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Abstract:

Introduction: A new method for reducing dentin hypersensitivity is ozone therapy. This study aimed to evaluate the

efficacy of ozone therapy combined with a desensitizing agent in reducing dentin hypersensitivity.

Methods: Sixty samples of dentin sections were distributed randomly into 3 groups as group 1 (control group) with
20 samples, group 2 (Gluma group) with 20 samples. The discs were coated with Gluma. Moreover, for group 3
(Gluma+03) with 20 samples, the samples were treated with ozone therapy followed by treatment with Gluma.
Scanning Electron Microscopic (SEM) views of the dentin specimens were acquired, and the average tubule occlusion

amount was recorded in each case employing a suitable scoring system.

Results: The control group demonstrated no completely occluded tubules, while the Gluma group showed a mean
occlusion of 33.39% (+13.83). The highest level of complete occlusion was observed in the Gluma + O3 group, where
the mean percentage reached 80.87% (+10.31). The Gluma group had a mean partial occlusion of 5.17% (+4.11), and

the Gluma + O3 group showed a higher mean partial occlusion of 6.33% (£4.25).

Discussion: Since 20% of the dentin is formed from organic matrix, which is mainly composed of collagen, different
studies have shown that degradation of collagen bonds can occur due to the oxidative action of O3. Therefore, ozone

can reduce dentin sensitivity by mechanically blocking the dentinal tubules.

Conclusion: Compared to applying the Gluma agent alone, it was discovered that ozone treatment resulted in a more

compact deposition of the Gluma desensitizer particles.
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1. INTRODUCTION

Dentin hypersensitivity is a dental condition that is
considered one of the most prevalent and challenging
dental problems [1]. In recent decades, considerable atten-
tion has been focused on individual health and quality of
life, resulting in healthy and functional dentition, even in
older age [2]. Consequently, it is anticipated that there will
be a dramatic increase in dentin hypersensitivity among
elderly people in our population. Today, this condition
impacts approximately 35% of the population around the
world, primarily affecting individuals aged 20 to 50 in the
community [3]. Furthermore, it seems to affect females in
higher numbers compared to males [4]. Previous studies
showed that 72% of patients with gingival recession and
98% who have periodontal disease are suffering from dental
hypersensitivity [5]. Dentin hypersensitivity is scientifically
defined as a short episode of sharp and severe pain that
arises from exposed dentin. Usually, the administration of
chemical, thermal, tactile, or osmotic stimuli typically
initiates the pain, which cannot be caused by any other oral
pathology or defect [6]. However, this kind of dental condi-
tion can impair an individual’s quality of life. This leads to a
significant deterioration in patients’ daily activities, in-
cluding drinking, eating, speaking, and even toothbrushing
[7]. Difficulty during dental brushing makes it uncomfor-
table for individuals to maintain good oral health. However,
this kind of discomfort is highly subjective and usually can
vary from patient to patient [8]. Dentin hypersensitivity can
be treated either by desensitizing the nerve or blocking the
dentinal tubules [9]. Agents containing oxalate salts,
strontium, and fluoride are among the common dentin-
occluding agents [10-12]. The study by Talwar et al.
demonstrated the remineralization of enamel and dentin
lesions using three different fluoridated dentifrices (with
fluoride concentrations of 2500 ppm, 5000 ppm, and 1100
ppm) using microradiography and an Electric Caries
Monitor. They showed that higher fluoride levels did not
result in superior remineralization of enamel or dentin.
Nevertheless, their treatment approach led to a decrease in
dentin sensitivity using fluoride regardless of the concen-
tration [13]. Although various treatment modalities have
been proposed to control the condition, current treatments
for tooth hypersensitivity remain inadequate [11, 14, 15].
Ozone therapy has been suggested as a novel approach for
treating dentin hypersensitivity, especially after bleaching
[16]. Previous studies have suggested that ozone ions can
act as anti-inflammatory and antioxidant agents, which can
reduce inflammation and sensitivity [6, 17, 18]. According
to a study by McKenna et al. ozone therapy alone or in
combination of hydrogen peroxide reduced gingival blee-
ding and plaque scores in the soft tissues of patients with
peri-implant mucositis. Moreover, their results showed that
gaseous ozone could delay the advancement of peri-implant
diseases, thereby preventing tearing of the tissue [19].
Despite the growing evidence of literature supporting the
use of ozone therapy in various dental applications, its role
in managing dentin hypersensitivity remains undetermined
and insufficiently validated. Existing studies have primarily
focused on ozone's antimicrobial and anti-inflammatory
properties, with limited emphasis on its potential as a
desensitizing agent. Therefore, this study seeks to evaluate
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the synergistic effect of ozone application in combination
with a conventional desensitizing agent. By investigating its
impact on dentin hypersensitivity, this research aims to
introduce a novel, minimally invasive therapeutic approach
that could enhance patient outcomes and broaden the cli-
nical utility of ozone therapy in dentistry.

2. MATERIALS AND METHODS

This in vitro study was conducted in the Department of
Periodontics, the College of Dentistry, Prince Sattam bin
Abdulaziz University, Alkharj. Approval was obtained from
the Standing Committee of Bioethics Research (SCBR) with
No. (SCBR-075-2023). Human permanent upper and lower
premolar teeth extracted during orthodontic therapy in the
orthodontic department were used in this study. Written
informed consent was obtained from the patients for using
their teeth, and the project was conducted according to the
regulations of the Declaration of Helsinki, which was
revised in 2013 by the World Medical Association. Teeth
with clinically noticeable cracks, dental caries, stains,
erosive/abrasive regions, attrition, and white spot lesions
were excluded from the study. The extracted premolars
were cleaned using periodontal curettes and an ultrasonic
cleaner (TM-5LK, Foshan TopMed Dental Co., Ltd., China).
Subsequently, followed by prophylaxis with a rubber cup
and pumice. The teeth were stored in a weekly renewed
phosphate-buffered solution (PBS) at 37 °C until use.

