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Microbiological Evaluation of Ozone on Dentinal Lesions
in Young Permanent Molars using the Stepwise Excavation
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Aim: To assess the microbial effect of ozone gas on dentinal lesions in young permanent molars using the
stepwise excavation. Study design: An experimental, controlled clinical trial was performed. The sample
included 80 immature first permanent molars, showing deep occlusal carious cavities that were indicated for
stepwise excavation. Following first step of dentin excavation, the sample was divided into test (ozone gas)
and control (calcium hydroxide (Ca(OH);) base material) groups. One half of the cases in each group were
evaluated for microbiological changes after 6 months, and the other half after 12 months. Results: Mutans
streptococci (MS), Lactobacilli, and Candida counts were significantly reduced immediately after ozone
application in the test group (P <0.05). At the final assessment period, MS and Lactobacilli were significantly
reduced in the test group (P <0.05). Meanwhile, the Candida counts were significantly reduced only in the
test group of the 6 and 12 month-cases (P <0.05). Regarding the control group, the significant reduction
in microbial count was observed with MS after 6 and 12 months (P <0.05). No significant differences were
observed between test and control groups at different evaluation periods (P >0.05). Conclusions: Ozone gas

had a significant antimicrobial effect in deep class I carious lesions.
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INTRODUCTION

ental caries is an infectious bacterial disease characterized

by a drop of the pH, demineralization of tooth structure with

loss of minerals which diffuse out of the tooth. The result
is cavitation, discomfort, pain which may lead to tooth loss !. These
processes are induced by organic acids such as lactic and pyruvic
acids generated by bacteria, predominantly MS 2 For identification of
persons at high risk for caries, MS and Lactobacilli have been used.
Different methods and trials were directed against these bacteria, to
reduce their number and, subsequently the severity of dental caries °.

The maintenance of integrity and health of an immature perma-
nent tooth and its supporting tissue in case of deep carious lesion is
based on the careful diagnosis and the appropriate treatment proce-
dure which varies from indirect pulp treatment, direct pulp capping,
and pulpotomy for both carious and traumatic exposures, to allow the
continued physiologic development and formation of the root apex *.

Ozone has been introduced to medicine since 1885 °. As regard
the biological effect of ozone, this gas is considered a very effective
disinfecting agent °. Technical advances have made it possible for
ozone to be applied to small areas of dental hard tissues using a
device known as the HealOzone and considered as a pharmaceutical
approach for treatment of caries 7, and tooth sensitivity *.

The classical method of treatment of dental caries is the exca-
vation of carious lesions to remove soft, discolored and infected
dentin to approach a hard cavity bottom in the translucent or hyper-
mineralized dentin °. In the absence of any signs and symptoms of
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irreversible pulpitis, in case of deep carious lesions, and in attempt
to avoid pulp exposure, two different techniques had been advo-
cated. The first is indirect pulp capping '° and the second procedure
known as stepwise excavation ''.

Based on the reported antibacterial effect and dentinal sealing
ability of ozone, the use of ozone gas in treatment of deep carious
lesions seems to be promising. The null hypothesis tested was that
there would be no changes in cultivable microflora before and after
using ozone gas on dentinal lesions in young permanent molars
using the stepwise excavation.

The aim of this study was to assess the microbial effect of 0zone
gas on dentinal lesions in young permanent molars using the step-
wise excavation.

MATERIALS AND METHOD
The Ethical Committee at the Faculty of Dentistry, Alexandria
University approved the research protocol.

Study Design

An experimental, controlled clinical trial was performed.

Sample Size Calculation

Sample size was estimated using the following assumptions:
alpha error = 5%, beta error = 20%, DIAGNOdent reading in control
group = 30, DIAGNOdent reading in test group = 20, common
standard deviation = 10'2, The minimum required sample size was
calculated (http://powerandsamplesize.com/Calculators/Compare-
2-Means/2-Sample-Equality) to be 16 which was increased to 20 to
make up for cases lost to follow up. The minimum required sample
size per group was thus set at 20.

Study Sample

A sample of 80 teeth in 40 healthy children (23 males and 17
females) aged 7-9 years with a mean age of 8.25 + 0.69 years were
selected for the present study. Each child had contralateral immature
first permanent molars, with deep class I carious lesions. Fifty-four
mandibular first permanent molars and 26 maxillary first permanent
molars were included in the study. Children were recruited from
either those attending the clinic of the Pediatric Dentistry and Dental
Public Health Department, Faculty of Dentistry, Alexandria Univer-
sity, or children from different junior schools in Alexandria.

Inclusion Criteria

1. Bilateral vital asymptomatic carious first permanent molars
with no pulp involvement, as evident by clinical examina-
tion (no spontaneous throbbing pain, no pain on percussion,
no gingival redness or swelling, and no tooth mobility).

2. Cavitated class I carious lesions with opaque or discolored
enamel exposing the dentin beneath according to the clin-
ical severity index (CSI) score 4 of Ekstrand et al 3.

3.  DIAGNOdent reading equal or more than 31 (score 4) indi-
cating deep dentinal caries '“.

4. Immature teeth with open apex, having no periapical
pathosis as evident by periapical radiographs.

5. No proximal caries as evident by bitewing radiographs.

6. Patients were free from any systemic diseases that might
affect the treatment prognosis.

12 doi 10.17796/1053-4628-42.1.3

Table 1 shows the used equipments, materials and their

manufacturers.

Table 1. Equipments, materials and their manufacturers.

