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Abstract

Objective: Diode laser and ozone can be used to healing of skin wounds. The aim
of this study is to evaluate the biostimulatory effects of diode laser and ozone on
the healing of sutured skin wounds in rats.

Materials and Methods: In this study, 21 adult males Wistar albino rats were
used. Three 1-cm-longs, full-thickness incisions were applied to the back of each
animal and closed with sutures. Diode laser treatment, irrigation with 0.9% saline
solution and ozone therapy was applied to the wounds through 7 days. Animals
were euthanized on the 3rd, 7th and 14th days after treatment, and all wounds
were surgically removed for histopathological evaluation.

Results: According to histological results, a statistically significant difference was
found among the three treatment methods in acute inflammatory reactions on
3rd day (p<0.05). Ozone treatment reduced the intensity of acute inflammatory
reactions by the 3rd day (p<0.05). In addition, a statistically significant difference
was found between the follow-up periods in all treatment groups for fibrosis
(p<0.01).

Conclusion: It was found that ozone treatment was more effective when compared
to the other treatments for reducing the intensity of acute inflammatory reactions
on the healing of sutured skin wounds.

0z

Amag: Diod lazer ve ozon deri yaralarinin iyilesmesinde kullanilan yontemlerdendir.
Bu calismanin amaci siitiire edilmis deri yarasinda diod lazer ve ozonun
biyostimiilator etkisinin degerlendirilmesidir.

Gere¢ ve Yontemler: Bu calismada; 21 erkek Wistar albino rat kullaniimistir.
Hayvanlarin sirtina ti¢c adet 1 cm uzunlugunda tam kalinlikta insizyon yapildi ve
sttiire edildi. Yaralara 7 giin diod lazer tedavisi, %0,9 salin sollisyonla irrigasyon ve
ozon tedavisi uygulandi. Hayvanlar tedaviden sonra 3., 7., ve 14. glinlerde sakrifiye
edildi ve histopatolojik degerlendirme igin yara bolgesi cerrahi olarak ¢ikarildi.
Bulgular: Histolojik sonuclara gore, 3. glinde akut enflamatuvar reaksiyon agisindan
lic tedavi yontemi arasinda istatistiksel olarak anlamli farklilik vardir (p<0,05). Ozon
tedavisi akut enflamasyon yogunlugunu 3. giinde dustirmustiir (p<0,05). Ayrica,
takip periyotlarinda biitlin tedavi gruplarinda fibroziste istatistiksel olarak anlamli
fark bulunmustur (p<0,01).
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Sonug: Siitiire edilmis deri yarasinin iyilesmesinde akut enflamatuvar reaksiyonun azalmasinda diger tedavilerle karsilastirildiginda

ozon tedavisinin daha etkili oldugu bulunmustur.

Introduction

Wound healing is one of the most challenging
difficulties in today’s medical issues especially
in surgery field. Several methods have been
recommended for acceleration of wound-healing
over decades. Chemical materials, electro-stimulation
of wound, low-level laser therapy (LLLT), negative
pressure wound therapy and also ozone (O,) are
among these methods (1).

The healing of soft tissue wounds is an extremely
organized process (2). The healing process includes
phases such as inflammatory cell immigration,
granulationtissue synthesis, collagenand proteoglycan
deposition, and scar maturation (3).

Different kinds of lasers can be used in dentistry
for cavity preparation, soft-tissue surgery, caries
prevention, caries diagnosis, and endodontic
treatment. The laser therapy is one of the techniques
used to accelerate the improvement of soft tissue
functionality in the management of injured soft tissue.
Lasers are recommended for the healing process
of skin incisions due to the healing of the tissue by
causing collagen synthesis and vessel dilatation, and
by rising tissue oxygenation (4). Enwemeka et al. (5)
reported that laser treatments positively impact all
stages of the healing period. The wavelength and
energy density of the laser are crucial factors in
successful treatment (6). Several kinds of laser have
been tried in order to improve the quality of healing
of soft tissue wounds (7). Diode lasers have been
used in dentistry for numerous indications, such as
periodontics, endodontics, bleaching, or LLLT (8). The
biostimulatory effects of LLLT on the healing process
of tissues have attracted considerable attention.
Various researches have studied the effect of LLLT on
the normal and damaged wound healing process in
clinicaland experimental. The generality of researchers
stated enhanced blood vessel endothelium enhanced,
wound closure, enhanced tensile strength, increased
fibroblasts, induction of collagen synthesis, and
reduced inflammatory reaction (9). However, there
has been little training on the effects of LLLT on the
healing of sutured skin wounds (10).

