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Effects of Ozone Threapy as an Adjunct to Non-Surgical Periodontal

Treatment on Clinical Periodontal Parameters and Inflammatory Markers
in Periodontitis Patients
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Abstract

Objective: Ozone therapy (OT) is known to eliminate pathogens in the periodontal pocket and accelerate wound healing. This study
aimed to investigate the clinical and biochemical efficacy of OT as adjunctive scaling and root planning (SRP) in the treatment of
periodontitis.

Materials and Methods: Fifty systemically healthy individuals with periodontitis were included in this study. Gingival crevicular fluid
(GCF) samples were taken from the patients before and 8 weeks after starting the treatment, and gingival index (Gl), plaque index
(PD), bleeding on probing (BOP), pocket depth (PD), and clinical attachment level (CAL) were obtained from all subjects. Non-surgical
periodontal treatment was applied to the test and control groups, and gaseous ozone treatment was applied in addition to the test
group. TNF-a, IL-1B, IL-6, IL-10, and MMP-9 values in GCF samples before and after treatment were determined by the ELISA method
and evaluated statistically.

Results: Both groups presented significantly decreased clinical periodontal parameters at 8-week from baseline (p<0.05). Clinical
periodontal parameters were found to be significantly lower in the test group than In the control group, there was a decrease in
TNF-a levels after non-surgical periodontal treatment (p<0.05). Both groups demonstrated significantly decreased IL-1f, IL-6, IL-10,
and MMP-9 levels at 8-week (p<0.05). The test group showed a significant decrease in MMP-9 levels compared with the control
group at 8-week (p<0.05).

Conclusion: As a result of the close relationship observed between clinical periodontal measurements and biochemical parameters, it
was observed that clinical periodontal healing affects biochemical parameters, and in addition to non-surgical periodontal treatment,
ozone treatment improves clinical periodontal measurements and affects biochemical parameters by reducing the GCF volume.
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Amag: Medikal ozon tedavisinin, periodontal cepteki patojenleri elimine ettigi ve yara iyilesmesini hizlandirdigi bilinmektedir. Bu
¢alismanin amaci, periodontal hastalikli bireylerde ozon tedavisinin klinik ve biyokimyasal olarak etkilerinin degerlendirilmesidir.

Gereg ve Yontemler: Bu galismaya sistemik olarak saglikli ve periodontitisli 50 birey dahil edildi. Tedaviye baslamadan &nce ve
8 hafta sonra hastalardan diseti olugu sivisi (DOS) 6rnekleri alinmis, tim bireylerden gingival indeks, plak indeksi, sondalamada
kanama, sondalamada cep derinligi ve klinik atagman seviyesini igeren klinik periodontal 6lgimler elde edilmistir. Test ve kontrol
grubuna cerrahi olmayan periodontal tedavi yapilmis, test grubuna ek olarak gaz ozon tedavisi uygulanmistir. Tedavi &ncesi ve
sonrasi, DOS &rneklerinde Tumor necrosis factor-a. (TNF-a), IL-1B, IL-6, IL-10 ve MMP-9 degerleri ELISA metoduyla saptanmis ve
istatistiksel olarak degerlendirilmistir.
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Bulgular: Hem test hem de kontrol grubunda cerrahi olmayan periodontal tedavi sonrasi klinik periodontal 6lgimlerde baslangig
degerlerine gore azalma saptanmistir (p<0,05). Test grubunda, kontrol grubuna gore, klinik periodontal 6lgimlerde azalma tespit
edilmistir (p<0,05). Her iki grupta da DOS IL-1B, IL-6, IL-10 ve MMP-9 seviyelerinde baslangi¢c degerlerine gore, cerrahi olmayan
periodontal tedavi sonrasi azalma gozlenmistir (p<0,05). Kontrol grubunda DOS TNF-a seviyesinde baslangi¢ degerlerine gore,
cerrahi olmayan periodontal tedavi sonrasinda azalma saptanmistir (p<0,05). Test grubunda kontrol grubuna gére, DOS MMP-9

seviyesinde azalma gdzlenmistir (p<0,05).