Equipments and materials

Manufacturers

HealOzone device

DIAGNOdent

Calcium hydroxide paste -Dycal

OpalDam

One-step self-etching adhesive

Light activated composite

Light activated glass ionomer
cement lining

Mitis Salivarius Agar, Rogosa
Agar, Sabouraud 2% Dextrose
Agar

Sterile no. 3 round carbide burs

A 2ml sterile cryotube

Auto-vortex vibrator

Agar plates

Anaerobic jar

Gas pack

Transport media: Wilkins-Chal-
gren Anaerobic Broth

HealOzone KaVo Co.,
GmbH, D-88400 biberach/
Riss-Germany

DIAGNOdent KaVo Co,
Biberach/Riss, GmbH, D-88400
Germany

Dycal: Dentsply Co. Rua Alice
Herve, 86-25665-010-Petropo-
lis-RJ.Brasile

OpalDam: Ultradent products
USA.505 West 10200 South
South Jordan, UT 84095
1.888.230.1420

Xeno lll:Dentsply Co.
De-Trey-Str.1 78467 Konstanz,
Germany

TPH Spectrum:

Dentsply Co. Rua Alice
Herve,86-25665-010-Petropo-
lis-RJ.Brasile

Vivaglass Liner. lvoclar
Vivadent AG FL-9494 Schaan/
Liechtenstein. Germany

Oxiod, Basingstroke, hants, UK

SS White. USA

2ml cryotube, Nunc, Renfrews-
hire, Scotland

Autovortex Mixer SA2, Stuart
Scientific, UK

Hi-Tec Industrial Estate, Tambol
Baanpo, Amphur Bangpa-in,
Ayutthaya Province 13160
Thiland

Mart Microbiology B.V. Kelvin-
laan 3, 9207 JB Drachten the
Netherlands

Oxiod, Basingstroke, hants, UK
BDH, Roa Poole, Dorset, UK

For each patient, one tooth was treated with ozone gas and the
contralateral tooth was treated using Ca(OH). base material and

served as control.

Prior to treatment, a written informed consent was obtained

from the parents.

An operator performed the clinical procedures and a microbi-
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ologist who was blinded to the method of treatment performed the
microbiological assessment of dentin samples. The microbiologist
was a faculty staff member from the Microbiology Department,
Faculty of Medicine, Alexandria University. Regarding caries diag-
nosis and microbiological assessment of dentin samples, intra-ex-
aminer agreement was determined using the Kappa statistic and was
considered excellent (K = 0.92).
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Clinical Procedure

After application of topical anesthesia, local anesthesia was
administrated; infiltration for the upper molars and nerve block for
the lower molars. Complete isolation was performed using rubber
dam and saliva ejector. All selected teeth were cleaned using a
rotating bristle brush with copious of water. Stepwise excavation
was performed according to Bjorndal et al ': Caries from the
enamel walls and dentino-enamel junction (DEJ) was removed
using a sterile diamond fissure bur no. 3 in a high-speed handpiece.
The central cariogenic biomass and only the superficial layer of the
necrotic and infected dentin were removed, using a sharp excavator.

According to the method of treatment used, the selected teeth
were randomly divided into 2 groups.

Test group: Forty carious lesions were exposed to ozone gas
generated for 40 seconds. Control group: Forty carious lesions on
the contralateral side were treated using Ca(OH). base material.

One half of the cases in each group were evaluated for microbi-
ological changes after 6 months, and the other half after 12 months.

Base line sample collection for microbiological assessment

The first dentin sample was collected from the inner most layer
of dentin left after the first step of caries excavation, of both the
test and control subgroups, using a sterile no. 3 slow rotating round
carbide bur. A sterile bur was used for each tooth till the bur blades
were filled with dentin particles (bur full) '>. When the dentin parti-
cles didn’t adhere properly to the blades of the bur, few drops of
sterile saline were put onto the dentin to ensure the adherence of the
dentin particles onto the blades of the bur '®. The bur was removed
from the handpiece by sterile tweezers, and placed in a sterile
vial containing one ml of a reduced transport fluid. The vial was
shaken to dislodge the adherent dentin, then the bur was removed
with sterile tweezers '°. Photographs were taken for the sampling
area in order to identify the same area in the next samples ''. Each
photograph was kept in the patient record. The dentin samples were
immediately transported for microbiological study.

For the test group, ozone gas was applied for 40 seconds
according to the manufacturer’s instructions 7.

Second dentin sampling for microbiological assessment in
the test group

The second dentin sample was collected from the same place of
the first samples immediately after ozone application.

In the test group, a temporary seal of a thin layer of OpalDam,
light activated resin material, was applied to isolate the dentin surface
for further examinations. It was cured for 20 seconds using a high
intensity visible light source device. In the control group, cavities were
lined with Ca(OH). base materials. The teeth were sealed temporarily
using one-step self-etching adhesive and light activated composite in
all subgroups according to the manufacturer’s instructions.

The second session at 6 and 12 months

For both test and control groups, following local anesthesia
administration, complete isolation and tooth polishing were
performed. Composite restoration was completely removed and the
cavity was re-opened using no. 3 sterile diamond fissure bur and
sharp excavators. In the test group, the OpalDam was removed to
expose the carious dentin, while in the control group, the Ca(OH)2
was removed.
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Last dentin sampling for microbiological assessment

Dentin samples were collected following the same previous
procedures; third sample for the test group, and the second one for
the control group.

Before permanent restoration, final excavation was performed
using sharp excavators or low speed rotating round carbide burs.
The ozone gas was reapplied for 40 seconds and the cavity was
sealed with light activated glass ionomer lining cement. Then, the
cavity was permanently restored with one-step self-etching adhe-
sive and the light activated composite.

Microbiological Study
Sample Processing '®

a) Sample dilution: Dentin samples were vortexed for 15 seconds
with sterile glass beads. The samples were then serially
diluted in a sterile saline to obtain 1/10 dilution (107"). This
procedure was repeated until 10™ dilution was obtained.

b) Culture preparation and incubation: A 100ul, of each dilution,
was plated into the freshly prepared following media: (1)
Mitis Salivarius agar supplemented by sucrose, bacitracin
and potassium tellurite at a final concentration of 20% (W/V),
0.2 units/ml and 0.1% respectively, (2) Rogosa agar and (3)
Sabouraud Dextrose agar.