O, is generally accepted as one of the best
antifungal, bactericidal, and antiviral agents (11).
Therefore, itis empirically used as a clinical therapeutic
agent for chronic wounds (12).

It has been systematically shown that LLLT is
able to modify the morphology of scar tissue in
soft tissue wounds because of its positive effect on
the proliferation and differentiation of fibroblasts,
synthesis of collagen, and neoangiogenesis, and the
positive impacts of O; on wound healing could be
supposed to be owing to reduced bacterial infection,
amelioration of decreased cutaneous wound healing,
or enlarged oxygen tension by O, exposure in the
wound area (13). However, a comparison of the
effects of O; and LLLT on the healing of sutured skin
wounds has not been studied yet.

The aim of this study was to evaluate and compare
the impact of diode laser and O; on the healing of
sutured skin wounds in rats. The null hypothesis was
that there would be differences in the healing process
of sutured skin wounds treated with diode laser or O,
in rats.

Materials and Methods

inénli University’s Experimental Animal Ethics
Committee (protocol no: 2013/A-14) approved to this
study’s experimental procedures.

Twenty-one adult males Wistar albino rats with an
average weight of 270-300 g and age of 3-5 months
were used in this study. All of the subjects were
kept in a room with a cycle of twelve hours of light
and twelve hours of dark. Temperature of the room
was 21 °C and the rats were fed ad libitum. All trial
processes followed the guidelines of the Animal Care
and Use Committee of the inénii University Faculty of
Medicine’s Experimental Animal Center.

The experiment was designed with 21 rats. Three
1-cm-long, full-thickness incisions were applied to the
back of each animal. The three incisions on each rat
were closed with sutures (Figure 1) (14).

LLLT with diode laser was then applied to the
first wound every day after surgery through 7 day
(laser group). The second wound was irrigated with
0.9% saline solution (control group). O5 therapy was
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Figure 1. Three 1-cm-long, full-thickness incisions were applied
to the back of each rat. For suturing, a single knot was made in
the middle of the incision. 1: low-level laser therapy with diode
laser (laser group), 2: 0.9% saline solution (control group), 3:
ozone (ozone group)

applied to the third wound after surgery through 7
day (O, group). Seven of the animals were sacrificed
after 3 days, 7 were sacrificed after 7 days, and 7 were
sacrificed after 14 days. Amoxicillin were injected to
all rats intramuscularly (50 mg/kg) for 4 days every 24
hours, starting one day before the surgery and after
the operation they were injected an intramuscular
analgesic every 24 hours through 3 days. All operations
were achieved paying attention to sterilization.
Anesthesia was carried out with 2% xylazine (0.1
mL/100 g) and 10% ketamine (0.1 mL/100 g). After
general anesthesia, the dorsal skin of the rats was
shaved and the cutaneous surface was disinfected
before the surgery. Three 1-cm-long incisions were
made using a scalpel. After the treatment procedure,
the wounds were sutured with absorbable 3-0
polyglactin 910 sutures (Vicryl; Ethicon, Somerville,
NJ, USA).

The LLLT (CHEESE Dental Laser System, DEN4A)
procedure was started following surgery on the first
sutured wound of each rat through 7 days, for 90
seconds with continuous output with a potency of
0.3 W and wavelength of 810 nm. The laser array was
placed directly over the animal at a vertical distance
of 1 cm from the wound. The second sutured wound
was not treated and served as a control, only irrigated
with 0.9% saline solution.

