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Dental ozone therapy, the state of the art.
Drafted by Fadi Sabbah, D.D.S. - Vice-president, International Scientific Committee of Ozone Therapy
(1ISCOs) and working group: Dr. Eric Zaremski; Dr. Nory Bazzano Mastelli; Dr. Carlos Goes Nogales.

ISCO3 documents are recommendations which may become source of guiding and reference to all those
who practice ozone therapy. However, it is up to each ozone therapy to follow or not the
recommendations issued by ISCO3.

Abstract

There has been very little research to support clinical practices in dental ozone therapies. The protocols used in
dental ozone therapy should fulfill the general guidelines and requirements commonly recognized by healthcare
professionals and authorities as evidence-based medicine. To meet these criteria, both ozone dental research
and the clinical practice of dentistry should converge. The positive results and advantages of dental ozone
therapy should define standard parameters that the dental ozone equipment manufacturers need to follow to
develop ozone systems that meet the requirements of both dentists and researchers.

The aim of this paper is to review the available published research and to compare it to what the majority of
practicing dentists are applying in their practice. Four databases (PubMed; Ovid Medline; Cochrane; 1ISCO3)
were used to search for articles covering the use of ozone in dentistry. Using the key words “ozone in dentistry”
on PubMed (last accessed November 2017) retrieved 295 articles. Articles not related to dental ozone and
general reviews were excluded (70). The resulting sample size of 225 articles, as well as the retrieved analysis
results, are highly indicative to be able to draw conclusions and to formulate future recommendations.

To our knowledge, this is the first attempt to perform such an analysis. It is not the aim of this paper to critique
the published research or the clinical practice of dental ozone therapy. The aim is to elicit the required
modifications to research protocols and to evaluate whether dental ozone manufacturers provide the required
equipment.

This review study used different groupings to evaluate the results. In the “ozone gas only group”, a clear
deviation between research and clinical practice was noted. In all the other groups, the results were, in general,
more congruent. Most of the current dental ozone research has focused on the antimicrobial effects of ozone,
using either just ozone gas only, ozonated water only or ozonated oils only. It is highly recommended that dental
ozone research changes its path. Clinicians have expectations that research will support their clinical uses of
ozone. We need to meet the expectations of clinicians through adopting new and different studies. We need to
create research that goes past the conventional and well-studied antimicrobial potential of 0zone and by using
ozone both in gas and water, not separately, plus ozonated oils when applicable.

Key words: Dental, ozone therapy, research, clinical expertise, ozone gas, ozonated water, ozonated oils.

Dental ozone therapy the state of the art © I1SC03. 2018



mailto:info@isco3.org
http://www.isco3.org/

International Scientific Committee of Ozone
Therapy SOP: ISCO3/QAU/00/23
TellFax (+34) 913515175. Cell Phone (+34) 669685429 Version: 1
Avenida Juan Andrés 60. Local 1 - Bajo lzquierdo 28035, Date: 23/04/2018
Madrid (Spain) info@isco3.0rg www.isco3.org Page 2 of 26
Index
R (11 oo [0 od o o SO SPSSSS 3
P Y [=11 T o ] (oo YOS RTSSR 3
2.1 Dental ozone published articles: Data COlECHION ............ccoveiiiiiiiiie e 4
2.2 RELMEVEH DALA.......ccueiiieiieieie ettt bbbt bbb et et st e st ebenbe e b e eneeneas 5
B T B - - 1 g 1 £ S 7
3.1, GrOUP GAS ONIY ..ttt bbbttt b et bbb 7
3.1.1. Generators used in group Gas ONIY ........ooiiieiiiiiee e e 8
3.2. Group 0zonated Water ONIY ........ccvoiiiieiice ettt sraeane s 10
3.3 Group 0ZONALEA OIIS......eiueeiieieiiece ettt e st e ae e e e e e re e e e e nne s 11
3.4 Group 0zone gas and 0ZONALEA WALET ..........cverviririeriiriieie ettt 12
3.5. Group Topical — Systemic 0zone apPliCAtION. ..........cooiiieiiirieieiese e 13
3.6. GroUP 0ZONE INJECHIONS. ...c.viiuieiieeite ettt ettt ettt e st e s te et e s beesae et e steesteaneesneenneas 13
O B 1ol § (1S (o] o RSSO 14
5. ChANGE HISTOMY ...ttt bbbttt bbbt 15
6. DOCUMENT RECOIUS ....vevieireie ettt sttt e te e s et enbeeneesseesbeeneesreenneaneeaneeneeas 15
ApPeNdixX: ArtICIES CONSUITE ........oiiiiiie it ra e e e e aneas 16
(O 0] 1 C - TSP P PRSP TPPOPPPUPRRPRTPRN 16
OZONE WALET ...ttt bbb bt a b e bt Rt b ettt b e bt et e nb e e bt e nn e ne e b s 21
(@ 0] g - UL=To O ] | OSSR 23
OZ0NE GAS-WWALET ...ttt ettt ettt e bt e bt e bt e sb e e eh e e e bt e e ab e et e e eabeenbeesnbeebeeas 24
TOPICAI = SYSEEIMC ....cuieiieiie ettt e st e st e et e s e e st e et e s ae e staebeeneesaeesteaneenrs 25
RETEIEICES ...ttt bbbttt h st e b bbbt b e Rt et e b e bbb ne e nen 26

