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Abstract

AIM: To study the effectiveness of ozone in the elimi-
nation of cariogenic bacteria, followed with fluoride
supplements.

METHODS: Sixty extracted teeth free of caries were
used, and five groups were constituted. In Group I,
the teeth were immersed in artificial saliva. In Group 1T,
the teeth were inoculated with Streptococcus mutans
(S. mutans) and immersed in artificial saliva. In Group
II the teeth were inoculated with Lactobaccilus fermen-
tum (L. fermentum) and immersed in artificial saliva.
In Group IV the teeth were inoculated with S. mutans
and L. fermentum and immersed in artificial saliva and
the teeth in Group V were inoculated with S. mutans
and L. fermentum, and were subjected to the applica-
tion of ozone and to the action of a fluoride mineralizing
gel. DIAGNOdent was used to evaluate the caries of the
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teeth 3 wk after inoculation of bacteria and after that the
teeth of Group V were subjected to the application of
ozone during 60 s, by HealOzone. After the application
of ozone, products of the remineralization kit supplied by
the manufacturer were applied daily, during 30 d. At the
end samples were collected for analysis and evaluation
of bacterial activity by polymerase chain reaction.

RESULTS: Regarding the value of caries, obtained via
DIAGNOdent, in the initial measurement the groups
are homogeneous (P = 0.730). There was an increase
in DIAGNOdent values, presenting statistical signifi-
cant difference regarding the initial measurement in all
groups (P < 0.001), except in group I - only artificial
saliva - which shows that the artificial carie model was
effective. Comparing the initial and final measurements
for each of the 60 teeth, it can be observed that in 9
teeth (15.0%) there was a decrease in values between
the two measurements, one (1.7%) retained the same
values in the two measurements and in the remaining
50 cases (83.3%) there was increase in values be-
tween the initial and final measurements. It should also
be noted that in the teeth inoculated with S, mutans +
L. fermentum, there was an increase of the values in
100% of cases, and in all groups except the group with
artificial saliva, there is @ more frequent increase in the
values. In group V, subject to the application of ozone,
bacterial DNA was not detected, in group IV, bacterial
DNA was detected.

CONCLUSION: Ozone was effective in the elimination
of the study bacteria.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Currently dental caries can be defined as a multifactorial
and infectious disease, characterized by a localized hard
tissue demineralization of tooth, resulting from acidic
products, through bacterial fermentation of carbohy-

Clarke"™ (1924) identified Streptococcns mutans (S. mutans)
in carious lesions and 306 years later Fitzgerald and Keyes
found that these bacteria were capable of inducing caries
in hamsters. A number of studies in humans have shown
that caries are a confirmation of bacterial infection, pri-
marily mediated by S. #utans, which is transmited through
the saliva within the family unit. Lactobacillus fermentum
(L. fermentum) is also associated with the caries process,
but is not responsible for it, since it does not have the ca-
pacity for the adherence like S. mutans®.

Until today no single factor was found as a caries
inducer, instead several factors are proposed such as: mi-
croorganisms, diet, teeth and saliva, resulting in the meta-
bolic activity of bacteria that will ferment diet carbohy-
drates to produce lactic acid"*". Metabolic activity leads
to changes of pH on the interface of the tooth surface
and bacterial deposits, producing an imbalance between
the enamel and the fluid of the plaque, causing the loss
of tooth mineral when pH decreases, or the mineral gain
when the pH increases'. The cumulative result of these
processes can be demineralization or remineralization,
with mineral loss, leading to dissolution of the dental tis-
sues and the formation of caries'".

In strategies for management of caries, emphasis has
been given to preventive treatments and remineralizing
procedures in the early detected stages'™. In the presence
of caries we have various treatment options. The deci-
sion in cavitated teeth becomes simpler, since the treat-
ment choice is conventional drilling and ﬁlling[sl. In the
lesions that are not cavitated, the decisions become motre
complex, two types of approach can be selected: invasive,
assuming that the lesion is active and will progress; or a
conservative approach, in order to stop the progression
of caries. The latter approach is where emphasis has
been placed, leading to more reseatch in this area involv-
ing fluoride products and the remineralization process'”.
These approaches can be divided into selective invasive
interventions and non-invasive interventions, in which
ozone is included”. The non-invasive interventions focus
on caries prevention and the preservation of demineral-
ized enamel and dentin, but without cavitation. Under
these conditions “restitutio ad integrum” is thought to
be possible, by removing bacteria and products of their
metabolism and allowing the remineralizing process using
fluoride!”.