Sonug: Klinik periodontal dlglimler ve biyokimyasal parametreler arasinda goézlenen yakin iliski, klinik periodontal iyilesmenin
biyokimyasal parametreleri etkiledigi, cerrahi olmayan periodontal tedaviye ek olarak ozon tedavisinin DOS hacmini azaltarak klinik
periodontal 6lgimleri iyilestirdigi ve biyokimyasal parametrelere etki ettigi de gdzlenmistir.

Anahtar Kelimeler: Periodontitis, sitokinler, enflamasyon, matriks metalloproteinaz, ozon, periodontal debridman

Introduction

Periodontal disease stems from the reaction of the host
defense mechanisms with the plaque microorganisms,
which destroy the supporting tissues of the teeth (1). The
basis of non-surgical periodontal therapy is the mechanical
elimination of microbial plaque and calculus by scaling
and root (SRP). However, SRP alone may be insufficient
to destroy the pathogenic bacteria, due to their location
in the gingival and dental tissues or in other sites that are
not easily accessed by periodontal instruments (2). Local
or systemic antibiotics and antiseptics are suggested to
improve the results of periodontal therapy (3).

Ozone therapy (OT), widely used in dentistry, has been
proven in vitro and in vivo studies to be effective in the
removal of pathogenic microorganisms in periodontal
disease (4,5). Medical ozone has very high oxidation power,
itis recognized as “active oxygen” in the medical field (6). OT
also stimulates the immune system by releasing cytokines
such as interferon and interleukin (IL) by leukocytes (7,8).
Studies are stating that OT as an adjunct to SRP contributes
to the improvement in clinical parameters in patients with
periodontitis (9,10). This study was aimed to evaluate the
clinical and biochemical efficacy of gas OT as an adjunctive
to SRP in patients with periodontitis.

Materials and Methods

This study was a randomized-controlled, double-blind
clinical trial, conducted between October 2014 and October
2015 in a single centre, and each individual was followed
up for 8 weeks. The study protocol was confirmed by the
Ethics Committee of Atatlrk University, Erzurum, Turkey
(decision code: 24/2014, date: 1310.2014), and managed
according to the principles outlined in the Declaration of
Helsinki on experimentation involving human individuals.
The signed consent form was obtained from all participants.

Selection of Patient

A total of 50 healthy, non-smoking patients with
periodontitis (19 women and 31 men) between 31 to 57
were selected. All patients presented stage Il periodontitis,
based on clinical parameters [plague index (PD), gingival
index (GD), probing pocket depth (PD), clinical attachment

level (CAL)]. Patients of each group had a minimum of 20
teeth and at least two pocket site with a probing depth 5
mm or more in each quadrant. Patients with periodontitis
were classified according to the 1999 classification at the
time of treatment, but were revised according to the 2017
periodontal disease classification defined by the European
Federation of Periodontology and the American Academy
of Periodontology (11) classification criteria. Patients with
stage Il periodontitis according to current classification
were included in the study. All individuals were generally
healthy, non-smoking, and none had undergone periodontal
therapy and/or antibiotic therapy in the past 6 months.
Pregnant or breastfeeding women and tobacco users were
excluded from the study. Depending on the treatment plan,
the patients were divided into 2 groups.

Control group: This group included 25 patients with stage lll
periodontitis (9 women and 16 men) aged between 31 to 57
who were applied SRP.

Test group: Test group consisted of 25 patients stage lll
periodontitis (10 women and 15 men), aged between 33 to
55, who were applied OT as an adjunctive to SRP.

Power Analysis

The sample size was determined by showing regard to
a=0.05 and power (1-$)=85%. Because of the variability
value (0=SD), a 0.05 mm change in the clinical attachment
gain was used. The clinically allowable mean value (d)
was taken as 0.5 mm. Relying on these data, the minimum
number of patients required for this study was computed as
22 for each group