Dental ozone therapy the state of the art © I1SC03. 2018



mailto:info@isco3.org
http://www.isco3.org/

International Scientific Committee of Ozone
Therapy SOP: ISCO3/QAU/00/23
TellFax (+34) 913515175. Cell Phone (+34) 669685429 Version: 1
Avenida Juan Andrés 60. Local 1 - Bajo Izquierdo 28035, Date: 23/04/2018
Madrid (Spain) info@isco3.0rg www.isco3.org Page 3 of 26

1. Introduction

Since the early pioneering days of the Swiss dentist Dr. E Fisch (1899-1966), ozone application in dentistry has
evolved and now is being used by a growing number of dentists worldwide.

Due to the high disinfection and oxidation properties of ozone, scientists studied the use of ozone in various
applications, mainly in water treatment, where the bulk of the fundamental ozone science as we know it today
emerged. The promising results from the use of ozone in water treatment encouraged the expansion of its use
to other applications, e.g. air and surface treatments, which are more relevant to healthcare and medical
professionals.

In parallel to the use of ozone in industry in the early twentieth century, scientists and physicians also introduced
the use of ozone in medical and dental applications. It was not until the last two decades of the 20™ century that
researchers studied the biological effects of ozone more in depth. Then, the clinical guidelines became more
relevant and precise. This better understanding of ozone reactions and its biological effects led clinicians and
researchers to re-study its use in dental medicine as well.

During this period, several national and international medical ozone associations were formed, the International
Scientific Committee of Ozone therapy (ISCO3) was established, and a multitude of scientific congresses and
courses were held. Ozone therapy is now legally practiced in several countries around the world. ISCO3
published the “Madrid Declaration on Ozone Therapy”* which is considered an international reference for both
clinicians and legal authorities.

Even though there has been a steady increase of healthcare professionals using 0zone, ozone therapy has not
yet reached the point where it is considered a mainstream treatment modality. Consequently, it is not reimbursed
by social security programs or by private insurance companies. Two large issues that pose major obstacles to
ozone therapy advancement are the shortage of public research funds and the reticence of pharmaceutical
companies to invest in non-patentable modalities. However, some of the many indications of ozone therapy are
now classified as evidence-based medicine. Some high quality published clinical trials, meta-analyses, and the
gathered clinical experience have proved ozone’s efficacy in certain medical applications.!®

With the collaborative contribution and coordination of both research and clinical practice, the well-studied
medical indications of ozone have reached the level of evidence-based science. Very clear guidelines and
protocols were established and are constantly updated with new scientifically supported findings.

Dental ozone therapy constitutes the number one topical administration in medicine. Research and clinical
applications in medical ozone therapy can be a reference to follow for dental research and its applications.

Even though there are published general reviews of available literature with conflicting findings and
recommendations, there is a need to examine whether dentists are following the research methodology and if
the protocols used are similar. There is also a need to evaluate the technical specifications of commercially
available dental ozone systems. Such comparative analyses have not been carried out yet. We believe that the
findings of these analyses will aid in highlighting any potential deviation that may exist between research and
clinical practice and help direct future research. It is not within the objectives of this paper to evaluate or critique
published literature, nor to assess the suitability of the protocols used by practicing dentists. The goals are both
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to reach a synergistic and common path in dental ozone therapy leading to evidence-based medicine as well as
to provide standard requirements for the manufacture of ozone generators to meet the needs of dental practice.
This would set more definitive guidelines to apply in general dental practices.

2. Methodology

2.1 Dental ozone published articles: Data collection

Four databases (PubMed; Ovid Medline; Cochrane; ISCO3) were used to search for articles covering the use
of ozone in dentistry. Using the key words “ozone in dentistry” on PubMed (last accessed November 2017)
retrieved 295 articles, some of which were not related to dental ozone uses. In addition, selected unpublished
articles collected over the years from scientific 0zone meetings were also used in this study. In total, 225 articles
were included. This sample size of 225 articles, as well as the retrieved analysis results, are highly indicative to
be able to develop conclusions and future recommendations as needed.

All 225 articles were used in this comparative analysis, irrespective of ozone form (gas, ozonated water or
ozonated oil) or fields of application (in vitro, pre-clinical and clinical studies) were all included. Whenever
possible, full text articles were retrieved. Otherwise abstracts were used — Included in Table 1.

As mentioned earlier, the aim is not to critique the studies, but to look at the “Materials and Methods” and the
applied ozone parameters and compare them to those applied by the dentists in their practice. Percent of results
(G/S Good/Significant, GINS Good/non-significant, NS non-significant) was stabilized as criterion of clinical
efficiency.

Table 1. Frequency distribution of articles by group classification pre-clinical- in vitro-clinical.

