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Abstract
Objective: To evaluate in vitro, the effect of ozone gas followed by remineralizing materials on non-cavitated caries-like lesions in
permanent teeth. Material and Methods: Sixty extracted sound premolars with standardized window on buccal and lingual surfaces
were immersed in demineralizing solution. Each tooth was sectioned into two halves. The specimens were randomly divided into
three equal groups (I, II, and III) (n=40), each group was subdivided into two subgroups (n=20), experimental [I(a), II(a), and III(a)]
and control [I(b), II(b), and III(b)]. Subgroup I(a) was treated with ozone followed by fluoridated toothpaste, subgroup II(a) was
treated with ozone followed by HealOzone remineralizing solution and oral hygiene patient kit, and subgroup III(a) was treated with
ozone followed by fluoride varnish and fluoridated toothpaste. Their controls left untreated. After 4 weeks the specimens were
evaluated using Scanning Electron Microscopy with Energy Dispersive X-ray Analysis (SEM-EDX) for identifying the elemental
composition of the specimen. Results: There was significant increase in the mean Ca/P in the 3 test subgroups when comparing with
their controls (P˂0.05). The mean Zn values were significantly increased in subgroup II (a) (P˂0.05) at confidence interval 95%.
Conclusions: Ozone application followed by different remineralizing materials had the same effect on calcium uptake, although
HealOzone remineralizing solution and patient kit had better effect on remineralization due to the presence of zinc.
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Introduction
Caries is a chronic, slowly progressive disease; its symptoms
are not detected at the onset but generally much later. The
initiation of dental caries is associated with demineralization,
which is calcium and phosphate loss of subsurface tooth
enamel, which is clinically manifested as a white spot lesion
[1].

Demineralization and remineralization are dynamic
processes, characterized by the flow of calcium and phosphate
in and out of tooth enamel, which should be balanced in order
to prevent the progression of dental caries [2].

The noninvasive intervention of non-cavitated carious
lesions, by applying therapeutic agents for tissue healing is
used, over the last 25 years; the decline in dental caries
experienced can be attributed largely to the widespread use of
fluoride. Fluoride affects the caries process by enabling the
formation of high quality fluorapatite that aids
remineralization and inhibits glycolysis of plaque
microorganisms [3]. Fluoride varnish was originally
developed to prolong the contact time between fluoride and
the tooth surfaces, varnishes provide high concentration of
fluoride, it is generally acceptable to patients, and does not
require special preparation of the teeth or expensive
equipment [4].

Ozone has been introduced to medicine in 1950 as a
modern development application for treatment of wounds and
other infections due to its anti-microbial efficiency. Ozone is a
harmless, non-toxic, and environmentally safe material [5].

Regarding the antimicrobial effect, ozone blocks the
enzymatic control system of the cell and increase membrane
permeability, the key element of cell viability, leading to
immediate functional cessation, then ozone molecules can

readily enter the cell and cause the microorganism to die. This
action is non-specific and selective to microbial cells [6].

In dental surgery, the ozone may be applied as a gas or
dissolved in water to promote homeostasis, enhance local
oxygen supply by improving the blood supply, and inhibit
bacterial proliferation. By the same way, the ozone gas was
used in treatment of infections such as herps, or aphthous
ulcers. It shortened the clinical course of the illness and
accelerated the healing process [7].

In addition to the antimicrobial effect of ozone, the
oxidation of pyruvic acid in saliva by ozone to acetic acid,
suppresses the development and progression of primary caries
lesions [8], and enable calcium and phosphate ions to diffuse
through the lesions, which result in remineralization of the
lesion following ozone application [9]. Also ozone can
oxidize fluoride into fluorine which is more active and more
easily transported into enamel crystals raising its fluoride
content [10].

Recent 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 [11]. Healozone application
on non cavitated carious lesion is recommended to be
followed by Healozone remineralizing solution, and
instruction given to the patient to use oral hygiene patient kit,
which consists of toothpaste, oral rinse, and oral spray all
containing ingredients required to allow effective
remineralization, which are fluoride calcium, phosphorous,
xylitol and zinc, to promote caries reversal and tooth
remineralization [12].