Each agar plate was divided into 4 sectors, and 100ul volumes
of appropriate dilutions were spread on each sector using an
automatic pipette. Inoculated Mitis Salivarius, Rogosa agar
and Wilkins-Chalgren agar plates were incubated at 37°C for
72 hours in an anaerobic jar. The anaerobic state was gener-
ated through the hydration of a single use anaerobic gas pack
in the presence of activated self-catalyst. Blood agar plates,
showing no growth, were further reincubated for up to 7 days.
On the other hand, Sabouraud Dextrose agar plates were incu-
bated aerobically at 37°C and examined after 48 hours.

¢) Isolation and enumerations: Following the predetermined incu-
bation period, the colony forming units (CFU) were calculated
on each type of media utilized. Colonies of different micro-
organisms were identified by their characteristic colonial and
microscopic morphologies in light microscopy (power of the
lens x 40). MS were identified on Mitis Salivarius agar plate
(Figure 1). Opaque colonies on Rogosa agar, that appeared
as Gram positive rod shaped organisms were considered to
be Lactobacilli (Figure 2). Candida appeared as opaque dome
shaped colonies on Sabouraud Dextrose agar, and microscop-
ically as Gram-positive large ovoid cells (Figure 3).

d) Colony count: The number of the colonies was determined,
and expressed as CFU. The CFU were estimated by multi-
plying the number of colonies by the reciprocal of dilution at
which the colony count was estimated, and the reciprocal of
the volume utilized for inoculation, expressed as a fraction
of one ml: 1ml

Count = No. of colonies x reciprocal of dilution 0lml X

In case of no bacterial growth on any media, the value was used
in subsequent analysis as zero. All bacterial counts were recorded in
the patient’s charts for statistical analysis.
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Figure 1. A- Mitis Salivarius plate showing serial decimal dilutions of a sample positive for MS. B- Mitis Salivarius agar
plate showing high colony count. C- MS colonies on Mitis Salivarius agar at a high magnification (x 400).

c

Figure 2. A- Rogosa agar plate inoculated with different dilutions of sample positive for Lactobacilli. B- Colonies of
Lactobacilli at high magnification (x 400).

A B

A B

Figure 3. A- Sabouraud Dextrose agar plate showing Candidal growth. B- Candida at a high magnification (x 400).
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Statistical Analysis

Comparison of nominal and ordinal variables between the two
groups was done using chi square, and Mann Whitney U test respec-
tively, while comparison of the quantitative variables was done
using t test, or Mann Whitney (after Kolmogrov Smirnov test proved
they were not normally distributed). Comparisons of subgroups and
changes across time in the same subgroup was done using Wilcoxon
signed ranks test (for ordinal variables or non-normally distributed
quantitative variables), or paired t test (for normally distributed
quantitative variables) "°.

RESULTS

All 80 (100%) teeth were available for the 6- and 12-month
evaluations.

Table 2 shows comparison of mean absolute MS count and log
values between dentin samples after first excavation with those of
the second dentin samples, immediately after ozone application and
at the final assessment after 6 and 12 months in the test group. The
mean absolute MS count and log values decreased directly after
ozone application and after 6 months. Statistically significant differ-
ences were found between the three dentin samples where P <0.001,

<0.0001 and 0.002 respectively. In addition, the mean absolute
MS count decreased directly after ozone application and after 12
months. There were statistically significant differences between the
three dentin samples, where P <0.01, <0.001 and 0.031 respectively.

Table 3 shows comparison of mean absolute Lactobacilli count
and log values between base line dentin samples, second ones
immediately after ozone application and at the final assessment
after 6 and 12 months in the test group. The mean absolute Lacto-
bacilli count and log values significantly decreased directly after
ozone application and in the final assessment after 6 months. The P
values between the three dentin samples were 0.01, 0.005 and 0.03
respectively. The values also decreased in the different evaluation
periods for 12 month-test cases. There were statistically significant
differences between the base line and second dentin samples (P =
0.02) and the base line and final ones (P = 0.03), while there was
no significant difference between the second and third ones after 12
months (P =0.14).

Table 4 shows comparison of mean absolute Candida count and
log values between base line dentin samples, second ones directly
after ozone application and at the final assessment after 6 and 12
months in the test group. For 6 month-cases, the mean absolute

Table 2. Comparison between mean MS values at different evaluation periods in the test group.

First Second Third
Test group dentin sa_mple dentin sample d?ntm sample WSR test; WSR test, WSR tests
(base line) (after ozone) (final sample) P value P value P value
Mean = SD Mean = SD Mean = SD
6 Absolute MS count  3.03+6.90 x 10* 4.68 + 11.9 x 10? 3.00 + 13.42 3.11 3.92 3.07
m-cases * * *
Log 3.58 + 1.06 1.35+1.27 0.09 + 0.40 <0.001 <0.0001 0.002
12 Absolute MS count  8.88+14.8x 10* 3.11+7.04x10° 2.25+7.34 x 102 265 3.11 2.91
m-cases * N *
Log 3.67 +1.63 1.80 £ 1.67 0.33+1.03 0.01 <0.001 0.031
WSR testi: between base line (after first step of caries excavation) and immediately after ozone application.
WSR test.: between base line and the final samples.
WSR tests: between immediately after ozone and the final samples.
* Statistically significant at P <0.05.
WSR test: Wilcoxon signed ranks test.
Table 3. Comparison between mean Lactobacilli values at different evaluation periods in the test group.
First dentin Second dentin Third dentin WSR WSR
sample sample sample WSR test:
Test group . . test: tests
(base line) (after ozone) (final sample) P value P value P value
Mean £ SD Mean = SD Mean = SD
Absolute
6 Lactobacilli 134.50 + 342.67 37.00 £ 111.93 1.00 £4.47 252 2.81 212
m-cases  count 0.01* 0.005* 0.03*
Log 1.02+1.12 0.54 £ 0.89 0.07 £ 0.30
Absolute
Lactobacilli 344.00 + 1145.23 12.50 £ 38.78 9.50 £ 29.64 237 2.20 1.49
12m-cases  gount 0.02* 0.03* 0.14 NS
Log 0.80 £ 1.21 0.35+0.68 0.20 £ 0.61

WSR testi: between base line (after first step of caries excavation) and immediately after ozone application.