2.1. Sample Size

To estimate the required sample size, a post-hoc power
analysis was conducted using G*Power for a one-way
ANOVA comparing three independent groups on a single
occasion. The computation was based on an anticipated
effect size (f) of 0.60, which represents a medium-sized
effect. The alpha level was set at 0.05, and the study in-
cluded 60 measurements, with twenty measurements per
group. The resulting power reached 0.93, comfortably
above the conventional threshold of 0.80, indicating that
the sample size of 20 per group is adequate for detecting
moderate to large group differences after covariate adjust-
ment.

2.2, Preparation of Dentin Blocks

At the level of the Cementoenamel Junction (CE]J), the
collected teeth were sectioned using a two-sided diamond
disk in a horizontal direction using a water-cooled mecha-
nism (Struers, Copenhagen, Denmark). A round bur (ISO
005) (Komet 0197, GmbH, Besigheim, Germany) was then
used on the enamel side to create a central indentation until
the dentin was exposed at the standardized depth. A water-
cooled mechanical grinder (Red-wing, A.C. motor, Handler
Co., Westfield, New Jersey, USA) was then employed to
grind the enamel down to the depth of the indentation. In
order to create blocks that were about 2 mm thick and were
taken from the cervical third of the buccal halves of teeth,
the dentin discs were then ground on a 200-grit carbide
plate to remove any remaining enamel on the occlusal side
and the pulp horn on the pulp side of the disc. They were
then polished using 400, 800, and 1200 grit carbide poli-
shing papers [20, 21]. For the opening of dentinal tubules,
the blocks were subjected to ultrasonication using distilled
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water for 10 minutes, and 35% phosphoric acid was used
for 30 seconds to etch the dentin, thereby completely expo-
sing the dentinal tubules. After that, distilled water was
used to rinse the samples. The specimens were immersed in
Phosphate-Buffered Solution (PBS) till future utilization.

2.3. Group Allocation

The specimens were randomly assigned to 3 groups of
20 samples each. In group 1, the samples were rinsed with
saline for one minute (control). In Group 2, the Gluma
group, small cotton pellets were used to apply a small
amount of Gluma desensitizer (Heraeus Kulzer; CA, USA)
from a small bottle to the dentin discs, according to the
manufacturer's instructions. The discs were then left for
20-40 seconds. The surface was then dried with a stream of
compressed air until the film of fluid was gone and the
surface was no longer shiny. It was then washed with water
several times. Group 3 samples were treated with ozone
therapy first, then Gluma. The samples were treated with
ozone gas, which was delivered as pure oxygen from a
cylinder connected to the generator (HealOzone X4 machine
OTM-3125; Curozone, Germany) and set to a flow rate of
1L/min for 6 minutes, as suggested by the International
Ozone Association (https://www.ioa-pag.org/). This provided
the dentin samples with a high concentration of ozone
(100,000 to 300,000 ppm). The investigator involved in
sample preparation and treatment application was blinded
to group allocation to minimize bias.

2.4. Sample Preparation for Scanning Electron
Microscopy

The dentin discs were fixed on stubs and coated with
gold by sputtering for subsequent SEM analysis. Subse-
quently, SEM pictures were captured at a magnification of
5000x. After observing the sample's image under SEM, the
images were evaluated independently by two evaluators
who were blinded and well trained to score the level of
tubule occlusion based on Saini’s study according to the
following categories:

Type 0: exposed dentinal tubules.

Type 1: partial occlusion of dentinal tubules, affecting
less than 25% of the orifice.

Type 2: partial occlusion of dentinal tubules above 25%
and up to 75% of the dentinal tubule orifice.

Type 3: substantial occlusion of dentinal tubule orifices,
exceeding 75% of the tubule orifice.

During the evaluation, types 1 and 2 were classified
within the same category as partial dentinal tubule occlusion
[22]. The percentage of occluded tubules was calculated by
dividing the total number of occluded dentinal tubules by
the total number of dentinal tubules in the SEM image. The
result was subsequently multiplied by 100 to derive the
percentage of occluded dentinal tubules for each image, as
outlined in a prior study. The same procedure was applied to
determine the proportion of partially occluded tubules [23].

2.5. Statistical Methods

Mean differences between groups were calculated,
along with p-values to determine statistical significance. A
p-value of less than 0.05 was considered significant for all

tests. For comparison of means between the study groups, a
One-Way Analysis of Variance (ANOVA) was conducted,
followed by post-hoc testing using Tukey’s test to assess
significant differences in dentinal tubule occlusion between
the groups. The primary analysis focused on comparing the
percentage of complete and partial occlusion of dentinal
tubules across the control, Gluma, and Gluma + O3 groups.

The reliability analysis for this study used several key
methods to assess the relationships and reliability of mea-
surements across the different treatment groups. The
Spearman’s rank correlation coefficient (Spearman r) was
used to evaluate the strength and direction of the relation-
ship between two sets of repeated readings. Additionally, to
assess the agreement and reliability of the measurements,
the Intraclass Correlation Coefficient (ICC) was calculated,
indicating the degree of consistency or reliability across
repeated readings.

