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research. The rats were kept in individual plastic cages in an ex-
perimental animal room (21-C, 55%-70% humidity, 1 atm pressure,
with a 12-hour day/night cycle). The animals were fed a standard
laboratory pellet diet, and drinking water was available ad libitum
throughout the experiment.

Experimental Design

All surgical applications were conducted under sterile con-
ditions. Animals were anesthetized by intramuscular injection of
3 mg/kg of xylazine hydrochloride (Rompuns; Bayer, Leverkusen,
Germany) and 35 mg/kg of ketamine hydrochloride (10% Ketasol;
Richter Pharma AG, Wels, Austria). Before each surgery, the dorsal
part of the cranium was shaved and disinfected with povidone iodine
solution. To allow reflection of a full-thickness flap, an approxi-
mately 20-mm-long incision was made through in the scalp along the
sagittal suture and skin, musculature, and periosteum. After the
calvarium was exposed, a 5-mm-diameter CSD was created with a
trephine burr on the right side of the parietal bone without damaging
the underlying dura mater (Fig. 1). Because the dura may play an
important role in bone healing and regeneration, the bone is not
completely penetrated by the trephine to avoid damage to the un-
derlying tissues.'® Instead, the bone is thinned considerably and
elevated using blunt instruments to separate the bone. The released
bone was removed and a synthetic biphasic calcium phosphate
graft material (Osscream; Bredent Medical GmbH & Co KG,
Senden, Germany) was implanted into the defects. The skin was
then carefully sutured with resorbable 4/0 poliglactin 910 sutures
(Vicryl, Ethicon Inc., Somerville, NJ). Animals were then randomly
divided into 3 groups as follows:
» The control group (n = 10), receiving no LLLT or ozone therapy;
* The LLLT group (n = 10), receiving only LLLT (120 seconds,

3 times a week for 2 weeks); and
» The ozone therapy group (n = 10) (120 seconds, 3 times a week
for 2 weeks).

Starting immediately after the operation, intramuscular in-
jections of ceftriaxone were given to each animal to prevent post-
operative infection (3 d, 25 mg/kg) and 4 mg/kg of the intramuscular
analgesic carprofen (Rimadyl, Pfizer, New York, NY) was admin-
istered every 24 hours for 3 days. In all animals, healing progressed
uneventfully and no postoperative complications were noticed. All
surgical procedures were performed by the same operator (H.O.K.).

Ozone Therapy

Ozone therapy was performed using an ozone generator
(Biozonix GMbH, Munich, Germany) with a sterile tissue probe (AL
probe), attached to the hand-piece, hand-guided over the whole

defect area like to clinical procedure. It was applied with 80%
oxygen for 120 seconds per day, 3 days per week, for 2 weeks.

Laser Therapy

Animals in the LLLT group were treated by laser irradiation
(energy density, 4 J/cm? per session; 0.028 cm? beam diameter). The
light source was a diode laser (Fotona XD-2; Fotona, Ljubljana,
Slovenia; 808 nm, 0.1 W, continuous wave mode). The wounds and
0.5 cm of their surrounding marginal zones were illuminated with
a spot size of 1 cm?. The laser never contacted the tissues in any
session. The application distance was 0.5 to 1 ¢cm, a distance that did
not affect the spot size with the hand piece that was used. Irradiation
was applied with for 120 seconds per day, 3 days per week, for 2 weeks.

Specimen Preparation

One month after the surgery, the animals were killed with an
overdose of 200 mg/kg, iv, pentobarbital (Pentothal; Abbott Diag-
nostic Division, Abbott Park, IL). For the histopathologic analysis,
the skin was dissected and the area of the original surgical defect
were removed en bloc with the surrounding tissues from the animals’
calvarium bone, rinsed in physiologic saline, fixed in 10% buffer
formaldehyde for 24 hours, rinsed with water, and decalcified in 18%
ethylediaminetetraacetic acid (EDTA) solution. Each specimen was
divided longitudinally into 2 blocks in the sagittal direction and
embedded in paraffin. Serial sections were cut longitudinally, be-
ginning at the center of the surgical defect. Under a light microscope
(Nikon Eclipse E 600; Nikon Instruments Inc, Tokyo, Japan), the
sections were stained with hematoxylin and eosin for analysis.