The O, application device was a portable O, delivery
system (OzoneDTA generator, APOZA, Taiwan). O, was
applied to the third sutured wound of each rat through
7 days according to the manufacturer’s instructions.
During O, therapy, oxygen was converted on the
surface of the sutured skin wound. O, devices were
used for 90 seconds with a 3 number flat probe and
output power of 12 for sutured wound disinfection.
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Seven animals were sacrificed with an overdose
of general anesthesia on 3rd day, 7t day, or 14th
day after surgery. Tissue specimens were fixed
in 10% neutral-buffered formalin, and 3 samples
including the incisions were obtained for histologic
examination. The samples were embedded in paraffin
blocks. Sections measuring 5 um were stained with
hematoxylin and eosin for histopathologic evaluation.
For each specimen, acute inflammation, chronic
inflammation, granulation tissue, ulcer, fibrosis,
crust, and hyperkeratosis were assessed. The severity
of acute and chronic inflammation, fibrosis, and
granulation tissue were scored with a grade of 0 to
3 as follows: 0, none; 1, mild; 2, moderate; and 3,
severe. Crust, ulcer, and hyperkeratosis were assessed
as present or absent.

Statistical Analysis

Statistical analysis of the data was performed
using SPSS version 22.0 (IBM SPSS, Turkey). The
Kruskal-Wallis test was applied to compare between
the groups for assessment of acute inflammation,
chronic inflammation, fibrosis, and granulation tissue.
The Bonferroni correction and the Mann-Whitney U
test were applied for the determination of the group’s
differences. Fisher, Freeman-Halton, and chi-square
tests were applied to compare between the groups
for assessment of crust, ulcer and hyperkeratosis, a
significance level of p<0.05 was chosen.

Results

There was no statistically significant difference
among the treatment groups for chronic
inflammation, fibrosis, and granulation tissue. There
was a statistically significant difference between the
treatment groups on 3rd day for acute inflammation.
In the O; group, acute inflammation on 3rd day was
lower than in the other treatment groups (p<0.017).
Histological views of acute inflammatory reactions on
3rd day for the three treatment methods are shown in
Figure 2.

Although there was no statistically significant
difference among the treatment groups for fibrosis,
there was a greater amount of fibrosis in the O, group
on 14th day and the differences between the follow-
up periods in all treatment groups were statistically
significant on 7th day and 14th day (Table 1).

Histological views of fibrosis on 7th day for the
three treatment methods are shown in Figure 3.
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The lowest chronic inflammation rate was in the Granulation tissue was lower in the O, group than in
the laser group on 3rd and 7th day but was higher on
14th day. Crust formation and ulceration was higher in
the O, group than in the other groups on 3rd and 7th
days but this difference was not statistically significant

(Table 2).

O, group on 7th day and in the laser group on 14th day,

but there was no statistically significant difference.

Figure 2. Acute inflamation at 3d day; a: ozone group, b: laser
group, c: control group

Figure 3. Fibrosis at 7th day; a: ozone group, b: laser group, c:
control group

Table 1. Distribution of acute inflammation, chronic inflammation, fibrosis and granulation tissue according to groups

Control Ozone Laser p
Mean % SD ‘ Mean + SD ‘ Mean + SD (Median) ‘
(Median) (Median)
Day 3 2.2+0.84 (2)° 1.0+0 (1)° 1.4+0.55 (1) 0.034*
Acute inflammation Day 7 2.2+¢1.1(3) 1.0£0 (1) 1.0£0.71 (1) 0.089
Day 14 0.6+0.55 (1) 2.0+1.0 (2) 1.0£1.0 (1) 0.097
p 0.030* 0.031* 0.649
Day 3 1.840.45 (2) 1.6£0.55 (2) 1.6£0.55 (2) 0.756
Chronic inflammation Day 7 2.2+0.84 (2) 1.40.55 (1) 1.60.55 (2) 0.217
Day 14 1.840.45 (2) 2.0+0.71 (2) 1.24£0.84 (1) 0.226
p 0.502 0.330 0.627
Day 3 00 (0) 00 (0) 00 (0) 1.000
. . Day 7 1.4+0.55 (1) 1.8+0.45 (2) 1.8+0.45 (2) 0.326
Fibrosis Day 14 2.0£1.0 (2) 2.4%0.55 (2) 2.2+0.84 (2) 0.792
p 0.005** 0.003** 0.005**
Day 3 0.840.45 (1) 1+0.71 (1) 1.6+0.55 (2) 0.111
Granulation tissue Day 7 1.2+0.45 (1) 1.440.55 (1) 1.8+0.84 (2) 0.378
Day 14 0.840.45 (1) 1.8+0.45 (2) 1.6+1.14 (2) 0.085
p 0.288 0.141 0.941
*p<0.05, **p<0.01, SD: Standard deviation
abDifferent superscripts represent the difference between the groups at each line (Kruskal-Wallis test)
Bold characters in each column represent the differences between the measurement periods in the relevant working groups (Bonferroni correction
and Mann-Whitney U test)
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Table 2. Distribution of hyperkeratosis, crust and ulcer according to groups