3. RESULTS

Table 1 demonstrates the measurements of the dentinal
tubules and occlusion percentages across the study groups.
Regarding complete occlusion of dentinal tubules, the
control group showed no occluded tubules, whereas the
Gluma group showed a mean occlusion percentage of
33.39% (=13.83). The highest level of complete occlusion
was observed in the Gluma + O3 group, where the mean
percentage reached 80.87% (x10.31). Median values
followed a similar pattern, with the Gluma group at 33.20%
and the Gluma + O3 group at 81.82%. The partial occlusion
of dentinal tubules was also examined. The control group
exhibited no partial occlusion (0%), while the Gluma group
had a mean occlusion of 5.17% (+4.11), and the Gluma +
03 group showed a higher mean occlusion of 6.33%
(+4.25). Median values were 4.41% for the Gluma group
and 6.25% for the Gluma + O3 group, suggesting an incr-
ease in partial occlusion with the addition of ozone treat-
ment. For SEM examination of the surface topography, Fig.
(1) shows the morphology of dentinal tubules treated with
saline as a control, in which almost all the dentinal tubules
were opened, and no occluded dentinal tubules were
present. In Fig. (2), the image shows a relatively smooth
thin surface coating over some areas of the treated surface
with Gluma. On the other hand, the surface topography of
the Gluma + O3 specimen revealed a thick layer of coating,
which was hiding most orifices of the dentinal tubules, and
some tubules were barely visible (Fig. 3). The results of the
multiple comparisons in Table 2 show the effects of diff-
erent treatments on dentinal tubules. For the number of
dentinal tubules, no significant differences were found
between the groups. This indicates that the study groups
were comparable, so variations in the dentinal tubule count
do not confound any observed differences in dentinal tubule
occlusion. On the other hand, the percentage of complete
occlusion of dentinal tubules showed significant differences
between study groups. Both Gluma and Gluma + O3 treat-
ments resulted in significantly higher mean percentages of
dentinal occlusion compared to the control group, as the
control group had a zero occlusion percentage (p-value
<0.001). In partial occlusion, statistically significant diff-
erences were also detected in the comparisons between the
control group, Gluma group, and the Gluma + O3 group, as


https://www.ioa-pag.org/

4 The Open Dentistry Journal, 2025, Vol. 19

the control group had a zero dentinal occlusion. However,
the comparison between the Gluma Group and Gluma + O3

did not show a significant difference (p = 0.533), sugg-
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esting that both treatments had similar effects on partial
occlusion.

Table 1. Measurements of the dentinal tubules number and occlusion percentage across study groups.

Measurement - Control Gluma Gluma+03
Number of total dentinal tubules (M‘ean + SD) 31.90 £ 3.29 30.85 £ 4.53 28.98 £ 5.05
Median (Range) 31.50 (11.0) 32.50 (15.0) 28.75 (16.0)
Percentage of Complete Occlusion of dentinal tubules (Maan + SD) 0 33.39 + 13.83 80.87 + 10.31
Median (Range) 0 33.20 (45.51) 81.82 (40.30)
Percentage of Partial Occlusion of dentinal tubules (bean + SD) 0 517411 633 + 4.25
Median (Range) 0 4.41 (13.89) 6.25 (14.93)

Table 2. Comparison between mean of dentinal tubules numbers and occlusion percentage across study groups.

Measurement Comparison Mean Difference | p-value | 95% Confidence Interval
Control Group VS Gluma Group 1.05 0.727 -2.26, 4.36
Number of total dentinal tubules Control Group VS Gluma + 03 2.93 0.094 -0.39, 6.24
Gluma Group VS Gluma + 03 1.88 0.368 -1.44,5.19
Control Group VS Gluma Group -33.39% <0.001 -40.97, -25.81
Percentage of Complete Occlusion of dentinal tubules Control Group VS Gluma + O3 -80.87* <0.001 -88.45, -73.29
Gluma Group VS Gluma + 03 -47.48* <0.001 -55.06, -39.90
Control Group VS Gluma Group -5.17* <0.001 -7.76, -2.57
Percentage of Partial Occlusion of dentinal tubules Control Group VS Gluma + O3 -6.33* <0.001 -8.93,-3.73
Gluma Group VS Gluma + 03 -1.16 0.533 -3.76, 1.44

Note: *= Significant difference between groups.

HV
20.00 kV

Fig. (1). Morphology of dentinal tubules treated with saline (control), seen under scanning electron microscope (x 5,000).
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Fig. (2). Morphology of dentinal tubules treated with (Gluma), seen under scanning electron microscope (x 5,000).

5/14/2024
7:47:06 PM | 20.00kV | 5000 x | 45ps | ETD | 26.9 mm

Fig. (3). Morphology of dentinal tubules treated with (Gluma+ O3), seen under scanning electron microscope (x 5,000).
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Table 3. Measurement of the reliability between repeated readings across study groups.

Spearman

Measurement Pair Correlation ICC Estimate JCCHoweBHCCIUpperjiba Mean BA SD | LOA Lower Lk

. . CI CI Diff Upper

Coefficients

Control group
Number of total dentinal tubules 0.959 0.92 0.81 0.968 0.1 1373 | -2.59 2.79
(Readings 1 versus Readings 2)
Gluma group
Number of total dentinal tubules 0.863 0.891 0.746 0.956 001 | 2224 | -4.360 4.360
(Readings 1 versus Readings 2)
Complete Occlusion of dentinal
tubules 0.925 0.916 0.802 0.966 -0.5 1.732 -3.895 2.895
(Readings 1 versus Readings 2)
Partial Occlusion of dentinal tubules 0.735 0.802 0.565 0.917 01 | 0968 | -1.997 1.797
(Readings 1 versus Readings 2)
Gluma+ 03 group
Number of total dentinal tubules 0.938 0.907 0.784 0.962 035 | 2254 | -4.068 4.768
(Readings 1 versus Readings 2)
Complete Occlusion of dentinal
tubules 0.983 0.978 0.931 0.992 0.50 0.889 -1.242 2.242
(Readings 1 versus Readings 2)
Partial Occlusion of dentinal tubules 0.877 0.862 0.667 0.944 030 | 0657 | -1.588 0.988
(Readings 1 versus Readings 2)

Note: Spearman r: Spearman's Correlation Coefficient, ICC: Intraclass Correlation Coefficient, ICC Lower CI: ICC Lower Confidence Interval, ICC Upper
CI: ICC Upper Confidence Interval, BA Mean Diff: Bland-Altman Mean Difference, BA SD: Bland-Altman Standard Deviation, LOA Lower: Lower Limit of

Agreement, LOA Upper: Upper Limit of Agreement.