The antimicrobial effects of ozone have been known
for many yearsls]. The direct application of this gas on
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coronary or root surfaces seems to have a sterilization
effect”. It is mentioned that it is able to slow, stop, or
reverse the carious processm. It is believed that the ozone
is also useful in reducing the microbial flora in cavitated
lesions, before proceeding to ﬁllingm. Although ozone is
not a radical, it is the third most potent oxidant”. Due to
its oxidative power, it induces the destruction of the cell
walls and membranes, and cytoplasm of bacteria, fungi

10,11 . .
191 The use of ozone in dentistry has

and certain viruses
been advocated for the sterilization of cavities, root ca-
nal, periodontal pocket and herpetic lesions"”. However,
its major indication is in the treatment of caries™. The
ozone procedure involves the application of ozone gas,
the use of remineralizing agents and an oral hygiene kit
to give to the patient, in order to promote the process of
remineralization.

The present work aims to assess the effectiveness of
ozone in the elimination of cariogenic bacteria.

MATERIALS AND METHODS

Teeth preparation

Sixty extracted premolars and molars without caries were
selected and stored in a saline solution. The extracted teeth
were set in acrylic blocks and numbered. Before using
the DIAGNOdent® pen 2190 (KAVO GmbH, Biberach,
Germany) to evaluate the caries, the teeth were cleaned,
dried and selected according the value obtained with DI-
AGNOdent. An occlusal recess of small size (0.08 mm
wide, 1 mm deep and 3 mm in length) was carried out,
with a 008 cylindrical diamond drill, placed in turbine with

cooling air/water.

Artificial saliva

Artificial saliva solution was used and prepared based on
a modification of the basal medium mucin (BMM) me-
dium with modified Shellis artificial saliva, whose compo-
sition is described in the Table 1. The bacteria used were
S. mtans (ATCC reference: 25 175) and L. fermentum (ATCC
reference: 14 932). These bacteria were grown and main-
tained according to the instructions in the ATCC (Ameri-
can Type, Culture and Collection). For inoculation of the
samples, bacteria were prepared in phosphate buffered
solution (PBS) suspensions. This was subsequently dilut-
ed to the final value of 10” colony forming units for each
bacteria of saliva used for this study. Artificial saliva was
supplemented with 2% glucose (20 g/L).

Constitution of groups

Five groups were formed: Group I - 10 teeth, immersed
in artificial saliva; Group II - 10 teeth, inoculated with
L. fermentum with a bacterial load of 10” and immersed in ar-
tificial saliva; Group Il - 10 teeth, inoculated with S. mutans
with a bacterial load of 10°and immersed in artificial sa-
liva; Group IV- 10 teeth, inoculated with L. fermentum and
S. mutans with a total bacterial load of 2 X 10° and im-
mersed in artificial saliva; Group V - 20 teeth inoculated
with L. fermentum and S. mutans with a total bacterial load
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Table 1 Composition of artificial saliva, modification of basal

medium mucin Medium with modified artificial Shellis saliva

g/L
Yeast extract 5
Proteose peptone 10
Potassium chloride (KCl; 74.5 g/mol) 1.2
Sodium hydrogen carbonate (NaHCOB; 84 g/L) 0.6
Potassium thiocyanate (KSCN; 97.18 g/mol) 0.23
Sodium Di-hydrogen phosphate (Na2HPO 4.12 H:0; 358 g/mol) 0.9

of 2 x 10°, subject to the application of ozone followed
by fluoride remineralizing gel (supplied by the manufac-
turer of HealOzone, with sodium fluoride 0, 24% w/w)
and immersed in artificial saliva.

All teeth during the experimental protocol were kept
in an incubator at 37 ‘C with permanent stirting at 150 £/
min. All procedures performed during the experimental
protocol were performed in a laminar flow chamber. The
teeth were immersed in artificial saliva and inoculated in
accordance with the specifications for each experimental
group. DIAGNOdent was used to evaluate the teeth 3
wk after inoculation, as well as the pH, using a pH mea-
suring tape (pH 1-10 Universalindikator Merck).