Control Ozone
| n (%) | n (%)

Day 3 4 (80%) 4 (80%) 2 (40%) 0.500
Hyperkeratosis Day 7 2 (40%) 3 (60%) 3 (60%) 1.000

Day 14 0 (0%) 2 (40%) 2 (40%) 0.451

p 0.036* 0.800 1.000

Day 3 4 (80%) 5 (100%) 4 (80%) 1.000
Crust Day 7 0 (0%) 4 (80%) 2 (40%) 0.036*

Day 14 1 (20%) 0 (0%) 0 (0%) 1.000

p 0.020* 0.006** 0.036*

Day 3 2 (40%) 3 (60%) 1 (20%) 0.800

Day 7 0 (0%) 2 (40%) 1 (20%) 0.725
Ulcer Day 14 0 (0%) 0 (0%) 0 (0%) -

p 0.286 0.251 1.000
*p<0.05, **p<0.01, Fisher, Freeman-Halton, and chi-square tests

Discussion

In this study, the effects of diode laser and O,
on wound healing in rats were histopathologically
evaluated. O, treatment was the more-effective
treatment when compared to LLLT for reducing the
intensity of acute inflammatory reactions on 3rd day.
However, the effects of diode laser and O, on skin
wound healing were found to be similar over 14 days.

Wound healing is a natural reaction to tissue
damage. Specific cells move into the wound area for
this extremely organized healing process, to provide
the main signaling actions that are compulsory for a
new blood supply and the arrival of connective tissue
cells (15). Wound healing involves inflammation,
tissue formation, and tissue remodeling phases
and begins with acute inflammation during which
increased vascular permeability and vasodilatation
occurs (14,16). Although its long-term continuity is
regarded as one of the most significant reasons for
delays in the healing process, this inflammation is
certainly obligatory to provide wound healing (10).
Throughout the inflammatory phase, macrophages,
platelets, lymphocytes, and neutrophils migrate to the
wound area. The acute-phase reactants decrease and
the macrophages and fibroblasts proliferate during the
proliferative phase. Lastly, throughout the remodeling
phase, fibroblasts support and restructure the
deposited collagen and the extracellular matrix (17).

Meandros Med Dent J 2018;19:160-7

Mester et al. (18) introduced LLLT for therapeutic
application. Subsequently, numerous studies have
shown that LLLT is helpful in regulating various
biological events, for example analgesic, anti-
inflammatory, and trophic regenerative effects (15).
However, some investigators have reported that LLLT
has not shown positive effects on wound healing and
that it could even have antagonistic effects on this
process (19,20). The positive effects of appropriate
treatment protocols for LLLT on wound healing may be
explained by its ability to stimulate certain biological
reactions responsible for activating several phases
of soft-tissue healing, such as induction of cytokines
and expression of growth factors. In contrast, when
LLLT has been used with inappropriate treatment
protocols, the healing process may result in negative
responses because of an inappropriate interaction
between laser light and tissue components (15).

At this time, there is no universal agreement
regarding how LLLT affects wound healing. The energy
emitted by LLLT has shown healing, anti-inflammatory,
and analgesic properties, and it has been extensively
used in the process of wound healing because its
wavelength and the low densities of energy can
penetrate tissues (21).

