
dental pulp usually causes irreversible pulpitis and pulpal
necrosis. Irritants may be mechanical or chemical, but are
most often bacterial.28 The development of periapical lesions
in rat is well described in the literature, as these animals are
often used in the study of pulpal and periapical alterations.
Therefore, rats were used in the present study as they are
easy to use and only a short time is required for the
development of periapical lesions.29 The lesions became
radiographically apparent after 14 days, achieving the
maximum size after 28 days of pulpal exposure to the oral
microflora. These results are in agreement with those of
earlier studies.30,31

PCNA is a known marker of cell proliferation.32
 The

synthesis of PCNA begins to increase in the late G1 phase
of the cell cycle, and although it is more often expressed in
actively dividing cells in the coenzyme protein of DNA
polymerase , it is also present to some extent in resting-
phase cells.33

Anti-PCNA antibody has been used to identify
proliferating cells in paraffin-embedded tissue sections.34

Therefore, we chose this antibody for a comparison of
PCNA expression with that of other markers. In this study,
PCNA antibody was used to identify proliferating cells in
the PDL area after laser irradiation in conjunction with
conventional root canal treatment.

According to Gronthos et al. periodontal mesenchymal
stem cells are responsible for wound healing in periodontitis.
Moreover, mesenchymal stem cells isolated from human
periodontal ligament have been termed periodontal ligament
stem cells.35 In the present study, periodontal mesenchymal
stem cells were found around the periapical lesion. In
accordance with the results of an earlier study by NH Lin
et al36 these mesenchymal cells, which showed positive
staining for STRO-1, anti-CD-146, and anti-CD44
antibodies in regenerating periodontal tissue, demonstrated
two morphologies: they were either elongated with an oval-
shaped nucleus and extended cytoplasm, or they were round
and had an intensely stained nucleus and small cytoplasm.
As observed in this study, mesenchymal cells always migrate
from remaining periodontal ligament cells and alveolar
bone, and stem cells of the periodontal ligament are involved
in wound healing of the periodontal cavity.37

CONCLUSION

These results showed that diode laser irradiation induced
proliferation of PCNA-positive cells, which included
STRO-1, and CD44-positive cells. This suggests that LLLD
enhances wound healing in periapical lesions, indicating
the potential of this treatment modality as an adjunctive
tool in conventional endodontic treatment.
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