WSR testz. between base line and the final samples.

WSR tests: between immediately after ozone and the final samples.
NS: Not statistically significant.

* Statistically significant at P <0.05.
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Candida count and log values decreased immediately after ozone
application, while the values dropped to zero in the final assess-
ment after 6 months. Statistically significant differences were found
between the base line and second dentin samples (P = 0.030) and
between the base line and final dentin samples (P = 0.036), whereas
there was no significant difference between the second and final
ones (P = 0.18). The values decreased immediately after ozone
application and after 12 months. Statistically significant differences
were found between the base line and second dentin samples (P
= 0.02), and between the base line and final dentin samples (P =
0.013), while there was no significant difference between the second
dentin samples and final ones after 12 months (P =0.31).

Table 5 shows comparison between the percent reduction of the
mean microorganism values after direct ozone application and at the
different evaluation periods among the test group. For 6 months-
cases, the mean percent reduction in the mean MS values between
the base line and directly after ozone application (percent change:)
was 65.50 + 30.91% for the test group. After 6 months, the percent
reduction (percent change,) was 97.16 + 12.69% for the test group.
The differences between the percent changes 1 and 2 in mean MS
values were statistically significant (P = 0.002). Regarding Lacto-
bacilli, the percent change: was 51.61 + 43.41% for test group.
After 6 months, the percent reduction was 91.13 + 28.04% for the
test group. The differences between the percent changes 1 and 2 in

Table 4. Comparison between mean Candida values at different evaluation periods in the test group.

Second dentin

Third dentin sample

First dentin sample X WSR WSR WSR
. sample (final sample)
Test group (base line) test test, tests
(after ozone) Mean £ SD
Mean = SD P value P value P value
Mean * SD
3 ﬁ‘gj:t'“te Candida 38.00 + 74.81 16.50 + 67.06 040 047 2.95 1.34
m-cases 0.030* 0.036* 0.18 NS
Log 0.67 £ 0.96 0.20 + 0.63 00
Absolute Candida
12mcases count 66.90 + 222.76 10.65 + 34.06 7.50 + 33.54 237 258 0.89
0.02* 0.013* 0.31NS
Log 0.64 £ 0.94 0.29 + 0.64 0.11£0.49

WSR testi: between base line (after first step of caries excavation) and immediately after ozone application.

WSR test.: between base line and the final samples.

WSR tests: between immediately after ozone and the final samples.
NS: Not statistically significant.

* Statistically significant at P <0.05.

Table 5. Comparison between the percent reduction of the mean microorganism values after direct ozone application and at the

different evaluation periods in the test group.

MS Lactobacilli Candida
% change Mean = SD Mean + SD Mean = SD
6m-cases

% change: 65.50 + 30.91 51.61 £ 43.41 74.21 £ 44.41
% change: 97.16 £ 12.69 91.13 £ 28.04 100.00£ 0
WSR test 3.06 3.42 2.60
P value 0.002* 0.001* 0.031*
12m-cases
% change1 56.52 + 36.70 60.31 + 28.31 61.95 +42.16
% change: 91.73+24.76 74.31 £47.14 100.00+ 0
WSR test 3.06 1.07 4.85
P value 0.002* 0.36 NS 0.016*

Percent changei: between values before and immediately after ozone application.

Percent change:z: between values immediately following ozone application and third dentin sample (final assessment).

NS: Not statistically significant.
* Statistically significant at P <0.05.

WSR test: Wilcoxon signed ranks test.
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mean Lactobacilli values were statistically significant (P = 0.001).
Concerning Candida, the percent change was 74.21 + 44.41% for
the test group. After 6 months the percent reduction was 100. The
differences between the percent changes 1 and 2 in mean Candida
values were statistically significant (P =0.031). For 12 month-cases,
the mean percent reduction in the mean MS values between the base
line and directly after ozone application (percent change;) was 56.52
+ 36.70% for the test group. After 12 months, the percent reduction
(percent change») was 91.73 + 24.76% for the test group. The differ-
ences between the percent change 1 and 2 in mean MS values were
statistically significant (P = 0.002). As regard the mean Lactobacilli
values, the percent change: was 60.31 + 28.31% for the test group.
After 12 months, the percent reduction was 74.31 + 47.14% for the
test group. The differences between the percent changes 1 and 2 in
mean Lactobacilli values were not statistically significant for the test
group (P = 0.36). Regarding the mean Candida values, the percent
changes: was 61.95 £+ 42.16 % for the test group. The mean percent
change was zero. After 12 months, the percent reduction was 100 for
the test group. The difference between the percent changes 1 and 2
in mean Candida values was statistically significant in the test group
(P=0.016).