Histologic and Histomorphometric Assessment
Asingle examiner (M.S.A.) whowas also blinded to the identity
of the samples performed the histologic analysis. The sections were
evaluated for the presence of inflammatory infiltrate, connective tis-
sue formation, and new bone formation. Using an automated image
analysis system, computer-assisted histomorphometic measurements
were carried out. A photomicroscope (Nikon Eclipse i5) coupled with a
video camera on a light microscope (Nikon, DS-Filc) with an original
magnification of x40 was used for examining of the sections. NIS
Elements version 4.0 image analysis systems (Nikon Instruments Inc)
were used for calculating of the new regenerated bone area (mm?).

Statistical Analysis

All statistical analyses were performed using a commercially
available software program IBM SPSS 20.0 (SPSS Inc, Chicago, IL).
The amounts of regenerated bone were calculated by mean values
and SDs. For detection of any statistically significant difference

FIGURE 1. A, Critical-size defect (5 mm diameter) created on the parietal part of the rat calvarium. B, Graft material applied to the defect.
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between groups, Kruskal-Wallis test with Dunnes post hoc multiple
comparison test was use®lvalues less than 0.05 were considered
statistically significant. Results are reported as m@ag® and
medians for each group.

RESULTS

Animal Findings

All rats survived at the end of the study, and no postoperative
complications were noticed such as inflammatory tissue responses,
exposure of graft material, or allergic reaction.

Histologic Analysis
Damage to dura mater was not seen histopathologically in any
of the specimens because of the creation of calvarial defects. None of
the defects was completely filled with the new bone. No inflam-FIGURE 3. Graphs showing the regenerated bone analysis for each group;
matory process was noticed in all the specimens because no acQan test PG0.05: area (mm? Kruskal Wallis tesj VW = 9.613, P G0.008,
inflammatory cells were present. Almost all of the surgical defect&on! 9roup vs ozone group).
were filled up with connective tissue with collagen fibers parallel to
the wound surface and a moderate number of fibroblasts. Newly In the experimental groups, the connective tissue presented

regenerated bone tissue surrounded by a small number of osteoblagtfoderate number of fibroblasts and numerous collagen fibers.
was restricted to areas close to the borders of the surgical defeggwly formed bone surrounded by a small number of osteoblasts

(Fig. 2). In all groups, an increase was observed in the amount Qfas restricted to areas close to the borders of the surgical defect.
regenerated bone and the osteoblastic activity (Fig. 3).

Histomorphometric Analysis

Control Group The total new bone areas were significantly greater in the

Healing was characterized by the remaining bone grafts an?zone group than in the control and LLLT group<30.05) (Fig. 4).

thin loose fibrous connective tissue in which a large number oé addition, the LLLT group had higher amount of total newly

collagen fibers and fibroblasts were oriented parallel to the woungl). . hone area than the control group, and it was not significant
surface and some blood vessels in the defect areas (Fig. 4). T '

poorly mineralized new bone areas were beginning inside the bo
defect margins minimally, after 30 days from the surgery.

9 0.05). In the ozonated group, newly organized bone areas are
Movered with osteoblast cells and regenerated bone areas contain
higher amount of osteocytes (Fig. 5).