Ozone application

The application of Ozone was made with HealOzone®
in group V (KAVO GmbH, Biberach, Germany) 3 wk
after bacterial inoculation. Before ozone application, the
teeth were removed from the medium and washed with
a sterile saline solution, and ozone was applied for 60 s.
For ozone application a silicone dome was used, which
was selected according to the size of each tooth, and
changed between each tooth. After application of the
ozone a reducing solution was applied, supplied by the
manufacturer, for 60 s. Then the teeth were immersed
in fresh medium again. Glucose at 0.05% was added to
the new medium, also composed of artificial saliva. The
bottles were flushed with sterile saline solution before
the new medium was inserted. 30 d later, the teeth wetre
brushed with a tooth brush and tooth paste provided by
the manufacturer of HealOzone. At the end of brushing
a fluoride spray was applied, also supplied by the manu-
facturer, as a remineralization protocol once a day.

Sample preparation

Seven weeks after inoculation, a collection of Groups
IV and V was made, prepated by excavation of cavities,
with a dentin sterile excavator. The samples were stored
in PBS and 25% glycerol. The extraction of total DNA
from bacteria was performed by the method of protein-
ase K. Extraction was performed using the protocol of
bacteria Lysis Buffer from Roche. After the extraction,
the DNA was quantified.

Statistical analysis
Statistical analysis of results shows the mean values and
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standard deviation. Comparison between groups was
performed using Kruskal-Wallis test with multiple com-
parisons and adjusted in each group, by the Wilcoxon
test. Comparisons between the initial and final measure-
ments in each tooth and their relation with group was
performed using a XZ test with simulation by the Monte
Catlo method (P < 0.001). All data analysis was pet-
formed by SPSS, version 19, at a significance level of 5%.

RESULTS

Regarding the value of caries, obtained with DIAGNO-
dent, in the initial measurement groups are homogeneous
(P = 0.730) but the second measuring statistical differ-
ence exist between groups, the differences being detected
between groups: group I and group V (P < 0.001),
group I and group IV (P = 0.014), group IV and group V
(P = 0.0306).

There was an increase in DIAGNOdent values, pre-
senting statistical significant difference regarding the initial
measurement in all groups, except in the group I, only
artificial saliva, see Table 2.

Comparing the initial and final measurements for
each of the 60 teeth, it can be observed that in 9 teeth
(15.0%) there was a decrease in values between the two
measurements, one (1.7%) retained the same values in the
two measurements and in the remaining 50 cases (83.3%)
there was an increase in values between the initial and fi-
nal measurements. Although changes are associated with
the group, a decrease of the values can be expected only
in the group which used artificial saliva and an increase
in teeth with S. mutans or S. mutans + L. fermentum. The
maintenance of values between measurements occurred
in the L. fermentum group. It should also be noted that in
the teeth inoculated with §. mutans + L. fermentum there
was an increase of the values in 100% of cases, and in
all groups except the group with artificial saliva there is a
more frequent increase in the values (Table 3).

In group V, subject to the application of ozone, bacte-
rial DNA was not detected. In group IV, bacterial DNA
was detected, polymerase chain reaction amplification
curves, for some teeth of group IV are presented in Figure 1.

DISCUSSION

At the beginning of the experimental work, all teeth were
free from caries. The highest values accepted, quanti-
fied by DIAGNOdent® pen 2190, were 12. According
to the recommendations of KaVo, this corresponds to
the threshold for considering the tooth tissue normal
and healthy. The diagnosis of caries lesions is made after
visual and tactile examination of tooth surfaces, however
it may be necessary the use auxiliary diagnostic tests'. A
tool developed for the diagnosis and quantification of
caries is DTAGNOdent, which is based on tissue fluo-
rescence induced by laser light. In interpreting the values
obtained, it is necessary to take into consideration that
there may be false positives. These can occur in the fol-
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Table 2 Results of DIAGNOdent, expressed as mean + SE, quartiles and range of variation

Material Med n Mean  Structural Min Max P25 P50 P75 Med1 vs
equation Med2
modeling
Artificial Saliva 1 10 6.10 0.795 2 11 4.75 6.00 7.50 0.759
2 10 8.20 4.54 0 45 0.00 1.00 14.75