Comparison between base line and final dentin
samples in the control group

Table 6 shows comparison of mean values of different microor-
ganisms between base line and final dentin samples in the control
group for the 6 and 12 month-cases. After 6 months, the mean
absolute MS count decreased. A statistically significant difference
was found between the base line and final dentin samples (P =
0.001) and the percent reduction was 96.40 + 15.70%. In the final
dentin samples, the mean absolute Lactobacilli count and log values
dropped to zero after 6 months. Statistically significant difference
was found between the base line and final dentin samples (P =
0.046), with a percent reduction of 100. The mean absolute Candida

count and log values were zero at base line and after 6 months with
no significant difference between the samples (P = 1.00) and no
percent change can be computed. Regarding the control group 12
month-cases, the mean absolute MS count decreased with statisti-
cally significant difference between the base line and final dentin
samples (P =0.0001), and the percent reduction of 95.25 + 13.88%.
After 12 months, the mean absolute Lactobacilli and Candida
counts decreased. There were no statistically significant differences
between the base line and final dentin samples (P = 0.41 and 0.58
respectively) with 100% reduction for both.

Comparison between test and control groups
regarding different types of microorganisms

Table 7 shows comparison of mean values of different microor-
ganisms between test and control groups at the final dentin assess-
ment. For 6 month-cases, when comparing between test and control
groups at the final dentin assessment, no significant differences were
found regarding the MS, Lactobacilli and Candida (P = 0.68, 0.32
and 1.00 respectively). Also, no significant differences were found
between test and control groups after 12 months in the MS, Lactoba-
cilli and Candida (P = 0.34, 0.18 and 0.32 respectively).

DISCUSSION

The operative tradition or the classical caries excavation is to
remove the softened dentin in order to eliminate infected tissue.
This approach assumes that both the biofilms and the microorgan-
isms within the carious dentin drive the caries process. In fact, it
is not possible to eliminate all the microorganisms because a few
will remain, even if all soft dentin is removed 2. Over the pulpal
surface, contemporary trends recommended that carious dentin that
is “firm and leathery’ should be left, where its removal might expose
the pulp ?'. For this reason, other new techniques such as the use of
ozone may help in elimination of infection in this firm dentin layer;
prevent pulp exposure and simplify the treatment plan.

Table 6. Comparison of mean values of different microorganisms between base line and final dentin samples in the control group.

MS Lactobacilli Candida
Count of micro First dentin Final dentin First dentin Final dentin First dentin Final dentin
organisms sample sample sample sample sample sample

6m-cases
Absolute count 7.59 +19.9 x 102 1.50 £6.71 6.00 + 16.03 00
Log 2.14+0.84 0.07 £ 0.33 0.24 +0.58 00 00 00
WSR test 3.83 2.03 0
P value 0.001* 0.046* 1.00 NS
% change -96.40 + 15.70 -100.00 £ 0 -
12m-cases
Absolute count 6.86 + 18.2x 102 11.50 +41.20 13.00 +43.30 4.50 £ 16.05 8.00 +23.75 5.00 + 22.36
Log 245+1.34 0.20 +0.62 0.27 £ 0.67 0.16 £ 0.50 0.25+0.61 0.10+0.45
WSR test 3.73 0.84 0.55
P value 0.0001* 0.41 NS 0.58 NS
% change -95.25 + 13.88 -100.00 £ 0 -100.00 £ 0

NS: Not statistically significant.
* Statistically significant at P <0.05.

WSR test: Wilcoxon signed ranks test.
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Table 7. Comparison of mean values of different microorganisms between test and control groups at the final dentin assessment.

MS Lactobacilli Candida
micri?)l:;;::sms Test Control Test Control Test Control

6m-cases
Absolute count 3.00+13.42 1.50 £ 6.71 1.00 £ 4.47 00
Log 0.09+0.40 0.07 £ 0.33 0.07 £0.30 00 00 00
WSR test 0.17 1.00 0
P value 0.68 NS 0.32 NS 1.00 NS
12m-cases
Absolute count 2.25+7.34 x 102 11.50 £ 41.20 9.50 + 29.64 450+16.05 7.50+33.54 5.00+22.36
Log 0.33+1.03 0.20 £ 0.62 0.20 £ 0.61 0.16 £ 0.50 11+0.49 0.10+0.45
WSR test 0.84 1.34 1.00
P value 0.34 NS 0.18 NS 0.32 NS

NS: Not statistically significant.

WSR test: Wilcoxon signed ranks test.

For all patients in this study, deep dentinal lesions were diag-
nosed initially by visual examination using score 4 CSI according to
Ekstrand et al 3. They found that, when the carious lesion appeared
clinically as cavitations in opaque or discolored enamel with
exposing dentin beneath, the histological picture was demineraliza-
tion and heavily infected dentin, up to its inner third layer. Visual
examination was used as it is non-invasive and clinically accept-
able. It also preserves the surface structure of the tooth comparing
to tactile examination, which may transfer microorganisms from
one site to another, with possibility of further spread of the disease
22, However, a visual diagnosis alone has low sensitivity (ability to
correctly identify decayed surfaces) for detection of carious lesions,
even though the specificity (ability to correctly identify sound
surfaces) is high %. For this reason, the DIAGNOdent was selected
as an adjunctive diagnostic method to the visual examination, to
combine the high specificity of visual examination with the high
sensitivity of DIAGNOdent .

The concept of this study in using the stepwise excavation in
young first permanent molars was based on the results of several
previous studies '"*. They found that, stepwise technique reduces
the risk of pulp exposure, controls caries progression and promotes
dentin-pulp complex reaction. According to Bjorndal e al !, the
first important step in declaration of lesion progression was the
initial removal of the cariogenic microbial biomasses in the cavity,
together with infected superficial necrotic dentin.