Zn has the potential to enhance fluoride-induced
remineralization in early caries lesion. Exposure to fluoride
may arrest lesions but that the subsurface region will likely
remain hypomineralized, as highly mineralized surface zone
acts as a barrier to diffusion of ions into the subsurface lesion.
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The possibility of substitutions among the elements Ca- Zn
[13], delay the complete mineralization of the surface zone,
allow more subsurface remineralization lesion [14].

Studies have been reported successful results on managing
pits and fissure caries, as well as deep carious lesions with
ozone gas [15,16]. Further studies are needed to examine the
effectiveness of ozone on early smooth surface carious
lesions.

Therefore, this study investigated the efficacy of ozone gas
application followed by different remineralizing products on
smooth enamel caries like lesions in permanent teeth.

Materials and Methods
This article was extracted from master thesis, the study was an
experimental study, in-vitro design and it was approved from
the Research Ethical Committee, Faculty of Dentistry,
Alexandria University.

Sample selection

Sixty sound premolars extracted for orthodontic reasons were
collected from the out-patient clinics of the Alexandria
University hospitals as well as the Ministry of Health
hospitals. The selected teeth had no or slight change in enamel
translucency after prolonged air drying (5 seconds), that
scores 0 according to ICDAS-II [17], and diagnosed with
DIAGNOdent (DIAGNOdent KaVo CO, Biberach/Riss,
GmbH, D-88400 Germany) showing a reading less than 10
indicating sound enamel [18].

Preparation of early artificial caries lesions

Teeth were thoroughly cleaned from periodontal tissues and
extrinsic deposits with hand scalar and fluoride free pumice
and kept in saline solution. The smooth surfaces of the 60
teeth were coated with a nail varnish leaving a 4 × 4 mm
window on the buccal and lingual surface of each tooth [19].
The teeth were immersed in demineralizing solution with pH
4.4 (2.2 mM Potassium dihydrogen phosphate KH2Po4, 50
mM Acetic acid, 2.2 mM Calcium chloride (CaCl2) [20] for
72 hours at room temperature, to create an early enamel
lesion. After demineralization, the teeth were washed with
deionized water and dried [19].

Enamel specimen preparation

The crowns were cut from the roots. The crown samples were
further sectioned into two halves in mesio-distal direction
along the central fossa; one half was treated and the other was
left without treatment, each half was considered as a
specimen.

Treatment and pH cycling

According to the treatment used, the specimens were
randomly divided into three groups (I, II and III) (n=40), each
group was subdivided into two subgroups (n=20):
Experimental (Ia, IIa, and IIIa) and Control (Ib, IIb, and IIIb).
Subgroup Ia; was treated with ozone gas application using
The HealOzone device (HealOzone KaVo Co, GmbH,
D-88400 biberach/Riss-Germany Germany ) for 60 seconds,
with appropriate size of sealed cup [21], followed by daily

brushing with fluoridated tooth paste (Unilever Mashraq-
Personal Care (S.A.E) 6TH October City, 4th Industrial Zone)
for 4 weeks. Subgroup IIa; was treated with ozone gas
application for 60 seconds, using appropriate size of sealed
cup, followed by HealOzone remineralizing solution for 60
seconds and daily use of HealOzone patient kit: tooth paste
and spray (CurazoneInc Usa, Imc) for 4 weeks [19]. Subgroup
IIIa; was treated with ozone gas for 60 seconds, using
appropriate size of sealed cup [19], followed by painting with
a thin layer of 5% sodium fluoride varnish (Durashield, Sultan
Healthcare, Hackensack, NJ 07601) [22], and daily brushing
with fluoridated tooth paste (Unilever Mashraq-Personal Care
(S.A.E) 6TH October City, 4th Industrial Zone). The
specimens of all control subgroups were not treated. All
procedures were done according to manufacturer instructions.
During treatment all the specimens will be kept in artificial
saliva with pH 7 (20 mM Sodium bicarbonate NaHCO3, 20
mM Sodium bicarbonate NaHCO3, 3 mM Sodium dihydrogen
phosphate NaH2Po4, 1 mM Calcium chloride (CaCl2) [20].

