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Abstract

Objectives: The aim of this study has been to estimate the analgesic and soft tissue healing effect of applying ozonized olive-
oil gel on the extracted site of impacted mandibular third molars postoperatively.

Material and Methods: 30 visiting patients with asymptomatic bilateral impacted mandibular third molars were enrolled
in this split-mouth single-blinded randomized controlled trial. They form the current sample: (n=60). Randomization was
attained using the envelop method, so that each patient was assigned into the corresponding group without the previous
knowledge of the researchers. Henceforth, one impacted third molar on one side was extracted and ozonized gel was applied
right before suturing; this is for the study side. The control-side impacted molar was extracted 3 weeks later with a £5-day
difference; no substance was applied here, only prescribed antibiotic(l g Augmentin, twice a day for 7 days). The mean age of
the 30 patients was 20.7 £2.3 (ranging17-25 years). The degree of postsurgical pain was evaluated utilizing the visual analogue
scale (VAS) of faces for 7 days post extraction; the number of analgesic (acetaminophen 500 mg)tablets taken was also de-
cided for 7 days later on. Soft tissue healing was evaluated via Landry et al and Gonshor Index on the 7th day postoperatively.
Results: The study group demonstrated statistically significant reduction in the degtree of pain. The intake of analgesic tablets
was, on the other hand, less compared to the control group. When assessed on the 7th day after the surgery, soft tissue healing
in the study group proved better than that in control group (p<0.05). No side effects of the ozonized olive-oil gelwere traced
in any patient.

Conclusion: This studyshowed significant effect of intrasocket topical application of ozonized gel on pain and soft tissue
healing as well as being a sufficient substitute to regular post-surgical antibiotics.
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Introduction vantages are renowned as being immune modulatory and stimu-
lating, anti-inflammatory, biosynthetic, antihypoxic,bioenergetics,
homeostatic,etc. [3-0]. For more than a decade, it has been famous
for its applications in clinical fields for treatment of various dis-
eases, like infections, burns, circulatory disorders, skin lesions and

Ozone (O,) in its gasecous form with a molecular weight of 47.98
gram/mol is found in the stratosphere of the Earth. Itis an unsta-
ble gas continually created and broken down into oxygen (O,) un-

der the effect of temperature and pressure |1, 2|. Evidence from chronic non-healing ulcers [3]. One of its most common utili-

the literature of this topic exists recommending the use of ozone zations in dental practice is the surg{cal extractions Of impacted
molars. Nonetheless, the use of ozonized olive-oil gel in oral and
maxillofacial surgery has been limited, as the published articles

and data are found to be scarce [7, 8]. Currently, ozone is avail-

in medical and dental fields. This recommendation is ascribed to
its unique properties on the human body, such as its powerful an-
timicrobial action (viricidal,bactericidal,and fungicidal). Other ad-
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able and used in numerous forms like gaseous, aqueous, or gel
[9]. The ozone gas dissolves in plant oils, such as olive oil to form
ozonized olive-oil gel, it has demonstrated antimicrobial effects,
facilitating wound healing in the oral cavity [10, 11].

The ozonized olive-oil gel was chosen to our study because of
its benefits. Its application is not complicated, presence of higher
concentration of ozone molecules, and stability of the compound
for longer period - unlike the ozone gas. No necessity is required
for a complex status to produce, manage, and store. The ozonized
olive-oil gel conserves the biological characteristics of cells to an
optimal level when compared with the gaseous form [12]. The
ozonized gel contains ozonides which contact with wound sur-
face at body temperature, leading to release power and active
ozone in long time [13]. A plethora of its benefits in dental surgi-
cal extraction do not stop at promoting hemostasis, increasing
local circulation and prolonging anti-microbial efficacy [14].

Several authors reported that the extended recovery and post-
surgical complications and discomfort lead to risk indicators |7,
15, 16], so this randomized clinical trial emphasized studying the
efficacy of ozonized olive-oil gel on post-surgical pain and soft
tissue healingto minimize such expected risks.