Regarding the reliability assessment, Table 3 presents
the reliability of repeated readings across the three study
groups. In the control group, the total dentinal tubules, with
a Spearman r of 0.96 and an ICC estimate of 0.92, indicated
excellent reliability between the two readings, charac-
terized by a minimal Bland-Altman mean difference of 0.1
and a standard deviation of 1.37. The limits Of Agreement
(LOA) ranged from -2.59 to 2.79, indicating good consis-
tency between the repeated measurements. In the Gluma
group, the Spearman correlation coefficient of the measure-
ment of total dentinal tubules was 0.863, and the ICC
estimate was 0.891, indicating good reliability. The Bland-
Altman mean difference was 0.01, with a larger standard
deviation of 2.224, and the LOA ranged from -4.360 to
4.360. For complete occlusion of dentinal tubules, the
measurement showed a Spearman r of 0.93, and the ICC
estimate was 0.916, showing excellent consistency between
the readings. In the Gluma + O3 group, the Spearman r of
0.94 and ICC estimate of 0.91 indicate good reliability, with
a Bland-Altman mean difference of 0.35 and a standard
deviation of 2.25. The LOA ranged from -4.07 to 4.77. For
complete occlusion measurement, the Spearman r was 0.98,
and the ICC estimate of 0.98 showed near-perfect reli-
ability.

4. DISCUSSION

Dentin sensitivity is a serious condition that interferes
with patients' daily tasks and standard of living. According
to a recent systematic review in 2024, treatments for teeth
sensitivity were found to enhance the psychological dimen-
sion of comfort by reducing perceived pain [24], thereby
justifying the relevance of conducting further research in
this field. The present in vitro investigation was undertaken
to assess the effect of applying ozone gas in combination

with commercially available Gluma agent on dentinal tubule
occlusion. In this study, dentin blocks were prepared from
the buccal surface of premolar teeth at the area of the
cervical third, which is a frequent site of dentin hyper-
sensitivity due to the presence of a thin layer of enamel [25,
26]. The dentin blocks were treated for 2 minutes with 35%
phosphoric acid to guarantee adequate removal of the
smear layer and dentinal plugs to display the underlying
tubules, thereby clinically simulating the hypersensitivity of
dentin [27]. Moreover, it is well known that 86% of the total
resistance to the movement of dentinal fluids is because of
the accumulation of the smear layer [28]. However, the
primary strategy to reduce dentin hypersensitivity is by
focusing on substances that target dentin permeability or
interdental nerve blockage, whether by precipitating a
material directly into the majority of tubules and/or forming
a layer over the top of the exposed dentin [11, 18, 29].
Consequently, the dentin will become insensitive to stimuli
such as cold drinks or airflow, which, in normal conditions,
can stimulate the nerve endings that induce pain [12, 30,
31]. Results from the present study showed that ozone
therapy was significantly effective in complete occlusion of
dentinal tubules compared to Gluma and the control group.
This agrees with a previous in vitro study by Saha et al.,
which evaluated the effect of ozonated oil and ozone gas
with and without the application of desensitizing toothpaste
on dentinal tubule occlusion. In their experiment, the
maximum score of total tubular occlusions before and after
the acid challenge was for the toothpaste and ozonated oil
group [32].

In this study, O3 gas was delivered from a HealOzone x4
machine, which is an activation generator for pure oxygen
with high voltage and frequency power to deliver a maxi-
mum concentration of oxygen for a 6-minute duration accor-
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ding to the International Ozone Association [33]. When it
comes in contact with the dentin blocks for this duration, it
emits energy and splits the environmental dioxygen into
unique ozone and a single oxygen particle. Such a condition
will lead to the temporary recombination of oxygen atoms
into groups of three [21, 34, 35]. An in vitro study by Rasha
et al. found that the combined use of fluoride with ozone
treatment resulted in a significantly wider dentin tubule
diameter compared to the control. Moreover, they expla-
ined that the oxidizing property of ozone was 5 times
greater than that of oxygen [21].

According to earlier investigations, the ions of ozone
possess an antioxidant with an anti-inflammatory effect, due
to prolonged reduction in prostaglandin secretion and in-
activation of cyclooxygenase, which will lead to the suppres-
sion of inflammatory pathways [21, 36]. Additionally, since
20% of the dentin is formed from the organic matrix, which
is mainly composed of collagen, different studies have
shown that degradation of collagen bonds can occur due to
the oxidative action of O3. Therefore, by collagen degra-
dation, ozone can reduce dentin sensitivity by mechanically
blocking the dentinal tubules [17, 37]. Besides that, consi-
dering its gaseous condition, O3 was believed to diffuse in a
more efficient way than other desensitizer agents through-
out the tooth structure [6]. A clinical study by Detogni et al.
evaluated the effect of an experimental ozone-based gel on
dentin sensitivity and a high percentage of bleaching
material. They found that the experimental gel containing
03 is a promising desensitizing agent that can reduce tooth
sensitivity, without interfering with the color achieved by
dental bleaching [34]. Nevertheless, the powerful oxidizing
quality of ozone might contribute to the management of
sensitivity, but with a different mode of action. Abdelaziz et
al. indicated that the smear layer can be removed when the
exposed dentin has been subjected to ozone application.
Later, the dentinal tubules will be broadened in diameter,
facilitating the entrance of minerals such as calcium and
fluoride ions from saliva or desensitizing agents [21]. For
this reason, it has been suggested that ozone application
should not be used alone for treating tooth sensitivity, but
could be considered a possible adjunct to fluoride-
containing desensitizers in enhancing tubular occlusion [17,
38]. In comparison with other desensitizing agents, Sathish
et al. investigated the effectiveness of Casein Phospho-
peptide-Amorphous Calcium Phosphate (CPP-ACP) tooth
mousse and fluoride-doped amorphous calcium phosphate
(F-ACP) on the occlusion of dentinal tubules. They found
that among the two, F-ACP was significantly greater in
dentin occlusion [39]. However, it is difficult to compare
their findings with these results since the physical action of
ozone is quite different and was suggested as a potential
auxiliary treatment to reduce sensitivity [9]. Glutaraldehyde
(Gluma desensitizer) in this study is more effective in
dentinal tubule occlusion compared to saline. Furthermore,
this differed from the results reported by Joshi et al., who
compared the impact of calcium sodium phosphosilicate
(NovaMin) and Gluma in blocking dentinal tubules. They
demonstrated that both agents were effective in occluding
dentinal tubules, but NovaMin showed greater potential in
obstructing them completely following initial application
(40). Thus far, the results from this study have been con-