The remineralizing and demineralizing solutions were
freshly provided in biochemical laboratory, Faculty of
Pharmacy, Alexandria University.

SEM examination (Appendix I)

After 4 weeks, the nail varnish was removed carefully from
each specimen [23]. The specimens were evaluated by
Scanning Electron Microscopy with Energy Dispersive X-ray
Analysis (SEM-EDX) (FEL,Philips Elctron Optics and
Micrion, USA.), a device used for identifying the elemental
composition of the specimen by measuring re-emitted
characteristics x-ray from elements [24]. The X-rays were
analyzed to provide information on the elemental distribution
(Ca, P and Zn) in the surface. The specimens were disposed
into medical waste containers.

Statistical analysis

After data were collected, it ware revised, coded and fed to
statistical software IBM SPSS version 20 (SPSS Inc. Chicago,
IL, USA.) [25] Non parametric tests were applied, and
descriptive statistics were displayed as means and standard
deviations for quantitative variables (Ca/P, Zn in weight
percentage). Comparisons between each test and control
subgroup were done using Wilcoxon matched pairs signed
ranks test. Comparison between the three groups was done
using Kruskal-Wallis H test, followed by post Hoc test to
compare between each 2 subgroups. The 5% was chosen as
the cut off level of significance.

Results
Results show the change in enamel mineral content (calcium,
phosphate and zinc) using SEM-EDX analysis.

In the comparison of mean Ca/P ratio between different test
and control subgroups of the three groups there was
significant difference (P=0.001) favor the three test subgroups
(Table 1). There was no statistical significant difference
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between the three test subgroups regarding Ca/P ratio (Table
1).

Table 1. Comparison of mean CA/P ratio in all groups between test
and control subgroups.

Ca/P ratio
Test subgroups Control subgroups P

valueMean ± S.D Mean ± S.D

Group I 3.73 ± 0.37 1.32 ± 0.10 0.001*

Group II 3.61 ± 0.09 1.32 ± 0.10 0.001*

Group III 3.84 ± 0.27 1.33 ± 0.10 0.001*

*Statistically significant at P ≤ 0.05

According to the comparison between different test
subgroups [I(a), II(a) and III(a)] regarding Ca/P ratio. There
was no statistical significant difference between different test
subgroups for different groups regarding Ca/P ratio (P>0.05).

In the comparison of mean Zn weight % between different
test and control subgroups of the 2 groups (I and III) there was
significant difference (P=0.001) favor the control subgroups
but for group II there was significant increase in test subgroup
(P=0.0001) (Table 2). This is means that Zn increased only in
the test subgroup II which used ozone gas followed by
remineralizing solution and patient kit (Table 2).

Table 2. Comparison of mean Zn weight % in all groups between test
and control subgroups.

Zn weight %
Test subgroups Control subgroups

P value
Mean ± S.D Mean ± S.D

Group I 0.31 ± 0.14 2.40 ± 0.17 0.0001*

Group II 9.70 ± 0.58 2.39 ± 0.15 0.0001*

Group III 0.25 ± 0.05 2.37 ± 0.17 0.001*

*: Statistically significant at P ≤ 0.05

There was significant difference between different test
subgroups [I(a), II(a) and III (a)] regarding mean Zn weight%
(P=001). And also there was significant difference between
subgroup II(a) and both test subgroups I(a) and III(a)
(P=0.0001), there was no statistical significant difference
between test subgroup I(a) and test subgroup III(a) (P˂0.05).

Discussion

Prevention has become the cornerstone of dentistry. Since the
caries process is an ever-present and natural phenomenon, but
it can be controlled to the extent that a clinically visible caries
lesion never develops. Ozone Therapy coupled with fluoride
shows the potential to move toward this goal [10].

Quantitative data obtained from the SEM-EDX
demonstrated that there was a significant increase in the mean
Ca/P ratio from 1.32 in subgroup I (b) to 3.73 in subgroup
I(a), indicating lesion remineralization in the specimens of
subgroup I (a) which treated with ozone followed by
fluoridated tooth paste. This present results are consistent with
the suggested remineralizing mechanism of ozone which is
based on the ability to decarboxylate acids leading to higher

pH level and mineralization of carious lesions [9] and enhance
the remineralizing potential of remineralizing material on
artificially demineralized enamel which investigated by
Snnivasan et al. [26].