Materials And Methods

The study design assumes the model of a randomized controlled
trial, conducted on 30 patients attending the clinic of Oral and
Maxillofacial Department at Damascus University between De-
cember 2019 and March 2020. It is a split-mouth design: both of
the study and control groups were assigned in the same patient,
to avoid bias based on individual variations. The guidelines and
procedures were explained; moreover, an informed written con-
sent was provided by each patient in order to be enrolled in this
study. The protocol of this study followed the accordance of the
Declaration of Helsinki on medical protocols and ethics; it was
approved by Research Ethics Committee at Damascus University,
and was processed according to CONSORT 2010 checklist to in-
clude a randomized trial (Figure-1).

The sample selection and group allocation was prepared accord-
ing to the following inclusion and exclusion criteria:

Inclusion criteria were to receive asymptomatic, symmetrical,
bilateral impacted mandibular third molars with similar difficulty
index as assessed by Pell & Gregory and Winter Scale: grade 11B,
having normal bleeding and clotting times.

Exclusion criteria were to reject patients with systemic disease,
contraindicated for or allergic to ozone therapy, local or chronic
infection, tobacco use, pregnancy and contraceptive use and lacta-
tion.

The bilateral impacted molars were distributed by a simple rand-
omization method (envelop draw) for both the study group and
the control one. The molar of one side was extracted surgically,
and the other one on the side after 3 weeks (£5 days). This time
delay was to ensure the disappearance of signs and symptoms
of the first surgery, and the outcomes of one extraction do not
influence the other. Additional simple randomization was used
via envelops to decide which side to begin with. To avoid bias,
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the patients and statistician carrying out the measurement were
blinded as on which side gel ozonized was applied and which was
the control.

Our patients were instructed to avoid any antibiotics or anti-in-
flammatory drugs 12 hours before surgery. The control group was
prescribed 1000 mg Augmentin. Nevertheless, analgesic tablets
500 mg acetaminophen were instructed to be taken when neces-
sary in both groups, 0.2% chlorhexidine mouth rinse three times a
day: one minute for one week, and an ice pack to the surgical area
was applied for at least 30 minutes. The operative procedure was
carried out under local anesthesia, performed with 2% lidocaine
+1: 80,000 epinephrine solution. Modified Ward’s flap was used,
reaching adequate elevation and reflection of buccal mucoperi-
osteal flap, and necessary bone removed by slow-speed straight
surgical hand piece (rotation speed 15000 £2000 rpm). This was
accompanied by continuous irrigation with physiological saline
solution (0.9%). In the study side before the sided mucoperiosteal
flap was repositioned and sutured — after irrigation and debris
removal — ozonized gel was applied filling the socket completely.
This makes the gel more applicable and retainable. The time nec-
essary for tooth extraction was set starting from the first incision
to the last suture; any complications, e.g; altered nerve sensation,
alveolar osteitis, or bleeding, were registered.

Ozone therapy

Ozonized olive-oil gel used throughout this study is produced
from Triangle healing products (cjvj+{8 Victoria, British Colum-
bia, Canada) (Figure-6). It is made by bubbling highly concentrat-
ed ozone gas produced from medical grade oxygen through pure
cold pressed organically grown extra virgin olive oil. No stabiliz-
ers, color or any other additives are mixed with the product. We
must use cold corona discharge ozone generator technology to
ozonize the olive oil at the highest ozone setting possible.