Number Type of article Stage of the investigation
Group of Abstracts | Full Text | In vitro Pre- Clinical
Articles clinical trials
. O3Gas 118 59 59 72 39 7
Il. O3 Water 53 10 43 39 11 3
I1. O; Qil 30 8 22 10 15 5
IV. O; Gas-Water 14 3 11 9 4 1
V. Oj3Topical-Systemic 6 2 4 - 3 3
VI. Oz Injection 4 - 4 - 3 1
TOTAL 225 82 143 130 20 75

Dental ozone therapy the state of the art © I1SC03. 2018
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Sidebar |. Classification of articles

Group Ozone mode of application

l. Ozone Gas Ozone gas only was used in the research

Il.  Ozonated Water Ozonated water only was used in the research
I1l.  Ozonated Oil Ozonated oil only was used in the research

IV. Ozone Gas-Water

Combined or Separate administration of 0zone gas and ozonated water were

used, plus ozonated oil when applicable

V. Ozone Topical-Systemic

Topical and/or Systemic ozone administration was used

VI. Ozone Injection

Ozone gas and/or ozonated water was injected sub-cutaneous or intra-articular

Classification of articles — Appendix: Reviewed Articles List. Articles were classified into six groups as listed

in sidebar I.

2.2 Retrieved Data

Articles from each classification group were categorized according to different criteria: 1) country and period
of research (Table 2), 2) field of research i.e. caries, periodontics, endodontic, soft tissue lesions, etc. (Table

3), 3) Ozone equipment/generator and technical specifications (Table 4).

Table 2. Classification of manuscript according to: County and period of research.

1985 | 2005 | 2011 | 2016

Country | 5004 | 2010 | 2015 | 2017 | N
Turkey - 4 28 13 45
U.K. 20 4 3 1 28
Germany 7 6 3 3 19
Egypt 1 3 9 4 17
Brazil - 3 9 4 16
Italy 2 7 3 2 14
India - 1 9 4 14
Japan 7 5 2 - 14
Switzerland 1 6 2 - 9
Cuba 5 2 - 7
Sweden 1 2 2 1 6
Other Countries with less than 5 36
countries articles

Legend: N, total number of manuscripts. Total number of revised manuscript was 225.
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Table 3. Classification of manuscript according to: Fields of research.

Field N %
Caries 46 20.5
Materials 36 16
Endodontic 34 15
Surgery 29 125
General 34 145
Periodontics 17 7.5
Soft Tissue Lesions 8 3.5
Dental unit water lines (DUWL) 4 1.7
Temporomandibular joint (TMJ) 6 2.5
Whitening 4 2
Orthodontics 3 1.8
Cytotoxicity 4 1.8

Legend: N, total number of manuscripts. Total number of revised manuscript was 225.

Table 4. Frequency distribution of articles by ozone generators and specifications.

Generator | N | % | Oz (ug/mL) 0O, Flow Rate
Healozone | 75| 65 4.2 Ambient air | 650 mL/min
Ozonytron | 18 | 145 Unclear | Air/Pure O, Unclear
Prozone 12 1105 0.2 Ambient air 2 L/min
Others 13| 11 Not specified

Table 5. Frequency and relative frequency distribution of articles by field of research and results.

. Results (%) *

i N "G5 [ GINS | NS
Caries 46 71 29
Materials 36 86 14
Endodontic 34 77 23
Surgery 29 89 11
Periodontics 17 75 25
Soft tissue lesions (STL) 8 88 12
Temporomandibular Joint (TMJ) 6 100 -
Dental unit water lines (DUWL) 4 100 -
Whitening 4 50 50
Orthodontics 3 67 33
General 38

Total 225 77 23

Legend: N, total number of manuscripts. * Percent of Results: G/S Good/Significant, G/NS Good/non-

significant, NS non-significant.
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Clinical Expertise: Dental professionals’ Ozone Clinical protocols — Parameters

Due to logistical and time constraints, the collection of clinical protocols on ozone therapy applied by the
majority of dental professionals, worldwide, fields of application, etc. was limited to direct contacts with
individual dentists, associations, educators and trainers. Information pertaining to 0zone concentration, oxygen
source and modes of application were gathered in order to draw a general guideline that is mostly followed by

the dental professionals.

The majority of dentists use ozone gas and water (mostly combined), few others use ozonated water only. The

following are the reported concentrations used:

i. Ozone gas: Concentration 10-100 pg/mL. Flow rate: 30-1 000 mL/min. Application time: 30 s to 5 min.

ii. Ozonated water: Concentration 4-20 pg/mL; Volume: Unclear.
iii. Ozonated oils peroxide value (PV): Unclear.

3. Data Analysis

3.1. Group Gas only

Table 6. Frequency and relative frequency distribution of articles by country, year of publication, results and

type of ozone gas generator.