Study Design

The study design summerized Figure 1. Before treatment
was initiated, the randomized determination of the test
or control groups was performed using a coin toss. Two
calibrated rearchers (A.D., S.S.) conducted the study.
Only one researcher (S.S.) conducting clinical evaluation
was blinded to the treatment undergone by patients. The
treatment groups were encoded, therefore only the operator
(A.D.) was informed of the protocol and the examiner
maintained blinded during the study. The clinical examination
in both groups was performed two times: baseline and eight
weeks after treatment. The parameters were calculated by
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a periodontal probe (Williams; Hu-Friedy). The following
parameters was assesed: PI, GI, PD, CAL were measured at
six sites of each tooth (mesialbuccal, buccal, distalbuccal,
mesiolingual, lingual and distolingual). Only periodontal
pockets depth of 5 mm and above were included in the
assessment. Before SRP, patients were given oral hygiene
training including toothbrush and dental floss and/or
interdental brushes were called for control 1 week later and
gingival crevicular fluid (GCF) samples were taken.

Examiner Calibration

The investigator (S.S.) conducting clinical evaluation was
calibrated for intra-examination repeatability before the
study initiation. Five patients with 10 defects were included
as this reason. Duplicate parameters of PD were gathered
with a period of 48 hours among the first and the second
record. Standardization was approved whereas parameters
at baseline and at 48 h were within a milimeter (mm) at
290% of the time.

Treatment Procedure

The study was performed in the Department of Periodontics,
Faculty of Dentistry, Ataturk University, Erzurum, Turkey.

Test Group: Each of the patients received SRP. Mechanical
debridement was applied with ultrasonic piezoelectric
scalers (EMS, Mini-Piezon) and hand instruments (Gracey
curettes, Hu-Friedy). Following SRP in the test group, gas
ozone application into the periodontal pockets was carried
out by the capillary tip (KPX) for 60 sec at 26 pg power
(16,600 ppm at 60% power) accordance to the parameters

8-week

Figure 1. Study desing

GCF: Gingival crevicular fluid, SRP: Saling and Root Planing, OT:
Ozone therapy

specified by the manufacturer company (Ozonytron XP,
MYMED Gmb H). The application of each tooth are made
in equal time careffully. Gas ozon was applied two times
for three consecutive days. Aspiration was performed to
prevent ozone inhalation during application.

Control Group: Only SRP was applied.

Sample Collection

GCF samples were collected from four affected teeth using
paper strips (PeriopaperTM, Oraflow Inc). The procedure
was continued for 30 seconds at the gingival sulcus for
each tooth. The sample volumes were measured with a
calibrated specific device (Periotron 8000®, Oraflow Inc).
The strips stored at -80 °C prior to use. GCF sampling and
clinical periodontal parameters were obtained before SRP
for both groups and after 8 weeks period.

Biochemical Analysis

Biochemical analyses were evaluated with the “Enzyme
Linked-Immuno-Sorbent ~ Assay”  (ELISA)  method
using a diagnostic tumor necrosis factor-o (TNF-o),
interleukin-1p (IL-1B), Interleukin-6 (IL-6), Interleukin-10
(IL-10) (eBioscience, Bender Medsystems) and matrix
metalloproteinases-9 (MMP-9) (Quantikine®, R&D Systems)
ELISA kit.

Statistical Analysis

Statistical analyses was performed by using SPSS 20.0
program.

The results were described as the mean + standard deviation
(SD). The normal distribution suitability of the parameters
was determined by the Kolmogorov-Smirnov test. Because
all parameters were normalized, pre-and post-treatment
values, which were assessed by t-test (paired samples
t-test) for dependent samples, are used to compare the mean
of numerical data from two dependent groups. The student
t-test for dependent samples were done with differences
over time in the related groups. Pearson correlation analysis
was applied with regard to correlation analysis. The value of
p<0.05 was taken into account to be statistically significant.

Results

The test group consisting of 10 females and 15 males with a
mean age of 42.16+6.32 with periodontitis was carried out
on the control group consisting of 9 females and 16 males
with a mean age of 40.16+8.04. There was no significant
difference between the groups in terms of age and gender
distribution (p>0.05).

The mean and SDs of the clinical periodontal parameters
and GCF volumes obtained from baseline and after 8-week
are shown in Table 1. There was no statistically significant
difference between groups baseline clinical periodontal
parameters and the GCF volume (p>0.05).