Clinically, LLLT has been used to stimulate the
healing of different varieties of wounds, such as open
skin wounds, soft-tissue injuries, tendinitis, acne, and
psoriasis (14). LLLT affects the inflammatory reaction
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in the early days after injury, with enhancement of
the amount of mast cells and polymorphonuclear
neutrophils, enlargement of blood vessels, and
vasodilatation; in this way, the inflammatory process
accelerates and the healing of the wound occurs
more quickly (16). The influence of LLLT depends on
numerous factors, including spot size, wavelength,
repetition rate, total treatment time, and power (22).
The optimal parameters for LLLT are still not defined. In
the literature, daily exposure of LLLT is recommended,
which is predicted to provide more noticeable effects
than single or weekly treatments (23). Therefore, we
applied LLLT daily.

There have been conflicting results regarding the
appropriate energy density of LLLT. Although Kana et
al. (24) reported that 4 J/cmz2 is the optimum energy
density of LLLT, Meirelles et al. (25) reported that
LLLT with 20 J/cm2 energy density improved collagen
maturation on the 21st day. It has been suggested that
LLLT stimulates proliferation with low doses such as 2
J/cm2, while high doses of LLLT such as 16 J/cm2 are
suppressive (23). Mendez et al. (26) showed that the
gallium-aluminium-arsenide laser (A 830 nm) at 50 J/
cm? stimulated intense collagen maturation in soft-
tissue wounds in rats. However, Gongalves et al. (27)
recommended that the highest energy density (90 J/
cm?) demonstrated positive effects on the healing
process. These contradictory results are likely due to
limitations in the experimental models and variations in
treatment factors, the absence of control groups, and
lack of comparison to heterogeneous clinical wounds,
and limited or no blinding of researchers (28).

Although it has previously been suggested that LLLT
has possible systemic effects, in several earlier studies
in which experimental and control conditions were
applied on the same animal, it was observed that LLLT
had a significantly positive effect. Therefore, it may be
theorized that the main effect of LLLT on soft-tissue
wound healing is local. Consequently, the question of
systemic effects of LLLT needs more investigation (29).

The medical use of O;wasinitiatedinthe nineteenth
century. O; has numerous beneficial effects in soft
tissue healing owing to its nascent oxygen release
feature, stimulate antioxidant enzymes and have
bactericidal capabilities (30). There are numerous
known effects of O; on the body, for example
analgesic, immunostimulating, detoxicating, anti-
hypoxic, antimicrobial, biosynthetic, and bioenergetic

effects (31). It has recently been shown that although
0, does not infiltrate the cells, it responds instantly
through polyunsaturated fatty acids to form reactive
oxygen species such as hydrogen peroxide, which,
via the activation of redox transcription factors such
as NF-kappaB, can induce the synthesis of growth
factors and accelerate the cell cycle (32). Studies have
revealed that O, treatments increase the secretion
of transforming growth factor-81, platelet-derived
growth factor, and cytokines, such as interleukin-8
(33). Koca et al. (34) showed that oxidative stress and
inflammatory cytokines were reduced after both O,
and hyperbaric oxygen therapies.

Kim et al. (33) proved that O, might improve acute
cutaneous wound healing. Although they emphasized
that topical treatment with O, could impact
granulation tissue development in the wound healing
process instead of affecting the early development of
blood clots and improvement of inflammatory cells
while the inflammation phase, these results were
inconsistent with ours.

Zhang et al. (35) reported that the oxygen-O,
treatment significantly stimulated the early effective
rate of wound healing at day 20 in diabetic foot-ulcer
patients. Valacchi et al. (32) demonstrated that a
specific level of ozonated sesame oil can accelerate
the first stage of wound healing in SKH1 mice. These
findings are consistent with our results.

Conclusion

According to our study, it seems that LLLT and O,
therapy accelerate wound healing in some phases of
the healing process. However, based on the present
results, acute inflammatory reactions were statistically
reduced in O5-treated wound tissues when compared
to the LLLT group on 3rd day post-incision.
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