Experimental Groups
Histologic results were found similarly. The center part of DISCUSSION

the bone defect was filled by fibrous connective tissue and remaining Th t study aimed to i tioat d £
bone grafts in both the ozone and LLLT groups. A layer of newly%] e present study aimed to investigate and compare (from a

. L9 istopathologic perspective) the effects of ozone therapy and LLLT
formed bone was evident on the surface of some remaining bone graffg, ,,ne formation during the process of bone healing. In this study,
A fibrous connective tissue surrounded the remaining bone grafs he cSD model was used to evaluate the efficacy of LLLT and
containing a large number of collagen fibers with a moderate amount

fibrobl d blood | ’ h . one therapy on bone formation because it allows standardized
ibroblasts and numerous blood vessels (Fig. 4). The experimentgfoq, ction of defects that enable convenient analysis of the newly
groups had a higher amount of newly formed bone tissue than t

rmed bone. In addition, observations can be focused on the healing

control group. process of the bone, preparation of tissue specimens is easy, pa-
rameters can be simply and accurately measured in each specimen,
and spontaneous healing would not occur at the CSD model. Rats
were chosen as the experimental animal because surgical procedures
on the rat calvarial bone are relatively simple to perform because the
lateral borders of the rat calvaria have no major nerves or blood
vessels that cause extensive bleeding. In addition, the calvarial de-
fect model has many similarities to the human maxillofacial re-
gion (similar to the mandible, anatomically the calvaria consists of
2 cortical plates with a region of intervening cancellous bone, and
physiologically, the cortical bone in the calvaria resembles an
atrophic mandible)”®

In the present study, a 5-mm CSD was created in the rat
calvaria because spontaneous bone healing does not occur in adult
rats at this siz€ This was confirmed by the lack of bone regeneration
at the control defects in the current experiment.

FIGURE 2. Regenerated bone area and host bone area boundaries are observed Hist0|ogic evaluation showed that the creation of calvarial de-
(yellow line). There are many osteoblasts on new bone fissue matrix fects caused no damage to the underlying dura. Healing was charac-
(arrowheads).* indicates fibrocellular connective tissue (star): hb, host bone; rb, . . X ) . .

regenerated bone; g, graft material; Y, the border of host bone tissue and terized by_thm f|brous_ connective tissue in which a large amount of
regenerated tissues (hematoxylin-eosin staining, original magnification 100). collagen fibers and fibroblasts were oriented parallel to the wound
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FIGURE 4. Panoramic views of the defect areas showing regenerated bone (red arrowheads) in all groups. A, Control group. B, LLLT group. C, Ozone therapy group

(hematoxylin-eosin staining, original magnification x40) with 0.5 mm bar.

surface in the control group. In addition, the calvarial bone defects were
filled by some blood vessels.

For enhancing bone healing, several treatment modalities such
as bisphosphonates, LLLT, ozone, and hyperbaric oxygen therapy
have been researched.>® The use of laser for the biostimulation of
bone regeneration has been on the rise in medicine, and many re-
searchers report positive results regarding the healing of bone defects
with LLLT application.*114 Possible mechanisms of LLLT on tissue

include stimulation of the absorption of ascorbic acid by cells, increase
of mitochondrial adenosine triphosphate production, stabilization of
the cell membrane, stimulation of lymphocytes, mast cell activation, and
proliferation of several types of cells, thus promoting antiinflammatory
effects. Inaddition, it helps to improve local circulation, cell proliferation,
and collagen synthesis.?°

Several studies have reported that a laser contributes to the
acceleration of the bone healing process in bone defects 11421

FIGURE 5. A, Minor regenerated bone areas with host bone area, connective tissue, and graft materials were observed in the ozonated group (hematoxylin-eosin
staining, original magnification x100). B, Regenerated bone areas, covered with osteoblast cells, within the graft materials are shown, and these bone areas contain
several osteocytes (hematoxylin-eosin staining, original magnification x400). Arrows indicates osteocytes; arrowheads, osteoblasts; g, graft material; hb, host bone

area; rb, regenerated bone area; *, fibrocellular connective tissue.
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Laser and Ozone Effects on Bone Healing