The ability to treat a carious lesion without the need of ampu-
tation of the diseased tissue would be one of the greatest achieve-
ments in the history of dentistry. Ozone therapy has the potential to
move toward this goal. The ozone’s oxidative reaction can destroy
bacteria by oxidizing bacterial cell walls and membranes. This has
a disruptive effect on the bacterial population in the carious lesion,
which may result in swinging the equilibrium in favor of reminer-
alization 2?7,

Split-mouth design was used, so that patient served as their own
control. In the control group, Ca(OH). was used as a gold standard
capping material of indirect pulp treatment 2. Stepwise excavation
technique using Ca(OH): has proved to be a suitable and safe method
in management of deep dentinal lesions without pulpal symptoms ',

18 doi 10.17796/1053-4628-42.1.3

Correlation between ozone and dentin microbiolog-
ical count
Immediate effect of ozone on dentin microflora counts

In the present study, the direct effect of ozone was evaluated
after initial removal of the cariogenic biomass, together with the
superficial layer of infected carious dentin. For the test group, the
absolute and log values of MS, Lactobacilli and Candida reduced
significantly after the direct application of ozone for 40 seconds.
This significant reduction in bacterial count could have resulted
from cellular damage by ozone gas. The effect of ozone could be
attributed to simultaneous processes such as inhibition of intracel-
lular enzymes, glutathione depletion, and membrane damage occur-
ring either by direct reaction between target molecules and ozone, or
via oxidizing intermediates *.

On the other hand, no significant differences were observed in
the mean log value of Lactobacilli between base line and directly
after ozone application of the 12-month cases. The results might
be attributed to the low level of microorganisms initially reported
before ozone application.

The results of the present study are in agreement with that of
Polydorou et al*°, who showed a significant reduction in the dentinal
count of MS and viability of bacteria, following 40 seconds ozone
gas application in-vitro with a HealOzone device.

The percent reduction in microorganisms, in the present study,
differed from one type to another. The reduction of MS, Lactoba-
cilli and Candida were 65.50 + 30.91%, 51 + 43.41% and 74.21
+ 44.41% respectively. These approach the reduction reported by
Dukic and Juric 3! who found 71.5% reduction of MS count and
61.4% in Lactobacilli, in samples of deep carious dentin after ozone
treatment ex-vivo.

The present study is in agreement with Baysan and Beighton 2.
The results of their study showed significant reduction in the total
bacterial counts, after exposure to 40 seconds ozone.

However, the results of the present study were at variance with
the study done in primary molars by Hauser-Gerspach et al *.
They found that 30 seconds gaseous ozone application to cavitated
occlusal lesions failed to significantly reduce the number of bacteria
in-vivo. In Hauser-Gerspach et al study ¥, the base line samples
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were taken from the mesial part of the lesions using a new sterile
dental excavator, while the second samples were taken from the
distal part of the lesion. They contributed the results to failure of
ozone gas to access the bacteria in the tissue. Ozone diffusion within
the tissue might be hampered because of strong interactions of the
gas, with organic materials in the superficial layers. The possible
reasons for the discrepancies between this study and the present one
could be related to the different sampling techniques, sizes of the
lesions, type of treated teeth, and the time of ozone application on
the carious lesion.

Effect of ozone on microorganisms after 6 months

Tooth was reentered, and another dentin sample was taken
for microbial evaluation after 6 months, followed by removal of
residual carious dentin. Some types of microorganisms yielded low
microbial count, and other became totally sterile.

For the test group, the absolute and log values of MS, Lactoba-
cilli and Candida reduced significantly after 6 months. Moreover,
the culture of Candida became sterile with complete reduction.

The high percent reduction in microorganisms in the ozone group
after 6 months could be attributed to the oxidative effect of ozone. It
has been suggested that delivering ozone into a carious lesion might
reduce the number of cariogenic bacteria *. In addition, the newly
erupted teeth are more permeable and less mineralized 3 allowing
rapid diffusion of ozone into the deep layer of carious dentin.

In the present study, the significant reduction in the different
microorganisms mean values after 6 months might also be contrib-
uted to different factors such as the stepwise excavation technique
which promoted the reduction in microbial count 3¢, besides the
possible antibacterial effect of the bonding agent 37 and the cavity
seal provided by the adhesive restoration 3,

Recently, Polydorou et al * showed that HealOzone was
more effective against MS than Lactobacillus cases, 4 to 8 weeks
after treatment, using a tooth cavity model. However, the authors
suggested that the addition of other antibacterial methods to ozone,
after caries removal, might be more efficient to eliminate the
remaining bacteria under a restoration.

Effect of ozone on microorganisms after 12 months

When the test group of the 12 month-cases were reentered,
the absolute and log values of MS reduced significantly. Also, the
mean Lactobacilli and Candida values showed significant reduc-
tion in the test group. The reduction in microorganisms counts at
the final assessment period after 12 months would be an indicator
to success of the clinical procedure, and the antibacterial effect of
ozone. It could be also related to the stepwise technique applied
in this study. The sealing ability of adhesive restoration 34 could
also be responsible in the deceleration of the lesion progression
reported in this study.

Regarding the long-term effect of ozone on different microor-
ganisms, in comparison with other studies was not possible, because
the data was not available in the literature. Most of the published
articles have been related to the direct antimicrobial effect of ozone.
The only available study was that conducted by Polydorou et al %,
who evaluated the effect of ozone on the bacterial count for a period
of 8 weeks.
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Effect of Ca(OH): on microorganisms

The control cases were re-opened after 6 and 12 months. The
absolute and log values of MS reduced significantly, with high
percent reduction. Whereas with Lactobacilli, the significant reduc-
tion was only observed after 6 months, with 100% reduction in the
mean Lactobacilli value. The results of the present study are in line
with other studies which showed that Ca(OH), were effective in
promoting reparative dentin formation, as well as having the ability
to sterilize the remaining carious lesion 2, Tt is noted that bacteria
like streptococci can grow only in a pH between 3 and 8, whereas,
the pH under a Ca(OH), liner is above 10. This high pH value of
Ca(OH): has a bactericidal effect on remaining microorganisms
4, This assumption was also supported by Bjorndal et al "' when
they examined the effect of Ca(OH). on the residual dentin, after
an interval of 6 to 12 months. They evaluated the microbiological
status of the residual carious dentin, and found a decrease in the total
microorganisms count, in spite of its a high solubility, and poor seal.