sistent with previous experimental in vitro studies by
Mushtaq et al. and Jiang et al., which have demonstrated
the favourable efficacy of Gluma in relieving dentin
hypersensitivity [41, 42]. At the same time, these findings
suggested that the adjunctive use of ozone therapy before
the application of the Gluma agent can lead to more
compact and heavy deposition of the Gluma particles com-
pared to the application of the latter alone. A possible
synergistic effect was noted, where O3 caused the opening
of dentinal tubules, allowing for more penetration of the
desensitizing agent. In line with that, previous studies con-
firmed a significant increase in the diameter of dentinal
tubules resulting from the highly reactive and unstable
ozone atoms, which are unable to maintain their body
structure over time [35]. Consequently, when the O3 comes
into contact with unsaturated compounds such as carbo-
hydrates and proteins on the dentin surface, it will induce a
chemical reaction. This reaction enlarges the diameter of
the dentinal tubules, facilitating the entry of minerals from
saliva or desensitizing agents into these tubules [9, 43].
Although this study did not evaluate the longevity of
treatment and resistance over time, a previous study by
Amario et al. showed that ozone gas, compared to the
efficacy of diode laser in the treatment of dentin sensitivity,
both modalities had a significant decrease immediately and
after 3 and 6 months of treatment. Additionally, Ozone
therapy maintains great effectiveness of hypersensitivity
reduction after 6 months [35].

5. LIMITATIONS AND
RECOMMENDATIONS

This study has several limitations, the first being the in
vitro design, as samples were not stored in artificial saliva
or treated under dynamic oral conditions such as saliva flow
and pH changes, which may not accurately reflect in vivo
tubule occlusion stability or desensitizing efficacy. Despite
these limitations, efforts were made to replicate oral cavity
conditions and strictly adhere to the manufacturer’s guide-
lines for material application. The second limitation of this
study is that the depth of desensitizing agents and pene-
tration into the dentinal tubules were not evaluated. More-
over, the resistance of sealed tubules, occlusion resistance
testing, and variability in tubule counts were not deter-
mined. Additionally, the small sample size of 20 per group
may be insufficient to detect significant differences between
groups. Future long-term studies with a larger sample size
and different mechanical testing methods, such as occlusion
resistance and depth of material penetration, are needed to
explore the physical findings in dentinal tubules. Further-
more, combinations of therapies or different application
techniques can enhance the effectiveness of ozone therapy.
Longitudinal randomized clinical trials with patient-
reported pain outcomes are needed to corroborate the
findings obtained in the present in vitro study.

CONCLUSION

In conclusion, ozone treatment was found to produce a
more compact deposition of the particles of the Gluma
desensitizer compared to the application of the Gluma
agent alone. There was a statistically significant difference
between the two groups, and a comparison with the control

FUTURE
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revealed a significant difference in the ratio of partial and
complete occlusion. With these observations, the use of
ozone therapy may provide appreciable clinical therapeutic
benefits before the application of a desensitizing agent,
which can lead to effective management of dentinal hyper-
sensitivity.

AUTHOR’S CONTRIBUTIONS

The author confirms contributions to the paper as
follows: B.A.: Study conception, design, analysis, inter-
pretation of results, draft manuscript, and data collection.
The author reviewed the results and approved the final
version of the manuscript.

LIST OF ABBREVIATIONS

SEM = Scanning Electron Microscopic

CEJ] = Cementoenamel Junction

PBS = Phosphate-Buffered Solution

ANOVA = One-Way Analysis of Variance
ETHICS APPROVAL AND CONSENT TO
PARTICIPATE

The study was authorized by the Standing Committee
of Bioethics Research at the dental college, Prince Sattam
bin Abdulaziz University (SCBR-075-2023).

HUMAN AND ANIMAL RIGHTS

All human research procedures followed were in
accordance with the ethical standards of the committee
responsible for human experimentation (institutional and
national), and with the Helsinki Declaration of 1975, as
revised in 2013.

CONSENT FOR PUBLICATION

Informed written consent was obtained from the
patients for the use of their extracted teeth.

STANDARDS OF REPORTING
STROBE guidelines were followed.

AVAILABILITY OF DATA AND MATERIALS

The data and supportive information are available
within the article.

FUNDING

This study is supported via funding from Prince Sattam
bin Abdulaziz University project number
(PSAU/2024/R/1446).

CONFLICT OF INTEREST

The author declares no conflict of interest, financial or
otherwise.

ACKNOWLEDGEMENTS
Declared none.
REFERENCES

[1] da Silva LMAYV, Cintra LTA, Gallinari MO, et al. Influence of pain-
relieving therapies on inflammation and the expression of

[9]

[10]

[12]

Banna Alnufaiy

proinflammatory neuropeptides after dental bleaching treatment.
Restor Dent Endod 2020; 45(2): 20.
http://dx.doi.org/10.5395/rde.2020.45.e20 PMID: 32483537
Fambrini E, Miceli M, Pasini M, Giuca MR. Clinical evaluation of
the use of desensitizing agents in the management of dentinal
hypersensitivity. Appl Sci 2022; 12(21): 11238.
http://dx.doi.org/10.3390/app122111238

Sampath V, Kunam D, Manimaran S, Sekar M. Evaluation of
dentinal tubule occlusion and depth of penetration of nano-
hydroxyapatite derived from chicken eggshell powder with and
without addition of sodium fluoride: An in vitro study. ] Conserv
Dent 2016; 19(3): 239-44.
http://dx.doi.org/10.4103/0972-0707.181940 PMID: 27217637
Favaro Zeola L, Soares PV, Cunha-Cruz ]J. Prevalence of dentin
hypersensitivity: Systematic review and meta-analysis. J Dent
2019; 81: 1-6.