L. fermentum 1 10 5.40 0.792 2 10 3.00 5.50 7.25 0.011
2 10 19.40 6.31 2 63 7.00 9.50 27.50

S. mutans 1 10 5.60 0.859 2 9 2.00 6.50 8.00 0.011
2 10 30.00 10.33 0 99 9.25 15.50 47.00

S. mutans + L. fermentum 1 10 6.00 0.978 2 12 4.50 5.00 8.50 0.005
2 10 31.90 3.29 16 47 25.00 29.50 43.75

S. mutans + L. fermentum ozone + remin 1 20 515 0.782 1 12 2.25 4.00 8.75 <0.001
2 20 45.95 5.90 20 99 24.50 37.00 68.50

Comparisons between 5 groups 1 P =0.730
2 P <0.001

S. mutans: Streptococcus mutans; L. fermentum: Lactobacillus fermentum.

Table 3 Measurements difference for each of 60 teeth

Group Total
Artificial saliva L. fermentum S. mutans S. mutans + S. mutans +
L. fermentum L. fermentum + ozone
Difference Decreased n (%) 7 1 1 0 0 9
Residue 5.5 -0.5 -0.5 -1.5 -3.0
Maintenance n (%) 0 1 0 0 0 1
Residue -0.2 0.8 -0.2 -0.2 -0.3
Increased n (%) 3 8 9 10 20 50
Residue -5.3 -0.3 0.7 1.7 3.3
Total 10 10 10 10 20 60
S. mutans: Streptococcus mutans; L. fermentum: Lactobacillus fermentum.
lowing situations: teeth with plaque; fillings with fluores- ies simulating these oral fluids 7 vitro contained as main
cent composites; proximity of the pulp; food waste; pro- components mucin, yeast extract and/or peptones. One
phylactic pastes; remineralized cavities; increased natural of these formulations is the BMM medium, which has
fluorescence and patients exposed to radiation. been widely used for in vitro studies of oral bacteria!*.
Three weeks after bacterial inoculation, the presence The presence of yeast extract and peptones contributes
of caries was evaluated in all groups, using DIAGNO- to the presence of a variable concentration of peptides,
dent® pen 2190. Some authors claim that the diagnostic vitamins and ions in the medium!*. Shellis in 1978 de-
technologies such ECM (Electric Caries Meter) and veloped an artificial saliva, chemically defined, containing
DIAGNOdent, perform better in the early detection of various ions, amino acids, vitamins, growth factors and
caries in occlusal surfaces, compared with visual examina- bovine origin mucin"®. This has as its major components
tion™. Goel ef at™ in 2009 conducted an  vivo study that potassium chloride, sodium chloride, sodium hydrogen-
compares the efficacy of DIAGNOdent with conven- carbonate and potassium thiocyanatem].
tional methods (visual, tactile and bitewings radiographs). The artificial saliva used in this experimental study
The authors concluded that DIAGNOdent showed high consisted of a modification of BMM medium, with modi-
precision compared to conventional methods for the fied Shellis saliva, which since the system used was a sim-
detection of enamel caries. However, when the cavities ple one, only comprises two bacteria. To allow a greater
reach dentine, although precision is high, it is similar to bacterial growth prior to inoculation of bacteria on teeth,
other diagnostic methods. The DIAGNOdent is the di- the artificial saliva was supplemented with 2% glucose, to
agnostic method chosen for this work since it allows the allowing the formation of lactic acid by fermentation.
quantification of dental caries, has good accuracy, repro- After the appearance of the tooth caries and applica-
ducibility, sensitivity and Validjtym’m. tion of ozone, the teeth were immersed in new medium,
Plaque in humans is a complex biofilm compris- the same as used earlier, but without glucose supple-
ing hundreds of microbiological speciesm]. The culture mentation, since the carious lesion was established and
plaque using the BMM medium, exhibits similar growth the concentration of glucose in yeast extract must cor-
rates behaviour to the natural. Oral fluids are the major respond to 0.05% and the concentration of glucose in
source of nutrients to bacterial plaquem]. Several stud- saliva in an adult is 0.01%"".
144
,Bui:I:afnng@ WJS | www.wjgnet.com 21 February 20, 2013 | Volume 2 | Issuel |



Marques ] et a/. Ozone action in cariogenic agents

Qualitative Detection
J Channel (530) v Color Compensation ~ Program (2] ~ |J Advanced

Samples Call Results
Include | Color| Pos | Name Target CP | Score Amplification curves
1 45 2657 5.00
W 2 5 2379 5.00 251
m 3 4w 26.21 5.00 =
W 4 3 24.96 5.00 23F
WM 5 pos 243 Tt
B 6 neg -5.00 210 b4
r i
1.9j ““{ /
1.7F Iy
S 15|
o) [
8 13fF
Q r
9] ¥
g 11f
§ [
2 09F
07
0.5F
0.3
0.1 N /
"
| | | | | | | | | | | | | | | | | | | | | |
2 6 10 14 18 22 26 30 34 38 42
Cycles
[ -l
| Analysis notes
Jate | Time |Messaqe | xll

Figure 1 Polymerase chain reaction amplification curves of real-time for the group IV, inoculated with Streptococcus mutans and Lactobacillus fermentum.