Country 1999 | 2005 | 2011 | 2016 | N % Results (%)* Generator?
2004 | 2010 | 2015 | 2017 | 118 G/IS |GINS NS | H Oz P

1. Turkey - 4 20 8 32 |265| 69 31 9 13 4
2. UK. 20 2 3 1 26 | 225|925 7.5 26
3. Germany 1 4 1 3 9 | 75 ]445 55.5 8
4. ltaly - 4 1 2 7 6 | 715 28.5 3 1
5. Sweden 1 2 2 1 6 5 | 66.5 335 4 1
6. Switzerland - 5 1 - 6 5 20 80 5 1
7. Brazil - - 1 3 4 3.5 25 75 1
8. Egypt 1 - 2 - 3 | 25 |665 335 2 1
9. Australia - 2 1 - 3 | 25 ]335 66.5 2 1
10. Croatia - 2 1 - 3 | 25 ] 100 - 3
11. Portugal - - 3 - 3 | 25 | 100 - 1 2
12. U.AEE. - 2 - - 2 |15 ] 100 - 2

Total 23 27 36 18 | 104 67% 33% 74* | 17* | 12*
Not listed: countries with 1 article only (14 manuscript) - - 65% | 15% | 10%

Legend: N, total number of manuscripts 118 (include 14 manuscripts of the non-listed countries) 1) G/S
Good/Significant, G/NS Good/non-significant, -NS non-significant. 2) Type of generator: H: Healozone; Oz:
Ozonytron; P: Prozone. U.K., United Kingdom; U.A.E., United Arab Emirates, * Including the not listed

article.
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3.1.1 Generators used in group Gas only

1. The Healozone® generator was used in 65% of the ozone gas only studies - Table 6. For safety reasons, this
system generates ozone gas only when a hermetic seal of the treatment area is achieved by using a silicone cap
on the delivery handpiece. It generates ozone gas from dry ambient air at a fixed concentration of ~4.2 pg/mL
and ~650 mL/min flow rate. The application time varied from 10 s to 180 s yielding a total dose of (0.06 — 8.20)
mg ozone gas. In 57/74 studies (77%) good/significant results were noted, whereas the remaining 23% revealed
a combined good/non-significant and non-significant results.

Only one in vivo study, which showed good/significant results, used a second version of the Healozone which
generates ozone gas from dry ambient air as the first version) or from pure oxygen at a fixed concentration of
32 pg/mL. Application time was 120 s yielding a total ozone dose of ~128 mg.

2. The Ozonytron” was used in 15% of the ozone gas only studies — Table 6. This system generates a plasma
phase, including ozone, from the air surrounding the treatment area via an electro-magnetic field. Other models
generate ozone from pure oxygen. According to the technical specifications from the manufacturer’s website,
as well as the ozone concentration values and measurement units, it is difficult to specify with accuracy the
0zone concentration that can be achieved with these units. The claimed ozone gas concentration values, in our
opinion, are either exaggerated or misrepresented, a fact confirmed by the following concentration values as
indicated in the manufacturer’s website:

“Ozone concentration when using the ozone injector:

e Flowing in with 1 L/min

¢ Using atmospheric oxygen: 800 ppm to 22 000 ppm

o Using 99.5 % medically pure oxygen from the gas bottle: 3 000 bis 100 000 ppm — (6 — 200) g/L

Converting ppm into pg/mL (refer to sidebar 2), it is clear that there is a misrepresentation of the ozone
concentration and the measurement units used.

Sidebar 11

Converting ppm into pg/mL

800 ppm to 22 000 ppm is equal to about 1.6 pg/mL — 44 pg/mL.
3 000 ppm to 100 000 ppm is about 6 pug/mL — 200 pg/mL.

6 — 200 g/L is equal to 6 000 — 200 000 pg/mL.

The majority of the articles citing the use of the ozone injector, the Ozonytron, the ozone concentration could
not be easily interpreted as the authors reported it in general terms such as “According to the manufacturer’s

instructions”, “The system was operated at SN intensity in accordance with the manufacturer’s instructions”,

Dental ozone therapy the state of the art © I1SC03. 2018
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“Oz was delivered at 100 % for 40 s with peristaltic motions, as recommended by the manufacturer”, “Gas
Topical application. Activated oxygen ozone) concentration of 30 %", or “In accordance with the
manufacturer’s instructions, at 100% volume for 40 s

Of the 17 studies, 65% showed good/significant results and 35% combined good/non-significant and non-
significant results.

3. The Prozone® was used in 10% of the ozone gas only studies — Table 6. This system generates ozone from
ambient air at a fixed ozone concentration of ~0.25 pg/mL and 2 L/min flow rate. Time of application varied
between 6 s and 240 s yielding a total applied ozone dose of 0.08 mg — 2 mg. Of the 12 studies, 50% showed
good/significant results and 50% combined good/non-significant and non-significant results.

By comparison to medical ozone generators where only pure oxygen is used to generate 0zone gas, these dental
systems operate on ambient air and produce low ozone concentrations. A reason why most of the research
authors used these models is that they are CE medical device certified, which is a prerequisite in the European
Union where the vast majority of research was conducted.

This discrepancy between medical and dental ozone systems is unclear. It’s highly recommended that dental

ozone manufacturers follow the technical specifications commonly used in medical ozone systems which
reference pure oxygen sources and a large spectrum of ozone gas concentrations.

Summary of ozone parameters used in group gas only between research and clinicians:

Group O3 gas only Research Dentists G /SReg/IIEISS(yr NS
Concentration (ug/mL) | 0.2-4.2 10-100 67 33
Oxygen source Ambient air | Pure oxygen | - - -
Dose (mg) 0.06 — 8.2 3-120 - - -

Legend: Results: G/S, Good/Significant; G/NS, Good/non-significant; NS, non-significant.