There was no statistically significant difference between
the test and control groups in the GCF volume after 8-week
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(p>0.05), but there was a statistically significant reduction
in the clinical periodontal parameters (p<0.05).

In the test and control groups, a statistically significant
decrease in all clinical periodontal parameters and GCF
volumes after baseline and after 8-week were observed
(p<0.05).

The mean values of biochemical markers between baseline
and after 8-week and statistical comparison of these values
between the test and control groups are given in Table 2.

There was no statistically significant difference between
the mean values of baseline levels of biochemical marker
between the test and control groups (p>0.05)

In the test and control group, the baseline levels of IL-1f,
IL-6, IL-10 and MMP-9 decreased after 8-week and this
decrease was statistically significant (p<0.05).

Comparasion between the test and control group after
therapy, a significant decrease in the GCF MMP-9 levels
was found in the test group (p=0.01).

Discussion

As aresult of our study; there was a significant decrease in
clinical periodontal parameters and GCF volume in patients
treated with gas ozone after SRP. A statistically significant
reduction was observed IL-1f, IL-6, IL-10 and MMP-9 levels
in groups, while MMP-9 levels were significantly decreased
in the test group compared to the control group at 8-week.

In this study, it was observed that clinical periodontal
parameters showed improvement after SRP according
to baseline values after gas OT. In several studies, it has
been determined that ozonized water treatment is more
effective in improving clinical periodontal parameters
compared to SRP alone in periodontitis therapy (9,10,12,13).
In a study, Hayakumo et al. (9) reported that ozonized water

as an adjunctive to SRP, improved the clinical periodontal
parameters in patients with periodontitis after 4-week.
Ranjith et al. (10) found that adjunctive ozone water irrigation
resultedin significantadvancementinall clinical parameters,
outside of PD. Also a study performed by Kshitish et al.
(12) showed that ozonized water as an adjunctive to SRP
significantly improved the clinical periodontal parameters
on the 18" day in patients with periodontitis. Moreover, Katti
et al. (13) demonstrated that ozonized water as an adjunctive
to SRP lead to a significant reduction in clinical periodontal
parameters in 30-day evaluation. The results of our study is
consistent with their studies.

There are also studies showing that OT has no effect on
clinical periodontal parameters in addition to SRP (4,8,14-
17). The results of these studies are not compatible with
the results of our study. The differeces between our results
and those of similar studies can be explained partially by the
different types and concentration of ozone used, duration
of application, presence or absence of control and type
of control. Further randomized, double-blind and well-
controlled clinical trials are required to obtain remarkable
conclusions.

Ozonized water, ozonized oil and gas ozone are applied at
different doses and times in in vivo and in vitro studies until
now (5,8,16). In the present study, gas ozone was applied
each tooth two times for consequtive three days for 60 sec,
each tooth at 26 pg power (16,600 ppm at 60% power). Uraz
et al. (15) reported that the split mouth study gas ozone
application was 3 times during 30 s, 2100 ppm with 80%.
Tasdemir et al. (16) in their study were applied gas ozone
twice a week for 2 weeks, 75% power for 30s.

In the literature search, Uraz et al. (15) evaluated TNF-q, IL-
1B, IL-6 in the GCF of patients with periodontitis for SRP +
OT and SRP-alone. Following SRP-alone group TNF-a levels
were significantly reduced at 4 week. IL-6 concentration

Table 1. Comparison of clinical parameters between groups, baseline and 8-week
SRP + OT (n=25) (Mean + Between groups p’ values SRP alone (n=25)
SD) (Mean + SD)
Pl baseline 2.260.38 NS 2.15£0.34
Within the group 8-week p=0.000, 1.33+0.37 p<0.05 p=0.000, 1.62+0.37
Gl baseline 2.50£0.44 NS 2.32:0.46
Within the group 8-week p=0.000, 1.53+0.45 p<0.05 p=0.000, 1.86+0.42
PD (mm) baseline 3.88:0.48 NS 4.07+0.70
Within the group 8-week p=0.000, 2.33+0.28 p<0.05 p=0.000, 2.60+0.43
CAL (mm) baseline 5.61£0.95 NS 6.23£1.26
Within the group 8-week p=0.000, 4.12+0.39 p<0.05 p=0.000, 5.03+0.96
GCF volume (pl) baseline 0.65+0.20 NS 0.69+0.16
Within the group 8-week p=0.000, 0.09+0.05 NS p=0.000, 0.11+0.05
p’- Comparison of 8-weeks values of groups (t-student test). GCF: Gingival crevicular fluid, SRP: Scaling and root planing, OT: Ozone therapy,
Pl: Plague index, Gl: Gingival index, PD: Probing depth, BOP: Bleeding on probing, SD: Standard deviation, NS: Non-significant
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Table 2. Comparison of biochemical parameters between groups, baseline and 8-week