http://dx.doi.org/10.1016/j.jdent.2018.12.015 PMID: 30639724
Carvalho TS, Lussi A. Age-related morphological, histological and
functional changes in teeth. J Oral Rehabil 2017; 44(4): 291-8.
http://dx.doi.org/10.1111/joor.12474 PMID: 28032898

Bin Hassan SA. Tooth sensitivity following hydrogen peroxide
bleaching with and without ozone: A randomized controlled trial.
Pain Res Manag 2024; 2024(1): 2695533.
http://dx.doi.org/10.1155/2024/2695533 PMID: 39512891
Douglas-de-Oliveira DW, Vitor GP, Silveira JO, Martins CC, Costa
FO, Cota LOM. Effect of dentin hypersensitivity treatment on oral
health related quality of life — A systematic review and meta-
analysis. ] Dent 2018; 71: 1-8.
http://dx.doi.org/10.1016/j.jdent.2017.12.007 PMID: 29262305
Davari A, Ataei E, Assarzadeh H. Dentin hypersensitivity:
Etiology, diagnosis and treatment; a literature review. J Dent
2013; 14(3): 136-45.

PMID: 24724135

Rezaeianjam M, Khabazian A, Khabazian T, et al. Efficacy of ozone
therapy in dentistry with approach of healing, pain management,
and therapeutic outcomes: A systematic review of clinical trials.
BMC Oral Health 2025; 25(1): 433.
http://dx.doi.org/10.1186/s12903-025-05790-0 PMID: 40140788
Gorseta K, Gavic L, Borzabadi-Farahani A, Tadin A, Glavina D.
Influence of toothpaste pH on its capacity to prevent enamel
demineralization. Contemp Clin Dent 2018; 9(4): 554-9.
http://dx.doi.org/10.4103/ccd.ccd 667 18 PMID: 31772462
Vochikovski L, Favoreto MW, Rezende M, et al. Effect of an
experimental desensitizing gel on bleaching-induced tooth
sensitivity after in-office bleaching—a double-blind, randomized
controlled trial. Clin Oral Investig 2022; 27(4): 1567-76.
http://dx.doi.org/10.1007/s00784-022-04778-2 PMID: 36418502
Zhao X, Wang L, Pan ], Malmstrom H, Ren YF. Effects of
desensitizing dentifrices on dentin tubule occlusion and resistance
to erosive challenges. BMC Oral Health 2021; 21(1): 610.
http://dx.doi.org/10.1186/s12903-021-01977-3 PMID: 34847898
Talwar M, Borzabadi-Farahani A, Lynch E, Borsboom P, Ruben J.
Remineralization of demineralized enamel and dentine using 3
dentifrices—an in vitro study. Dent J 2019; 7(3)91
http://dx.doi.org/10.3390/dj7030091

Piovesan ETA, Alves JB, Ribeiro CDPV, Massignan C, Bezerra
ACB, Leal SC. Is silver diamine fluoride effective in reducing
dentin hypersensitivity? A systematic review. ] Dent Res Dent Clin
Dent Prospect 2023; 17(2): 63-70.
http://dx.doi.org/10.34172/joddd.2023.35449 PMID: 37649825
Rezende M, Coppla FM, Chemin K, Chibinski AC, Loguercio AD,
Reis A. Tooth sensitivity after dental bleaching with a
desensitizer-containing and a desensitizer-free bleaching gel: A
systematic review and meta-analysis. Oper Dent 2019; 44(2):
E58-74.

http://dx.doi.org/10.2341/17-253-L PMID: 30888924

Marto CM, Baptista Paula A, Nunes T, et al. Evaluation of the
efficacy of dentin hypersensitivity treatments—A systematic
review and follow-up analysis. J Oral Rehabil 2019; 46(10):
952-90.


http://dx.doi.org/10.5395/rde.2020.45.e20
http://www.ncbi.nlm.nih.gov/pubmed/32483537
http://dx.doi.org/10.3390/app122111238
http://dx.doi.org/10.4103/0972-0707.181940
http://www.ncbi.nlm.nih.gov/pubmed/27217637
http://dx.doi.org/10.1016/j.jdent.2018.12.015
http://www.ncbi.nlm.nih.gov/pubmed/30639724
http://dx.doi.org/10.1111/joor.12474
http://www.ncbi.nlm.nih.gov/pubmed/28032898
http://dx.doi.org/10.1155/2024/2695533
http://www.ncbi.nlm.nih.gov/pubmed/39512891
http://dx.doi.org/10.1016/j.jdent.2017.12.007
http://www.ncbi.nlm.nih.gov/pubmed/29262305
http://www.ncbi.nlm.nih.gov/pubmed/24724135
http://dx.doi.org/10.1186/s12903-025-05790-0
http://www.ncbi.nlm.nih.gov/pubmed/40140788
http://dx.doi.org/10.4103/ccd.ccd_667_18
http://www.ncbi.nlm.nih.gov/pubmed/31772462
http://dx.doi.org/10.1007/s00784-022-04778-2
http://www.ncbi.nlm.nih.gov/pubmed/36418502
http://dx.doi.org/10.1186/s12903-021-01977-3
http://www.ncbi.nlm.nih.gov/pubmed/34847898
http://dx.doi.org/10.3390/dj7030091
http://dx.doi.org/10.34172/joddd.2023.35449
http://www.ncbi.nlm.nih.gov/pubmed/37649825
http://dx.doi.org/10.2341/17-253-L
http://www.ncbi.nlm.nih.gov/pubmed/30888924

Ozone therapy in combination with a desensitizing agent for dentinal tubule occlusion 9

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

http://dx.doi.org/10.1111/joor.12842 PMID: 31216069

Lena K, Marianne K. Ozone treatment on dentin hypersensitivity
surfaces - A pilot study. Open Dent J 2017; 11(1): 65-70.
http://dx.doi.org/10.2174/1874210601711010065
28356999