Evaluation

Pain was assessed post operatively every seven days by patients, us-
ing the visual analogue scale (VAS) of faces according to Rathnam
etal. 2010 (17) (Figure-2). The total analgesic doses taken on sev-
en post-surgical days were also evaluated and recorded. The surgi-
cal time needed for the teeth extractions (starting from the first
surgical incision to the last closure sutures of the wounds) was
recorded. Patients were recalled on day 7 post-surgically to evalu-
ate soft tissue healing based on the criteria given by Landry et al
and Gonshor 18, 19]. Statistically, the mean values and standard
deviations were evaluated for each parameter for the study and
control groups:

Healing Index 1: Very poor (has two or more of the following)

* Tissue color: C 50% of gingiva red

* Response to palpation: bleeding

* Granulation tissue: present

* Incision margin: not epithelialized, with loss of epithelium be-
yond incision margin

* Suppuration present

Healing Index 2: Poor

* Tissue color: C 50% of gingiva red
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* Response to palpation: bleeding
* Granulation tissue: present
* Incision margin: not epithelialized, with connective tissue ex-

posed
Healing Index 3: Good

* Tissue color: C 25% and 50% of gingiva red
* Response to palpation: no bleeding

* Granulation tissue: none

* Incision margin: no connective tissue exposed

Healing Index 4: Very good

* Tissue color: 25% of gingiva red

* Response to palpation: no bleeding

¢ Granulation tissue: none

* Incision margin: no connective tissue exposed

Healing Index 5: Excellent

* Tissue color: all tissues pink
* Response to palpation: no bleeding

https://scidoc.org/IJDOS.php

* Granulation tissue: none
* Incision margin: no connective tissue exposed

Statistically, the mean values and standard deviations were evalu-
ated for each parameter for the study and control groups. Com-
patisons between two sides were performed using Mann-Whitney
Test, except for the analgesic doses taken; these were calculated
with the independent sample t-Test. SPSS version 24.0 was used
to analyze our present data.

Results

Randomly, a total of 30 patients (17 males and 13 females) were
enrolled and evaluated in all the stages for our study. The flow-
chart of the study illustrates patient enrollment and allocation,
no loss of cases was experienced in all the stages of the study
(Figure-1). The mean patient age bordered 20.67 years £ 2.301
(Table 1). Sixty teeth were extracted without observing any post-
surgical teeth extractions complications, for instance alveolar os-
teitis, paresthesia, altered nerve sensation, or bleeding. The mean
surgical time (from the first incision done to the last suture) taken
was 19.11 min + 3.027 and 17.06 min + 3.171 for the control and
study groups respectively.

Figure 1. Flowchart of the study.

Patient selection
for Elegibility
30 patients
(60 extractions)
Enroliment .
Randomized
n-=60
Allocation a
\ Study group Control group
(ozonized olive gel) (systemic antibiotics)
n=30 n=30
: A\ : A
Follow-up a N/ ~N
No loss of cases | No loss of cases
J
Analysis ’ |
A N
N — Analysis J Analysis
n=30 n=30
i J

Table 1. Distribution of comparatives and variables via tests results.

. Study (ozone) group Control group Test
Units P
Mean * SD Mean * SD value
Age (years) 20.67 £ 2.301 20.67 £ 2.301 0 1.000a
Surgery time (min) 17.06 £ 3.171 19.11 £ 3.027 -1.989 0.055a
Soft tissue healing-seventh day 4.17 £ 0.924 3.11 £ 0.900 3.07 0.002b
Total analgesic dose 13.13 £ 3.117 26.19% 2.588 -12.897 0.000a
VAS-surgery day 2.06 £0.680 3.13 £0.957 -3.269 0.001b
VAS- first day 1.81 + 0.655 3.75 £ 0.577 -4.797 0.000b
VAS-second day 1.81 + 0.544 3.38 £0.619 -4.633 0.000b
VAS-third day 2.06 £0.772 2.56 £0.727 -1.745 0.081b
VAS-fourth day 1.63 + 0.619 2.25 % 0.447 -2.887 0.004b
VAS-fifth day 1.13 £ 0.342 1.63 £ 0.5 -2.875 0.004b
VAS-sixth day 1.00 £ 0.000 1.25 + 0.447 -2.104 0.035b
VAS-seventh day 1.06 + 0.250 2.25£0.931 -3.909 0.000b
a Student t-test.
b Mann-Whitney U test.
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The VAS scores of the study groups yielded statistically signifi-
cant reduction in the post-operative pain scores on post-surgical
days (p<0.05; Table 1). Therewere no significant difference in
VAS score at the third day post-surgical days (p<<0.05;p=0.081
Table 1). The entire analgesic dose intake in the study side was
significantly less (p=0.000; p<0.005; Table 1). Pain climax for the
study (ozone gel) group was detected on the surgery day and for
the control group on the first post-surgical day (Figure-3). Pa-
tients were recalled on 7th day post-surgically and evaluated for
soft tissue healing scores 3.11 + 0.90 and 4.17 + 0.92 in the con-
trol and study side, respectively. This shows significantly higher
rates (better) in study (ozone gel) group as compared with the
control group (p=0.002; p<0.05; Table 1).