In subgroup II(a) the treated specimens with ozone
followed by HealOzone remineralizing solution and patient kit
showed significant increase in the mean Ca/P ratio in
comparison with untreated specimens of subgroup II(b).
These findings can be attributed to the capability of ozone in
protecting the enamel against demineralization or promoting
remineralization when combined with the HealOzone
remineralizing solution and Patient Kit, as demonstrated by
Tahmassebi et al. [27].

When the specimens treated with ozone followed by
fluoride varnish and fluoridated toothpaste, in subgroup III(a),
there was a significant increase in the mean Ca/P ratio from
1.33 in subgroup III(b) to 3.84 in subgroup III(a).These
current results are in agreement with those of El-Sayed et al.
[10], who used the ozone followed by topical fluoride
application. They found that ozone induced significant
increase in fluoride uptake. In addition, the scanning electron
microscope revealed calcium fluoride deposits on enamel
surface.

When comparing the three subgroups I(a), II(a) and III(a),
there were no significant differences regarding Ca/P ratio.
However, the lowest mean value (3.61) was related to group II
which was treated by ozone followed HealOzone
remineralizing solution and patient kit. This result may be due
to the presence of Zn in the content of HealOzone
remineralizing solution and patient kit, and with the
possibility of substitution among the Ca-Zn elements in the
dental enamel [28] lead to decrease in Ca content on the
enamel surface and subsequently decrease in Ca/P ratio. Zn
maintains little surface-zone porosity for longer time,
facilitating diffusion of ions into the lesion, enhance
remineralization in subsurface lesion as concluded by Lynch
et al. [14].

For the specimens of subgroups I(a) which treated with
ozone followed by fluoridated toothpaste, and subgroup III(a)
which treated with ozone followed by fluoride varnish and
fluoridated toothpaste, the mean Zn value significantly
decreased to be less than their controls. This may be due to
hyper-mineralization of the surface of the lesions following
the use of fluoridated materials as explained by Matsuyama et
al. [13]. With complete remineralization of enamel surface, Zn
replaced by Ca, and this would prevent further
remineralization occurring through the lesion depth.

However, specimens treaded with ozone followed by
HealOzone remineralizing solution and patient kit, in
subgroup II(a), there was a significant increase in the mean Zn
value from 2.39 in subgroup II (b) to 9.70 in subgroup II(a).
Also, when comparing the 3 subgroups I(a), II(a) and III(a),
there was statistical significant difference in the mean Zn
content with a trend favoring subgroup II(a) Lynch et al. [14]
discovered that Zn maintains greater surface-zone porosity,
facilitating diffusion of Ca, P and F into the lesion; allow
more subsurface remineralization to take place. And
according to the manufacture, Zn is one of the component of
HealOzone remineralizing solution and patient kit [12],
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consequently in the present study enamel surface showed
greater mean Zn value in subgroup II(a), in comparison to
subgroup II(b) and the other two test subgroups I(a) and III(a).

Although, this study methodology tried to simulate the oral
condition as closely as possible, saliva, plaque and many other
confounding factors may affect the action of remineralizing
agents used. Thus further studies employing clinical trials are
important.

Within the limitation of the present study, it can be
recognized that, the results of the current investigation
together with the aforementioned literature showed that the
use of ozone followed by remineralizing material can actually
remineralize subsurface enamel lesions in permanent teeth,
and it is believed that this would be effective in preventive
dentistry.

Conclusion
From the results of the present study, it was concluded that:

• Ozone application with fluoridated toothpaste, fluoride
varnish, and HealOzone remineralizing solution and
patient kit have the same effect on calcium uptake in
enamel caries-like lesion of permanent teeth.

• Ozone gas followed by HealOzone remineralizing solution
and patient kit has better effect on remineralization of
subsurface lesion due to the presence of zinc.
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