A clear divergence is evident between “ozone gas only” research studies and clinicians reference oxygen source
and ozone concentrations. It is noteworthy to mention that dentists follow the same specifications and
parameters as used by medical doctors in topical applications, which is also well reflected in medical research
covering this particular field of application, whereas the dental research in “ozone gas only” is somehow
following a different path.

It is with hope, that future dental ozone studies take into consideration this finding. We would also hope that
authors consider following the same guidelines, specifications and parameters as used in medical topical
applications. We suspect that the negative results (33%) would be vastly improved. It is also anticipated that
dental ozone manufactures provide reliable and improved systems specifically designed for dental applications
and be CE certified in order to be safely and legally used in dental ozone studies.

Dental ozone therapy the state of the art © I1SC03. 2018
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3.2. Group ozonated water only

Table 7. Summary of articles by country, Field, and Results.

. . Results %
Country | N | Country |N Field N Field N G/S | GINS | NS
Japan 10 | Switzerland | 4 | Periodontics | 13 | DUWL 4
India 8 | Egypt 3 | Surgery 9 | Caries 3
Germany | 7 | China 3 | Endodontic | 7 | Softtissue lesions | 2 | 85 15
Brazil 6 | UK 2 | Materials 6 | TMJ 1
Turkey 5 53 articles* | General 6 | Cytotoxicity 1

Legend: N, total number of manuscripts. * Including the not listed article (countries with 1 article only). DUWL,
Dental unit water lines; TMJ, Temporomandibular Joint; UK, United Kingdom. Results: G/S, Good/Significant;
GINS, Good/non-significant; NS, non-significant.

Lower negative results were noted in group “ozonated water only” (15%) — Table 7 - compared to group “ozone
gas only” (33%) — Table 6.

Table 8. Ozonated water concentration used in the studies and results.

Low concentrations N % Hight concentrations N %
pg/mL pg/mL
<0.1 10 19 4-6 12 23
<2 6 12 8-15 8 15
16-25 17 32
Total 16 31 37 69
GI/S: 50 G/S: 89
Results % GINS-NS: 50 Results % GINS-NS: 11

Legend: N, total number of manuscripts. %, percent of the total number of manuscripts analyzed (53). Results:
G/S, Good/Significant; G/NS, Good/non-significant; NS, non-significant.

It was further observed that 19% of the total number of studies used less than 0.1 pg/mL concentration, and
12% used less than 2 pg/mL, yielding 50% combined negative results in comparison to 11% in other studies
where a higher concentration of (4-25) pg/mL was used.

Unlike the observed discrepancy in ozone parameters between clinicians and research in group “ozone gas
only”, there is a concordance between clinical applications and research findings in group “ozonated water
only”.

Dental ozone therapy the state of the art © I1SC03. 2018
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It is thus recommended that future studies use medium to high ozonated water concentrations of (4-25) pg/mL
which are commonly used in medical topical applications and by dental clinicians.

3.3 Group ozonated oils

Table 9. Summary of articles by Country and Field.

Country é\(l) Field N
Italy 7 | Surgery 10
India 6 | Antibacterial 6
Egypt 5 | Periodontics 4
Cuba 4 | Endodontic 3
Brazil 3 | Soft tissue lesions 2
Countries 5 | Cytotoxicity 2
1 article each Caries 1

Materials 1
Hyper-sensitivity 1

Legend: N, total number of manuscripts. Total number of manuscript analyses was 30.

Table 10. Concentrations and Results.

Concentration N Results %
mEq O,/kg [G/S]
~1300 4

590 1

0.025-0.5% 1 100
Not specified 24

Legend: N, total number of manuscripts. G/S, Good significant. Total number of manuscript analyses was 30.

The major positive result noted in ozonated oils studies is strongly suggestive of their usefulness in dental
applications, as also observed in topical medical applications. Additionally, the lack of ozonated oils
concentration specification in the majority of the dental studies was observed. The role and responsibility of
ozonated oils producers to label their products with the peroxide value® (in mEq O/kg or in mmol Oy/kg) is
vital in order to compare different vegetable oils and concentrations best suited for dental applications.

Dental ozone therapy the state of the art © I1SC03. 2018
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3.4 Group ozone gas and ozonated water

A striking observation is the very low number of studies where both ozone gas and ozonated water were used.
In medical topical applications studies, it’s only normal to use both gas and water, and the positive results
observed in the 14 dental studies is proof that both gas and water should be used instead of only gas or only
water.

In our opinion, the common practice in clinical applications of the combined use of gas and water when
applicable should be the norm in future dental research studies, as well as the use of medium to high ozone
concentrations.

Table 11. Summary of articles by Country or Field.

Country N C/St Field N
Egypt 3 C Endodontic 5
Brazil 3 S Materials 2
Turkey 3 S Cytotoxicity 2
Germany 2 S T™MJ 1
Cuba 1 C Caries 1
USA 1 C Soft tissue 1

lesions
Poland 1 S Periodontics 1
Surgery 1
Total 14 Total 14

Legend: N, total number of manuscripts. *C/S: Combined or Separate use of ozone gas and/or water. TMJ,
Temporomandibular Joint.

Table 12. Concentrations and Results.