Discussion

The purpose of this split-mouth randomized controlled trial was
to determine whether ozonized olive-oil gel improved patient
comfort following impacted mandibular third molar surgery com-
pared with routine post-surgical systemic antibiotics intake. It was
hypothesized that the patient comfort was better with ozonized
olive-oil gel application compared with the negative ozone sys-
temic antibiotic group. The ultimate aims of this study were to
evaluate and compare the post-surgical pain and soft tissue heal-
ing in both groups. The informed results of this study confirmed
this hypothesis.

Figure 2. Visual analogue scale(VAS) of faces using in this study (Rathnam et al.2010).
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Figure 3. Histogram reveal the mean of analgesic doses using in this study.
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Histogram reveal the mean of VAS using in the study.
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Figure 6. Ozonized olive oil gel used on this study produced from Triangle healing products (cjvj+f8 Victoria, British Co-
lumbia, Canada.

Figure 7. Test (Ozone gel) group. (a) surgery set and ozone gel. (b-d) surgical procedure. (e). intrasocket application of
ozone gel. (f) post-operative suturing.

Statistically, there was significant reduction in the post-surgical
pain and the need of analgesics. This was accompanied by fast
and better soft tissue repair in the study ozonized gel application.

Ozone is one of the most powerful antimicrobial agents used in
dental fields: bactericidal, veridical, fungicidal [4-9]. The bacteri-
cidal efficacy is through damaging and disrupting the cell mem-
brane, disintegrating and oxidizing the intracellular contents. It
eliminates 99% of microflora in a few 10-20 seconds span. In
viruses under the influence of reverse transcriptase, it prevents
the synthesis of viral proteins; in fungus, it alters negatively cell
growth in different selective stages |9, 20|. Ozone is able to kill
and destroy bacteria 3500 times more effectively and faster than
chlorine [21]. It has rheological properties [22], activating cellular
metabolism [23], and exhibiting intercellular ATP concentration
and cytokines expression [24]. This concept affects positively the
healing of soft tissue injury, especially the transforming growth
factor-B1 (TGF-B1) [25]. The activation of these growth factors,
local antioxidant mechanisms besides the antimicrobial efficacy
enhance oral soft tissue repair and reduce post-operative distur-
bance and pain [20].

The most abiding complications after surgical removal of the
third molar are pain, swelling, trismus and soft tissue injury or
infection. These local signs have been perceived widely as indica-
tors for the evaluation of the analgesic value efficacy and wound
healing of various physiotherapeutic means by many researchers,
data, and articles [27-29)].