Veneri F, Filippini T, Consolo U, Vinceti M, Generali L. Ozone
therapy in dentistry: An overview of the biological mechanisms
involved (Review). Biomed Rep 2024; 21(2): 115.
http://dx.doi.org/10.3892/br.2024.1803 PMID: 38912169
McKenna DF, Borzabadi-Farahani A, Lynch E. The effect of
subgingival ozone and/or hydrogen peroxide on the development
of peri-implant mucositis: A double-blind randomized controlled
trial. Int J Oral Maxillofac Implants 2013; 28(6): 1483-9.
http://dx.doi.org/10.11607/jomi.3168 PMID: 24278915

Sayed M, Matsui N, Hiraishi N, et al. Evaluation of discoloration
of sound/demineralized root dentin with silver diamine fluoride:
<i>In-vitro</i> study. Dent Mater J 2019; 38(1): 143-9.
http://dx.doi.org/10.4012/dmj.2018-008 PMID: 30381632

Raafat Abdelaziz R, Mosallam RS, Yousry MM. Tubular occlusion
of simulated hypersensitive dentin by the combined use of ozone
and desensitizing agents. Acta Odontol Scand 2011; 69(6):
395-400.
http://dx.doi.org/10.3109/00016357.2011.572290
21453220

Saini N, Mathur S, Saini V, Kapoor A, Vijay S, Gurjar S. Effect of
commercially available nano-hydroxy apatite containing
desensitizing mouthwash on dentinal tubular occlusion: An in
vitro FESEM analysis. Med Pharm Rep 2020; 93(4): 396-404.
http://dx.doi.org/10.15386/mpr-1492 PMID: 33225266

Jena A, Kala S, Shashirekha G. Comparing the effectiveness of
four desensitizing toothpastes on dentinal tubule occlusion: A
scanning electron microscope analysis. ] Conserv Dent 2017;
20(4): 269-72.

http://dx.doi.org/10.4103/JCD.JCD 34 17 PMID: 29259366

Chan AKY, Tsang YC, Yu OY, Lo ECM, Leung KCM, Chu CH.
Clinical evidence for silver diamine fluoride to reduce dentine
hypersensitivity: A systematic review. ] Dent 2024; 142: 104868.
http://dx.doi.org/10.1016/j.jdent.2024.104868 PMID: 38301767
Dionysopoulos D, Gerasimidou O, Beltes C. Dentin
hypersensitivity:  Etiology, diagnosis and contemporary
therapeutic approaches—A review in literature. Appl Sci 2023;
13(21): 11632.

http://dx.doi.org/10.3390/app132111632

Solé-Magdalena A, Martinez-Alonso M, Coronado CA, Junquera
LM, Cobo ], Vega JA. Molecular basis of dental sensitivity: The
odontoblasts are multisensory cells and express multifunctional
ion channels. Ann Anat 2018; 215: 20-9.
http://dx.doi.org/10.1016/j.aanat.2017.09.006 PMID: 28954208
Mishra D, Kuriakose F, Joy B, et al. A SEM evaluation of the
permeability of different desensitizing methods on occlusion of
dentinal tubules: An in-vitro study. ] Contemp Dent Pract 2023;
24(3): 153-6.

http://dx.doi.org/10.5005/jp-journals-10024-3459 PMID: 37272125
Fu X, Kim HS. Dentin mechanobiology: Bridging the gap between
architecture and function. Int ] Mol Sci 2024; 25(11): 5642.
http://dx.doi.org/10.3390/ijms25115642 PMID: 38891829

Khan AS, Farooq I, Alakrawi KM, Khalid H, Saadi OW, Hakeem
AS. Dentin tubule occlusion potential of novel dentifrices having
fluoride containing bioactive glass and zinc oxide nanoparticles.
Med Princ Pract 2020; 29(4): 338-46.
http://dx.doi.org/10.1159/000503706 PMID: 31698358

Wainer C. How do desensitising agents in dental products work?

PMID:

PMID:

[35]

[36]

[37]

[41]

[42]

[43]

BDJ Student 2020; 27(3): 43-5.
http://dx.doi.org/10.1038/s41406-020-0151-9

Xavier GMB, Gil GS, Paes YFO, de Meneses Costa Ferreira LM,
Silva CM, Ribeiro-Costa RM. Assessment of the effect of
experimental gel of pregabalin associated with 35% hydrogen
peroxide bleaching on bovine dental enamel: An in vitro study.
Odontology 2025; 113(1): 331-9.
http://dx.doi.org/10.1007/s10266-024-00978-2

Saha M, Nc S, Bhuvaneshwari S, Mishra S, Bajoria AA, Male VP.
The synergistic effect of ozonated oil and desensitising toothpaste
on dentinal tubule occlusion: An in vitro study. Cureus 2024;
16(3): 56131.

http://dx.doi.org/10.7759/cureus.56131 PMID: 38618378
International ozone association, pan american group (PAG). 2024.
Available from: https://www.ioa-pag.org/

Detogni AC, Abuna G, Mendonga M], et al. Effect of an
experimental ozone-based desensitizing gel on tooth sensitivity
and in-office dental bleaching. ] Adv Med Med Res 2023; 35(19):
283-95.

http://dx.doi.org/10.9734/jammr/2023/v35i195162

D’Amario M, Di Carlo M, Jahjah A, Mauro S, Natale S, Capogreco
M. Ozone and laser effects on dentin hypersensitivity treatment: A
randomized clinical study. J Endod 2024; 50(5): 554-61.
http://dx.doi.org/10.1016/j.joen.2024.02.007 PMID: 38382737
AL-Omiri MK, Al Nazeh AA, Kielbassa AM, Lynch E. Randomized
controlled clinical trial on bleaching sensitivity and whitening
efficacy of hydrogen peroxide versus combinations of hydrogen
peroxide and ozone. Sci Rep 2018; 8(1): 2407.
http://dx.doi.org/10.1038/s41598-018-20878-0 PMID: 29402954
Ahmedi J, Agani Z, Ademi Abdyli R, et al. Comparison between
ozone and CHX gel application for reduction of pain and incidence
of dry socket after lower third molar removal. Clin Exp Dent Res
2023; 9(1): 75-81.