SRP + OT (n=25) (mean + SD)

Between groups p* values

SRP alone (n=25) (mean + SD)

TNF-o (pg/mL)

Baseline 1.63+£0.32 NS 1.73+0.35
Within the group NS NS

8-week 1.87+0.51 NS 1.51£0.19
IL-1B (pg/mL)

Baseline 131.52+53.49 NS 148.57+68.29
Within the group p<0.05 p<0.001
8-week 1.53+0.45 p>0.05 59.64+40.35
IL-6 (pg/mL)

Baseline 3.35£0.46 NS 3.51118
Within the group p<0.001 p<0.001
8-week 1.08+0.15 p>0.05 0.97+0.45
IL-10 (pg/mL)

Baseline 1.40+0.58 NS 1.41£0.59
Within the group p<0.05 p<0.05
8-week 0.71£0.21 p>0.05 0.82+0.35
MMP-9 (pg/mL)

Baseline 93.73+48.90 NS 98.47+43.47
Within the group p<0.05 p<0.05
8-week 14.37+5.91 p<0.05 45.30+14.61

p’- Comparison of 8-weeks values of groups (t-student test). SRP: Scaling and root planing, OT: Ozone therapy, TNF-a: Tumor necrosis factor-
alpha, IL-1 B: Interleukin-1 beta, IL-6: Interleukin-6, MMP-9: Matrix metalloproteinases-9, SD: Standard deviation, NS: Non-significant

significantly decreased at 3-month follow-up in the SRP
alone group. Tasdemir et al. (16) investigated reduction in IL-1
levels after both SRP + OT group and SRP alone group after
3-month, but the decrease was not statistically significant.
No clinical studies were found topical application of ozone
in the treatment of periodontitis to evaluate levels of IL-10
and MMP-9 in GCF, except for the study investigating the
effects of ozonized water on salivary MMP-9 level. Skurska
et al. (14) after treatment with ozonized water in patients
with periodontitis, saliva was increased in MMP-9 level and
saliva in MMP-9 level decreased in patients with aggressive
periodontitis.

OT influences biomolecules that contain structures
cysteine, methionine or histidine residues via ozone's
oxidation power (18). Cysteine residue, in the homology
region in domain-1 of MMPs, regulates the preservation of
latency of the enzyme proform. The shift from the inactive
into active form is subjected by degradation of cysteine
thiol group that is caused by ozone-dependent reactions
proteolytic dissociation or action of free radicals (18-20).
It is considered that OT effects the structure of MMP-9
molecules, due to significant decrease in MMP-9 levels in

the test group compared to the control group (p=0.01).

The present study has some limitations. First of all,
ozone was determined to be toxic to human oral epithelial
cells and gingival fibroblast. Secondly, each study was
conducted under a different protocol as stated in the
manufacturer’s instructions for ozone application. Thus, the
timing and power of ozone application were based on the
manufacturer’s suggestion, and not on scientific evidence.
The last limitations of this study may be considered to have
a small sample size and a short follow up period. Future
studies with larger samples and longer follow-up periods to
contrast various applications ozone agents for the treatment
of periodontitis will give exciting results.

Conclusion

Medical ozone can be used as an adjunctive to SRP in the
treatment of periodontal diseases. The most important
issue in OT is the need for scientific studies to examine its
long and short term effects by considering the parameters
such as strength, duration and frequency of administration
with all three ozone types.
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