Ozone (O)) - in various forms being gaseous or dissolved in aque-
ous solutions, like water or extra virgin olive-oil formed gel — is
used for topical therapeutic management and parenteral adminis-
tration (I.M, 1.V, autohemotherapy, vaginal, and rectal insufflation)
to facilitate and deliver ozone to tissues |20, 30]. Kazancioglu et al.
proved successful the usage of ozone gas via plasma probe extra-
orally to facilitate wound healing and reduce pain after impacted
lower third molar surgery [4]. However, for our present research,

the ozonized gel form was chosen because of some merits [31].
These can be highlighted by its simplicity of application intra-
orally, high concentration of ozone molecules, duration, and sta-
bility of the compound for long time more than gaseous form
of ozone. There is no necessity of complex methods to produce
and store ozonized olive-oil gel, self-administrated by the patient
easily comparing with the ozone gas that needs professional help
and administration; however, our patients exhibited no allergic or
toxic complications.

Huth et al., reiterated that the biological characteristic and bio-
compatibility of aqueous ozone on oral epithelial and fibroblast
cells were conserved best when matched to gaseous ozone [12].
The ozonides in the gel release active ozone in protracted time
when it is in contact and cover the wound tissues at body temper-
ature, which in turn affects positively soft tissue repair [32]. Pain
threshold and intensity most probably vary amongst patients; for
this reason per se, a split-mouth study was conducted to avoid bias
during data collection. The surgical trauma occurred after surgical
removal of impacted lower third molars, resulting in up-regula-
tion of biochemical mediators of both pain and inflammation.
These are exemplified by histamine, serotonin, bradykinin and
prostaglandins [33]. The post-operative pain is mainly controlled
via analgesics which are associated with undesirable systemic ef-
fects, such as gastrointestinal disturbance, bleeding, and allergic
reactions [33]. According to VAS scores of post-operation, pain
was sensed considerably less when ozonized gel was used topi-
cally. It can be ascribed to the anti-inflammatory effects of this
ozonized gel leading to reduction of post-operative pain as well as
the release of chemical mediators [34]. There is a proposed mech-
anism that reduces pain. This was studied by VelioBocci under the
effect of analgesic action of ozone. Its mechanism is summarized
by increasing and stimulating the secretion of vasodilators, like
nitric oxide NO [35]. the topical effect of ozonides over the sur-
face of surgical wounds might also be traced, leading to decreas-
ing wound inflammation and covering exposed nerve ending; this
leads to significant reduction in pain and the total analgesic doses
taken (p=0.000; p>0.05). It cleatly proves the analgesic effect of
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ozonized olive-oil gel.

Oral soft tissue healing is a dynamic and complicated process of
restoring cellular structures and tissue layers [30] The healing oral
epithelial tissue is also an complex process that uses the interac-
tions between keratinocytes and the extracellular matrix - as a re-
sults of cells migration, proliferation, and differentiation - restor-
ing the structure and function of this tissue |3, 12].

The topical layer of ozonized gel in the initial phase of surgery
possibly prevents wound contamination and modulates the cellu-
lar and humoral immunity. Such a phase activates the macrophage
and stimulates synthesis of biologically active substances [9]. Like-
wise, the biosynthetic and analgesic properties of ozone facilitate
soft tissue healing by increasing the PO, in tissues and activating
the process of intercellular aerobic anti-hypoxic action. This eases
transportation of oxygen by inhibiting RBCs aggregation [9]. In
our study, the evaluation of soft tissue healing on 7th day was
based on the criteria given by Landry et al. and Gonshor [18, 19].
They revealed significant effect of ozonized gel on wound in-
jury after surgical extraction of impacted lower mandibular molar

(p=0.002; p>0.05).

Filippiobserved that the aqueous form of ozone can accelerate
the healing mechanism and rate in oral mucosa especially in the
first two post-operative days |37]. However, ozonized water could
not be used effectively due to its short half-life, which is 10 hours
at room temperatures compared with ozonized olive-oil gel that is
up to 3-4 weeks at room temperature [38]. In spite of this advan-
tage of ozonized olive-oil gel, the anti-microbial effect is transient
and needs to be reapplied topically to achieve good results ac-
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method for reducing acute post-operative pain, enhancing and

improving soft tissue repair and healing,
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