http://dx.doi.org/10.1002/cre2.675 PMID: 36245293

Ozgiill BM, Saat S, Sénmez H, Oz FT. Clinical evaluation of
desensitizing treatment for incisor teeth affected by molar-incisor
hypomineralization. J Clin Pediatr Dent 2013; 38(2): 101-5.
http://dx.doi.org/10.17796/jcpd.38.2.92mx26161482j682 PMID:
24683770

Sathish AK, Gopalkrishna P, Kumar S. In vitro evaluation of
remineralizing agents on dentinal tubule occlusion: A scanning
electron microscopic study. J Indian Soc Periodontol 2023; 27(4):
362-7.

http://dx.doi.org/10.4103/jisp.jisp 413 22 PMID: 37593561

Joshi S, Gowda AS, Joshi C. Comparative evaluation of NovaMin
desensitizer and Gluma desensitizer on dentinal tubule occlusion:
A scanning electron microscopic study. J Periodontal Implant Sci
2013; 43(6): 269-75.

http://dx.doi.org/10.5051/jpis.2013.43.6.269 PMID: 24455439
Mushtaq S, Gupta R, Dahiya P, Kumar M, Bansal V, Melwani S.
Evaluation of different desensitizing agents on dentinal tubule
occlusion: A scanning electron microscope study. Indian J Dent
Sci 2019; 11(3): 121-4.

http://dx.doi.org/10.4103/]JDS.IJDS 36 19

Jiang R, Xu Y, Wang F, Lin H. Effectiveness and cytotoxicity of two
desensitizing agents: A dentin permeability measurement and
dentin barrier testing in vitro study. BMC Oral Health 2022;
22(1): 391.

http://dx.doi.org/10.1186/s12903-022-02424-7 PMID: 36088323
Khan SA, Suh Y, Patel S, et al. Clinical utility of ozone therapy in
dental and oral medicine. Med Gas Res 2019; 9(3): 163-7.
http://dx.doi.org/10.4103/2045-9912.266997 PMID: 31552882

DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version.
Major publication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in
the final published version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this
ahead-of-print version.


http://dx.doi.org/10.1111/joor.12842
http://www.ncbi.nlm.nih.gov/pubmed/31216069
http://dx.doi.org/10.2174/1874210601711010065
http://www.ncbi.nlm.nih.gov/pubmed/28356999
http://dx.doi.org/10.3892/br.2024.1803
http://www.ncbi.nlm.nih.gov/pubmed/38912169
http://dx.doi.org/10.11607/jomi.3168
http://www.ncbi.nlm.nih.gov/pubmed/24278915
http://dx.doi.org/10.4012/dmj.2018-008
http://www.ncbi.nlm.nih.gov/pubmed/30381632
http://dx.doi.org/10.3109/00016357.2011.572290
http://www.ncbi.nlm.nih.gov/pubmed/21453220
http://dx.doi.org/10.15386/mpr-1492
http://www.ncbi.nlm.nih.gov/pubmed/33225266
http://dx.doi.org/10.4103/JCD.JCD_34_17
http://www.ncbi.nlm.nih.gov/pubmed/29259366
http://dx.doi.org/10.1016/j.jdent.2024.104868
http://www.ncbi.nlm.nih.gov/pubmed/38301767
http://dx.doi.org/10.3390/app132111632
http://dx.doi.org/10.1016/j.aanat.2017.09.006
http://www.ncbi.nlm.nih.gov/pubmed/28954208
http://dx.doi.org/10.5005/jp-journals-10024-3459
http://www.ncbi.nlm.nih.gov/pubmed/37272125
http://dx.doi.org/10.3390/ijms25115642
http://www.ncbi.nlm.nih.gov/pubmed/38891829
http://dx.doi.org/10.1159/000503706
http://www.ncbi.nlm.nih.gov/pubmed/31698358
http://dx.doi.org/10.1038/s41406-020-0151-9
http://dx.doi.org/10.1007/s10266-024-00978-2
http://dx.doi.org/10.7759/cureus.56131
http://www.ncbi.nlm.nih.gov/pubmed/38618378
https://www.ioa-pag.org/
http://dx.doi.org/10.9734/jammr/2023/v35i195162
http://dx.doi.org/10.1016/j.joen.2024.02.007
http://www.ncbi.nlm.nih.gov/pubmed/38382737
http://dx.doi.org/10.1038/s41598-018-20878-0
http://www.ncbi.nlm.nih.gov/pubmed/29402954
http://dx.doi.org/10.1002/cre2.675
http://www.ncbi.nlm.nih.gov/pubmed/36245293
http://dx.doi.org/10.17796/jcpd.38.2.92mx26l6n482j682
http://www.ncbi.nlm.nih.gov/pubmed/24683770
http://dx.doi.org/10.4103/jisp.jisp_413_22
http://www.ncbi.nlm.nih.gov/pubmed/37593561
http://dx.doi.org/10.5051/jpis.2013.43.6.269
http://www.ncbi.nlm.nih.gov/pubmed/24455439
http://dx.doi.org/10.4103/IJDS.IJDS_36_19
http://dx.doi.org/10.1186/s12903-022-02424-7
http://www.ncbi.nlm.nih.gov/pubmed/36088323
http://dx.doi.org/10.4103/2045-9912.266997
http://www.ncbi.nlm.nih.gov/pubmed/31552882

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Sample Size
	2.2. Preparation of Dentin Blocks
	2.3. Group Allocation
	2.4. Sample Preparation for Scanning Electron Microscopy
	2.5. Statistical Methods

	3. RESULTS
	4. DISCUSSION
	5. LIMITATIONS AND FUTURE RECOMMENDATIONS
	CONCLUSION
	AUTHOR’S CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