Garcia et al?* found that 660-nm diode laser (24 J, 0.4285 W/cm?)
was effective for stimulating bone formation in CSD in the calvaria
of osteoporotic rats. In other studies such as that by Pretel et al??
(As-Ga-Al, 830 nm, continuous, 40 mW, 57.6 J/cm?) and Favaro-Pipi
et al?3 (Ga-As-Al, 830 nm, continuous, 50 J/cm?), similar results were
reported about the acceleration of the bone healing process by laser
irradiation. In addition, the laser seems to accelerate the fracture re-
pair process and cause an increase on the callus volume and bone
mineral density. Renno et al?* reported that 830-nm  laser irradiation
resulted in a significant increase in the proliferation of osteoblasts and
another study by Pinheiro et al?® showed that the laser (830 nm, 40 mW,
4.8 Jlcm?) was able to increase the amount of mineralized bone tissue
in induced fractures in rats’ femurs. On the contrary, Silva et al?® aimed
to histologically evaluate the response of epithelial, bone, and con-
nective tissues subjected to LLLT (660 and 780 nm, 7.5 energy den-
sities, 15 J/em?), and they found that epithelial and connective tissues
responded to laser irradiation with constant cell renewal, while there
was an acceleration of regenerative bone formation within normal
limits in bone tissues.

The dose (wavelength, power, frequency, fluency or dose, and
energy parameters) applied during laser treatment is an important
benefit of LLLT for obtaining good results. However, a precisely
determined dose has not been determined for each indication. In
the literature, biostimulation has been reported with doses between
0.001 and 10 J/cm? as a therapeutic window.2” Although an applied
dose is within the therapeutic window range, it might be too low or
too high for the desired effect.?® The laser parameter settings used in
this study were chosen based on the positive results obtained in a
previous study on wound healing after wisdom tooth extraction.*3

The evidence for the clinical application of ozone therapy in
dentistry is not extensive. Ozone can react with composition of the
vascular system and positively affect oxygen metabolism, cell en-
ergy, the immunomodulator property, antioxidant defense system,
and microcirculation.*® Based on these findings, some authors
suggest that ozone therapy may be useful in the management of bone
necrosis or in extractive sites during and after oral surgery in patients
treated with bisphosphonates because it might stimulate cell pro-
liferation and soft tissue healing.?® Ozdemir et al® analyzed the effect
of ozone therapy in combination with autogenous bone grafts on
bone healing in CSD in rat calvaria. The animals were divided into
3 groups: the autogenous bone graft group, the autogenous bone
graft with ozone therapy group (80%, 30 seconds, 3 days for 2 weeks),
and the control group. They reported that ozone therapy increased
bone formation in autogenous bone grafts in the rat calvarial defect
model. Application of gaseous ozone has also been shown effective in
facilitating oral wound healing after high-dose radiotherapy.3° Petrucci
et al®! reported that application of 15 days ozone therapy was
beneficial on the treatment of bisphosphonate-related osteonecrosis of
the jaws. Agrillo et al?® performed 20 tooth extraction from 15 patients
with avascular bisphosphonate-related jaw osteonecrosis and they
reported that ozone was effective when used 7 days before and after
the tooth extraction. In contrast, Matsumura et al*2 reported that ozone
does not have a major impact on stimulation of gingival cells for os-
teoblastic activity in the regeneration of the periodontium around
implants. In this study, it was found that ozone therapy has a positive
effect on bone healing. As a possible explanation of this, the ozone has
excellent bactericidal and antioxidant properties; and as a result, it
improves wound healing, modulate immune system, and act as an
antibacterial agent.

The conclusion of the present study is that both ozone and
laser therapies increase bone formation vs the control group in the
rat calvarial defect model. However, the ozone therapy was more
effective than the LLLT (808 nm; 0.1 W; 4 J/lcm?; 0.028 cm?, con-
tinuous wave mode) on bone healing. Our data suggest that both
ozone and laser therapies provide additional new insights into

* 2013 Mutaz B. Habal, MD

therapeutic strategies in improving bone regeneration in dentistry,
but further experimental and clinical evaluations are needed.
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