Concentration N Results %
pg/mL GS GINS
Ozone gas Ozonated water

4.2 4 5
0.2-53 1-20 2

6-20 20 2 93 7
60 25 1
40 8 1
Not specified 3

Legend: N, total number of manuscripts. Results: G/S, Good/Significant; G/NS, Good/non-significant. Total
number of manuscript analyses was 14.
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Table 13. Summary of articles by Country, Field, Application Mode and Results.

Country Field N Application Mode Re‘;’gg %
Ukraine | Surgery 2 O3 water + IV O3 saline

Egypt Surgery 1 Not specified

Russia Surgery 1 Os water + IV Oz saline 100
Cuba ™J 1 IA vs. Rectal + 1A

Turkey | Surgery 1 Intraperitoneal + O3 gas

Legend: N, total number of manuscripts. TMJ, Temporomandibular Joint. 1V, Intra Venous; IA, Intra articular.
Results: GS Good/Significant. Total number of manuscript analyses was 6.

In light of the increasing evidence and research in oral-systemic health links, it is essential that medical and
dental health professionals, especially researchers, join efforts and conduct more studies in order to elucidate
the usefulness of ozone therapy in chronic inflammatory diseases both oral and systemic.

This holistic health approach would greatly benefit patients suffering from chronic oxidative stress where ozone
therapy is highly indicated.

In our opinion, there is an urgent need to conduct more studies on this subject which will take ozone therapy as
a whole to a totally new level, especially that adult chronic periodontitis is considered one of the most common
chronic inflammatory diseases affecting several systemic conditions, and vice versa.

The promising positive results seen in these dental studies, and by comparison to the very large number of
published articles in medical ozone therapy with the highest grade of evidence-based medicine in vertebral-
paravertebral ozone injections, warrant more research in temporomandibular joint (TMJ) and related muscles.
As in the case of chronic periodontitis affecting a large number of the population, temporomandibular joint
disorders is also considered one of the most common skeletal inflammatory and degenerative conditions.
Future research in this field would help dental clinicians to distinguish between the beneficial effects of the
TMJ intra-articular and the para-articular ozone injections, as well as the topical applications as seen in some
studies where ozone gas was topically applied over the affected TMJ area (Table 14).
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Table 14. Summary of articles by Country, Field, Application Mode and Results.

Country | Field | N Application Mode Results %
Egypt TMJ | 3 | O3 gas and/or O3 water
Turkey | Ortho | 1 | Osgas [G/S] 100

Legend: N, total number of manuscripts. TMJ, Temporomandibular joint. Ortho., Orthodontics. Results: G/S
Good/Significant. Total number of manuscript analyses was 4.

4. Discussion

It is indisputable that ozone therapy in dentistry is growing and is being used by an increasing number of dentists
worldwide. The clinical experiences and treatment outcomes are adding significant amounts of knowledge.
Dental research should follow and support dental professionals in their daily practice of ozone therapy. As well,
dental professionals will benefit from the experiences of our medical colleagues.

Most importantly, the discrepancy noted between research and clinicians in ozone gas specifications and oxygen
feed sources is significant. A major contributing factor to this discrepancy is the available dental ozone gas
systems offered to researchers, most of which operate on ambient air and generate low 0zone gas concentrations.

In addition, it is fundamental that ozone dental units be designed with a larger spectrum of gas concentration
and be certified for use in research. There is a large choice of commercially available medical units. However,
the average cost of these systems might be prohibitive for dental use.

In 15% of the ozone gas articles, the concentration and flow rate were not clearly specified, thus of little or no
value for clinicians. It is paramount that authors measure the concentrations of the generated gas, and not solely
rely on manufacturers’ recommendations.

Similarly, the peroxide value (PV) of the ozonated oil products should be tested by researchers in all instances.
The majority of ozonated oils articles did not specify the PV, which is essential for clinicians to choose the
appropriate concentration according to the clinical case.

We cannot stress enough about the need and importance of future dental research studies incorporating both
ozone gas and water, as well as ozonated oils when applicable. These therapies are what the majority of dentists
apply in their practice and it might very well improve the overall positive and significant results in research.

Dental ozone research ought to change its course to meet the expectations of clinicians. Research needs to
explore new and different studies than the conventional and well-studied antimicrobial potential of ozone. Most
importantly the direct ozone application on pulp exposures, whether due to caries, trauma or iatrogenic, and to
evaluate the potential of dentin generation and pulp tissue cytotoxicity according to the ozone form and applied
dose.
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The assistance and cooperation of our medical colleagues is well appreciated, especially in conducting more

studies in the field of oral-systemic links.

Lastly, ozone equipment manufacturers have a major role to play in the evolution of dental ozone research and

clinical ozone practices.
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Appendix: Articles Consulted

Some selected unpublished articles without formal citation (highlighted in yellow) were collected from
scientific ozone meetings.

Ozone Gas

1. Influence of Ozone on Oxidation of Dental Alloys. Suzuki/Oizumi/Furuya/Okamoto/Rosenstiel. International Journal of
Prosthodontics Year 1999 Volume 12, Issue 2.

2. Chemical treatment of machined titanium surfaces. An in vitro study. Krozer A, Hall J, Ericsson I. Clin Oral Implants Res. 1999
Jun;103):204-11.