In the present study, the significant reduction of the MS could
also be due to the added effect of the sealing ability of the bonding
agent that was applied over the Ca(OH). base. The self-etching
adhesive interacted with dentin substrate in the wall, and floor of
the cavity uncovered with Ca(OH).. This interaction might have
produced crystal plugs in the dentinal tubules, which in turn might
reduce dentin permeability, and decrease the bacterial count 44,

When comparing the mean microorganisms count between
test and control groups at different evaluation periods, no signifi-
cant differences in the absolute and log values were observed. The
results in the present study pointed that the application of ozone, or
Ca(OH): have comparable effect on affected dentin in deep cavities.

The null hypothesis was rejected, since there were significant
changes in cultivable microflora before and after using ozone gas
on dentinal lesions in young permanent molars using the stepwise
excavation.

This study has some limitations that should be considered.
First, patient compliance was difficult to achieve. That’s why chil-
dren were recruited from different junior schools in Alexandria in
addition to those attending the clinic of the Pediatric Dentistry and
Dental Public Health Department, Faculty of Dentistry, Alexandria
University. Another limitation of this study was the lack of funding
of the research project.

CONCLUSIONS

Ozone gas application for 40 seconds via the HealOzone device
had a significant antimicrobial effect especially against MS, in deep
class I carious lesions.

doi 10.17796/1053-4628-42.1.3 19

220z 8unr Gz uo Jasn |eydsoH g 868|100 [eluaq yeadeApip nereyg Aq Jpd €™ L 2y-8297-€501/LZSLSLL/L L/L/ZY/spd-aoie/pdof/woo-ssaidus|ie: uelplaw;/:dpy wol pspeojumoq



Microbiological Evaluation of Ozone on Dentinal Lesions

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Featherstone JD. The continuum of dental caries-evidence for a dynamic
disease process. J Dent Res, 83: C39-42, 2004.

Struzycka I. The oral microbiome in dental caries. Pol J Microbiol, 63:
127-35, 2014.

Margherita F, Domenick T. Assessing patients. Caries risk. J Am Dent
Assoc, 137: 1231-9, 2006.

American Academy of Pediatric Dentistry. Guideline on pulp therapy for
primary and immature permanent teeth. Ped Dent, 37: 244-52, 2015.
Grootveld M, Baysan A, Sidiiqui N, Sim J, Silwood C, Lynch E. History
of the clinical applications of Ozone. In: Lynch E. Editor. Ozone: The
revolution in dentistry. London: Quintessence Publishing Co; 24, 2004.
Azarpazhooh A, Limeback H. The application of ozone in dentistry: a
systematic review of literature. J Dent, 36: 104-16, 2008.

Almaz ME, Sénmez IS. Ozone therapy in the management and preven-
tion of caries. J Formos Med Assoc, 114: 3-11, 2015.

Abu-Naba’a L, Al Shorman H, Holmes J, Petersson LG, Tagami J, Lynch
E. Evidence-based research into ozone treatment in dentistry: An over-
view. In: Lynch E. Editor. Ozone: The revolution in dentistry. London:
Quintessence Publishing Co; 96-102, 2004.

Farges JC, Alliot-Licht B, Renard E, Ducret M, Gaudin A, Smith AJ,
Cooper PR. Dental pulp defence and repair mechanisms in dental caries.
Mediators Inflamm, 2015: 230251. doi: 10.1155/2015/230251, 2015.
Gruythuysen RJ. Endodontic treatment of primary teeth. Pulp exposure
and pulp necrosis. Ned Tijdsche Tandheelkd, 112: 441-6, 2005.

Bjorndal L, Larsen T, Thylstrup A. A clinical and microbiological study
of deep carious lesions during stepwise excavation using long treatment
intervals. Caries Res, 31: 411-17, 1997.

KaVo DIAGNOdent 2095. Clinical guidelines and operating instructions
device. 2001.

Ekstrand KR, Ricketts DN, Kidd EA, Qvist V, Schou S. Detection, diag-
nosing, monitoring and logical treatment of occlusal caries in relation
to lesion activity and severity. An in vivo examination with histological
validation. Caries Res, 32: 247-54, 1998.

Lussi A, Imwinkelried S, Pitts NB, Longbottom C, Reich E. Performance
and reproducibility of a laser fluorescence system for detection of occlusal
caries in vitro. Caries Res, 33: 261-66, 1999.

Kidd EA, Joyston-Bechal S, Beighton D. Microbiological validation of
assessment of caries activity during cavity preparation. Caries Res, 27:
402-8, 1993.

Lager A, Thornqvist E, Ericson T. Cultivatable bacteria in dentin after
caries excavation using rose-bur or Carisolv. Caries Res, 37: 206-11,
2003.

Holmes J, Lynch E. Equipment available to deliver ozone in dentistry.
In: Lynch E. editor. Ozone: The revolution in dentistry. London: Quintes-
sence Publishing Co; 57-65, 2004.

Marchant S, Brailsford SR, Twomey AC, Roberts GJ, Beighton D.
The predominant microflora of nursing caries lesions. Caries Res, 35:
397-406, 2001.

Moore DS, McCabe GP, Craig BA. Introduction to the practice of Statis-
tics. 8th ed. New York: WH Freeman Company; 2014.

Lager A, Thornqvist E, Ericson T. Cultivatable bacteria in dentin after
caries excavation using rose-bur or Carisolv. Caries Res, 37: 206-11,
2003.