In order to promote bacterial retention on site and to period of 4 wk.
allow faster development of the caries process, we per- Studies conducted to evaluate the efficacy of ozone
formed a cavity of small dimensions on the occlusal sut- in carious lesions in pits and fissures and roots already
face as the occlusal surfaces are particularly susceptible have a good level of scientific evidence, since they are
to caries'. randomized. However, there are authors who raise ques-

The antimicrobial effect of ozone has been shown by tions about the evaluation method, which is in most
several studies"'”. However there are studies that show cases performed by DIAGNOdent, and as to whether
conflicting results, such as those done by Baysan ¢ /' in the participants were aware of the treatment adminis-
2007, which demonstrated that the application of ozone tered to them (only the study by Holmes is double-blind)
in carious lesions of dentin did not significantly reduce and that many of the studies were conducted by the
the number of bacteria detected in infected dentin in team members from the main precursor of this therapy,
non-cavitated caries. Castillo ez a/'" in 2008 conducted an Edward Lynch"”. Systematic reviews on the subject are
in vitro study, which used 41 strains of §. mutans includ- unanimous about the fact that more scientific evidence is
ing native strains obtained from the saliva of 27 children, needed that this therapy can be accepted as an alternative
which after being cultured, were placed in eppendorf. therapeutic approach to early detected caries™".
The ozone was applied to the eppendorf and the results From the study it can be concluded that the caries
show that after application of ozone for 40 s, no bacteria induction protocol employed in this study was effective
were viable. Polydorou ez a/'” in 2006, compared the an- in the development of caries lesions. The application of
tibacterial effect of ozone with two dentin adhesive sys- ozone through HealOzone for 60 s, at a concentration
tems. The adhesive systems showed significant antibacte- of 2100 ppm was effective in eliminating caries bacteria.
rial activity. However, application of ozone has proved a No bacterial DNA was detected after the application of
promising in eliminating residual microorganisms in deep ozone, followed by the daily application of the reminer-
cavities and potentially increases the clinical success of alizing products for 30 d. The treatment with ozone is
fillings. Knight ez al"™ in 2008 conducted an i vitro study advantageous in minimally invasive dentistry, it maintains
to determine the effects of ozone application in dentin the healthy tissue, and does not require anaesthesia, and
before the formation of a biofilm. The study showed with a simple and non-time-consuming process presents
that the ozone application prevents the formation of a satisfactory results. More evidence is still needed before
biofilm of S. mutans and Lactobacillus acidophilus for a the cost-benefit ratio can be assessed.
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Background

Carious lesions occur due to acid dissolution of the enamel and/or dentin as a
result of the metabolism of specific microorganisms, the main ones being Strep-
tococcus mutans (S. mutans) and Lactobacillus fermentum (L. fermentum).
Ozone is a powerful oxidant that has the ability to eliminate 99% of bacteria,
fungi and viruses. Once the bacteria is eliminated, the remineralization may oc-
curs in the treated area.

Research frontiers

The bacterias S. mutans and L. fermentum are effective in producing tooth de-
cay immersed in artificial saliva, and ozone was able to eliminate them. In this
study the authors shows the capability of ozone in their elimination.
Innovations and breakthroughs

This is the first study to demonstrated the capability of bacteria elimination
by the ozone, by polymerase chain reaction. Demonstrating that the ozone is
highly effective. This study by demonstrated the bacteria elimination, shows
that the ozone provides conditions for the remineralization.

Applications

Ozone therapy is advantageous in minimally invasive dentistry, because it
maintains healthy tissue, does not require anesthesia and with a simple and
non-time-consuming procedure gives satisfactory results.

Terminology

The carie occurs due to acid dissolution of the enamel and/or dentin as a re-
sult of the metabolism of specific microorganisms, the main are S. mutans and
L. fermentum. Ozone is oxidant that has the ability to eliminate bacteria, fungi
and viruses.

Peer review

The manuscript is good to add some information on the antibacterial effect of
ozone in dental caries.
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