3. Antimicrobial effect of a novel ozone- generating device on micro-organisms associated with primary root carious lesions Caries
Res. 2000 Nov-Dec;346):498-501. Baysan A, Whiley RA, Lynch E.

4.  Patients attitudes to managing caries with Ozone. Domingo H, Smith C, Freeman R, Lynch E. J Dent Res, 81: A-183; 2002 2002
99 n/an/a

5. Clinical reversal of root caries using Ozone: 6-month results. Baysan A, Lynch E. J Dent Res, 81: A-343; 2002. 2002 80 214

6.  Clinical Reversal of Occlusal Pit & Fissure Caries Using Ozone. Holmes J. The First Pan European Festival of Oral Sciences,
Cardiff, UK. Abstract no. 431; 2002 and J Dent Res, 82: C-535;

7. Ozone, an effective treatment for DUWL.

8.  Bond strengths of composite to enamel /dentine treated with ozone. Hussey D, Armstrong C,Lynch E. The First Pan European
Festival of Oral Sciences, Cardiff, UK. Abstract no. 697; 2002

9. Clinical reversal of root caries using ozone, double-blind, randomized, controlled 18-month trial. Gerodontology. 2003
Dec;202):106-14. Holmes J.

10. Clinical Reversal of Pit & Fissure Caries after Using Ozone. Reaney D, Lynch E. AADR Abstract no. 674; 2003. 2003 22 78 30
Seconds Primary Pit & Fissure Carious Lesion

11. Treatment of Primary Occlusal Pit and Fissure Caries with Ozone. Cronshaw MA Six-month Results IADR Abstract no.
2750;2003.

12. Ozone Efficacy in Treatment of Occlusal Caries in Primary Teeth. Abu-Salem OT, Marashdeh MM, Lynch E. J Dent Res, 82:
B-136; 2003 2003 16 42

13.  Successful Use of Airbrasion in Conjunction with Ozone Treatment. Clifford C. J Dent Res, 82: B-2747; 2003. 2003 37 48

14. Ozone Efficacy in Treatment of Occlusal Caries in Primary Teeth. Abu-Salem OT, Marashdeh MM, Lynch E.. AADR Abstract
no. 685; 2003. 2003 17 50

15.  Primary Colonization of DUWL by P. aeruginosa & its Eradication by Ozone. Al Shorman, Abu-Naba'a, Coulter W, Lynch E. J
Dent Res, 82: B-284; 2003.

16. Bond strength of glass-ionomer's to dentine after Heal Ozone treatment. Czarnecka B, Continental NOF Divisions of the IADR
Abstract no. 63; 2004. 2004

17. Ozone Treatment of Root Caries after 21-Months. Holmes J. IADR Abstract no. 117; 2004.

18. The Effect of Ozone on Fissure Caries in Permanent Molars. Huth KC, Paschos E, &. Hickel R.IADR Abstract no. 2466; 2004
2004 41 114

19. Clinical Reversal of Occlusal Pit & Fissure Caries Using Ozone. Hamid A. IADR Abstract no. 3470 2004. 2004 184 184

20. Reversal of Caries Using Airbrasion& Ozone- Nine Month Results. Clifford C. IADR Abstract no. 2467; 2004.

21. Restoration of ART & Ozone treated primary root carious lesions. Holmes J. J Dent Res, IADR Abstract 2004.

22. Reduction in treatment time with combined air abrasion & Ozone compared to traditional ‘Drill & Fill’. Domingo H, Holmes J.
J Dent Res, IADR abstract 2004.

23. Influence of ozone treatment on marginal adaptation of fissure sealing. Hiller Ka, Continental NOF Divisions of the IADR
Abstract no. 62; 2004. 2004.

24. Ozone air levels adjacent to a dental ozone gas delivery system. Johansson E, Dental Hygienist Education, Department of

Odontology, Umeé University, Umed, Sweden. Acta Odontologica Scandinavica, 2007; 65: 324330
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Treating open carious lesions in anxious children with ozone. A prospective controlled clinical study. Dahnhardt JE, Jaeggi

T, Lussi A. University of Bern, Switzerland. Am J Dent. 2006 Oct;195):267-70.

High-resolution 1H NMR investigations of the oxidative consumption of salivary biomolecules by oral rinse peroxides. Acta
Odontol Scand. 2013 Jan;71(1):223-35. doi: 10.3109/00016357.2012.658082. Epub 2012 Apr 23

Determination of the Performance of Various Root Canal Disinfection Methods after In Situ Carriage. Anca Virtej, Dr. med.
dent. 2007 by the American Association of Endodontists. doi:10.1016/j.joen.2006.11.025

Antibacterial effect of an ozone device and its comparison with two dentin-bonding systems. Olga Polydorou, Germany, Eur J
Oral Sci 2006; 114: 349-353.

Assessment of enamel changes during fixed orthodontic treatment with and without ozone— Amna AL-Shamsi. School of
Medicine and Dentistry Queen’s University of Belfast (QUB) - PhD thesis 2007

Efficacy of gasiform ozone and photodynamic therapy on a multispecies oral biofilm in vitro. Mu“ller P, Guggenheim B,
Schmidlin PR. Eur J Oral Sci 2007; 115: 77-80. _ 2007 2007 Eur J Oral Sci

Effect of ozone treatment on the molecular composition of dentin. ANTIPA, L. PAPAGIANNOULIS, and G. ELIADES,
University of Athens EKPA), Greece, 2007.