Hilton T, Summitt JB. Pulpal Considerations. In: Summitt JB, Robbins
JW, Schwartz RS. Editors. Fundamentals of Operative Dentistry. 3rd ed.
London: Quintessence publishing Co; 103, 2000.

Dodds MW. Dental caries diagnosis toward the 21st century. Nat Med,
2:283, 1996.

Cortes DF, Ekstrand KR, Elias-Boneta AR, Ellwood RP. An in vitro
comparison of the ability of fiber-optic transillumination, visual inspec-
tion and radiograph to detect occlusal caries and evaluate lesion depth.
Caries Res, 34: 443-7, 2000.

20 doi 10.17796/1053-4628-42.1.3

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

The Journal of Clinical Pediatric Dentistry

Lussi A, Megert B, Longbottom C, Reich E, Francescut P. Clinical
performance of a laser fluorescence device for detection of occlusal caries
lesions. Eur J Oral Sci, 109: 14-9, 2001.

Bjerndal L. Indirect pulp therapy and stepwise excavation. Pediatr Dent,
30: 225-9, 2008.

Smith C, Lynch F, Baysan A, Silwood CJ, Mills B, Grootveld M. Oxida-
tive consumption of root caries biomolecules by a novel antibacterial
ozone delivery system. J Dent Res, 80: 1178 (abstract), 2001.

Lynch E, Silwood CJ, Grootveld M. Oxidizing actions of an antibacterial
ozone-generating device towards root caries biomolecules. J Dent Res,
81: 138 (abstract), 2002.

Dominguez MS, Witherspoon DE, Gutmann JL, Opperman LA. Histo-
logical and scanning electron microscopy assessment of various vital
pulp-therapy materials. J Endod, 29: 324-33, 2003.

Yamayoshi T and Tatsumi N. Microbicidal effect of ozone solution on
methicillin-resistant staphylococcus aureus. Drugs Exp Clin Res, 19:
59-64, 1993.

Polydorou O, Pelz K, Hahn P. Antibacterial effect of an ozone device and
its comparison with two dentin-bonding systems. Eur J Oral Sci, 114:
349-53, 2006.

Dukic W, Juric H. The Influence of Ozone on Cariogenic Bacteria in Deep
Carious Lesions ex-vivo. Caries Res, 42: 197, (abstract), 2008.

Baysan A, Beighton D. Assessment of the ozone-mediated killing of
bacteria in infected dentin associated with non-cavitated occlusal carious
lesions. Caries Res, 41: 337-41, 2007.

Hauser-Gerspach I, Pfaffli-Savtchenko V, Déhnhardt JE, Meyer J, Lussi
A. Comparison of the immediate effects of gaseous ozone and chlorhex-
idine gel on bacteria in cavitated carious lesions in children in vivo. Clin
Oral Investig, 13: 287-91, 2009.

Baysan A, Whiley RA, Lynch E. Antimicrobial effect of a novel
ozone-generating device on microorganisms associated with primary root
carious lesions in vitro. Caries Res, 34: 498-501, 2000.

Kim S, Trowbridge HO. Pulpal reaction to caries and dental procedures.
In: Cohen S, Burns RC, Rudolph P, editors, Pathways of the pulp. 7" ed.
Missouri: Mosby Inc; 532-4, 1998.

Bjerndal L, Larsen T: Change in the cultivable flora in deep carious
lesions following a stepwise excavation procedure. Caries Res, 34: 502-7,
2000.

Feuerstein O, Matalon S, Slutzky H, Weiss EI. Antibacterial prop-
erties of self-etching dental adhesive systems. J] Am Dent Assoc, 138:
349-54,2007.

Ribeiro CC, Baraticri LN, Perdigao J, Baraticri NMM, Ritter AV. A
clinical, radiographic, and scaning electron microscope evaluation of
adhesive restorations on carious dentin in primary teeth. Quintessence
Int, 30: 591-9, 1999.

Polydorou O, Halili A, Wittmer A, Pelz K, Hahn P. The antibacte-
rial effect of gas ozone after 2 months of in vitro evaluation. Clin Oral
Investig, 16: 545-50, 2012.

Kirk PC, Fitchie JG, Phillips SM, Puckett AD. Microleakage evalua-
tion of four self-etching adhesive systems. Gen Dent, 58: 104-9, 2010.
Leksell E, Ridell K, Cvek M, Mejare 1. Pulp exposure after stepwise
versus direct complete excavation of deep carious lesions in young poste-
rior permanent teeth. Endod Dent Traumatol, 12: 192-6, 1996.

Sawusch RH. Direct and indirect pulp capping two new products. J] Am
Dent Assoc, 104: 459-62, 1982.

Maltz M, Oliveira EF, Fontanella V, Carminatti G. Deep Caries Lesions
after Incomplete Dentin Caries Removal: 40-Month Follow-Up. Caries
Res, 41: 493-6, 2007.

Van Meerbeek B, De Munck J, Yoshida Y, Inoue S, Vargas M, Vijay P, Van
Landuyt K, Lambrechts P, Vanherle G. Adhesion to enamel and dentin:
currents status and future challenges. Oper Dent, 28: 215-35, 2003.
Duque C, Hebling J, Smith AJ, Giro EM, Oliveira MF, de Souza Costa
CA. Reactionary dentinogenesis after applying restorative materials and
bioactive dentin matrix molecules as liners in deep cavities prepared in
non-human primate teeth. J Oral Rehabil, 33: 452-61, 2006.

Volume 42, Number 1/2018

220z 8unr Gz uo Jasn |eydsoH g 868|100 [eluaq yeadeApip nereyg Aq Jpd €™ L 2y-8297-€501/LZSLSLL/L L/L/ZY/spd-aoie/pdof/woo-ssaidus|ie: uelplaw;/:dpy wol pspeojumoq