Primary Fissure Carious Lesion Reversal Using Ozone. Alena Knezevi¢, Croatia/ Acta Stomatol Croat. 2007;411):31-8.
Assessment of ozone in root canal therapy — PhD theses

Assessment of the Ozone-Mediated Killing of Bacteria in Infected Dentine Associated with Non-Cavitated Occlusal Carious
LesionsA. Baysan D. Beighton Caries Res 2007;41:337-341 DOI: 10.1159/000104790

Effect of ozone on the remineralization of enamel in vitro. Nie L, Li X, Hu DY. Zhonghua Kou Qiang Yi Xue Za

Zhi. 2007 Feb;422:102-5.

Effects of ozone and sodium hypochlorite on caries-like lesions in dentin. Zaura E, Buijs MJ, ten Cate JM. Caries

Res. 2007;416):489-92. Epub. 2007 Oct 1.

The inability of Streptococcus mutans and Lactobacillus acidophilus to form a biofilm in vitro on dentine pretreated with ozone.
Aust Dent J. 2008 Dec;534):349-53. Knight GM, Mclintyre JM, Craig GG, Mulyani, Zilm PS.

Comparison of the immediate effects of gaseous ozone and chlorhexidine gel on bacteria in cavitated carious lesions in children
in vivo. Hauser-Gerspach I, Lussi A. Clin Oral Investig. 2008 Nov 26.

Effect of ozone gas application on the mechanical properties of dental adhesives bonded to dentin. Magni E, Ferrari M, Hickel
R, Huth KC Dent Mater. 2008 Oct;2410):1428-34. Epub 2008 Jul 22

Treating sensitive cervical areas with ozone. A prospective controlled clinical trial. Dahnhardt JE, Gygax M, Martignoni B,
Suter P, Lussi A.Am J Dent. 2008 Apr;212):74-6

The disinfecting effect of ozonized oxygen in an infected root canal: an in vitro study. Stoll R, Venne L, Jablonski-Momeni A,
Mutters R, Stachniss V.Quintessence Int. 2008 Mar;393):231-6.

Bond strength of fiber posts after the application of erbium:yttrium-aluminum-garnet laser treatment and gaseous ozone to the
root canal. Bitter K, Noetzel J, Volk C, Neumann K, Kielbassa AM. J Endod. 2008 Mar;343):306-9.

Effect of ozone and Tooth Mousse on the efficacy of peroxide bleaching. Manton DJ, Bhide R, Hopcraft MS, Reynolds EC.
Aust Dent J. 2008 Jun;532):128-32.

Efficacy of calcium hydroxide, Er:YAG laser or gaseous ozone against Enterococcus faecalis in root canals. Noetzel J, Nonhoff
J, Bitter K, Wagner J, Neumann K, Kielbassa AM. Am J Dent. 2009 Feb;221):14-8

Ultraviolet-ozone treatment reduces levels of disease-associated prion protein and prion infectivity. Christopher J BMC
Research Notes 2009, 2:121doi:10.1186/1756-0500-2-121

Antibacterial effect of 0zone on cariogenic bacterial species. Johansson E, Claesson R, van Dijken JW.J Dent. 2009
Jun;376):449-53. doi: 10.1016/j.jdent.2009.02.004. Epub 2009 Apr 1.

Comparison of the immediate effects of gaseous ozone and chlorhexidine gel on bacteria in cavitated carious lesions in children
in vivo.Hauser-Gerspach | Lussi A. Clin Oral Investig. 2009 Sep;133):287-91. doi: 10.1007/s00784-008-0234-4. Epub 2008
Nov 26.

Preventive effect of ozone on the development of white spot lesions during multibracket appliance therapy. Kronenberg O, Lussi
A, Ruf S. Angle Orthod. 2009 Jan;791):64-9. doi: 10.2319/100107-468.1.

The influence of Healozone on microleakage and fissure penetration of different sealing materials. Duki¢ W, Duki¢

OL, Milardovi¢ S. Coll Antropol. 2009 Mar;331):157-62.

Bactericidal effect of KTP laser irradiation against Enterococcus faecalis compared with gaseous ozone: an ex vivo study.
Kustarci A. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2009 May;1075):e73-9
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bacteriological studyM.Y.M. Shoukheba, Sh.A. Ali. Tanta Dental Journal 11 (2014) 63e73

Success of root fillings with zinc oxide-ozonated oil in primary molars: preliminary results. Chandra SP*, Chandrasekhar
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Effect of ozone on osseointegration of endosseous implants in osteoporotic bone. Yusr O. Mady and Amal Hassan
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In vitro testing of a denture cleaning method using ozone. Oizumi M, Suzuki T, Uchida M, Furuya J, Okamoto Y. J Med Dent
Sci. 1998 Jun;452:135-9.

Effect of ozone on oral cells compared with established antimicrobials. Huth KC, Jakob FM, Saugel B, Cappello C, Paschos E,
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