ISSN:
Electronic version: 1984-5685
RSBO. 2020 Jul-Dez;17(2):85-91

Original Research Article

Characterization of dentin morphology after
application of ozone and sodium ascorbate by
scanning electron microscopy and atomic force
microscopy
João Batista de Souza1
Daniel Rodrigues1
Paula Cicília Faquim Rodrigues1
Lawrence Gonzaga Lopes1
Tainah Costa Firmiano1
Cyntia R. A. Estrela2, 3
Carlos Estrela1
Corresponding author:
João Batista de Souza
Department of Oral Rehabilitation, Dental School, Federal University of Goiás
Faculdade de Odontologia
Av. Universitária, esquina com 1.ª Avenida, s/n – Setor Universitário
CEP: 74605-220 – Goiânia – GO – Brasil
E-mail: jbs.ufg@gmail.com
Departament of Oral Rehabilitation, Dental School, Federal University of Goiás – Goiânia – GO – Brazil.
Dental School, Anapolis University Center – UniEvangélica – Anápolis – GO – Brazil.
3
Dental School, University of Cuiabá – Cuiabá – MT – Brazil.
1
2

Received for publication: April 14, 2020. Accepted for publication: May 21, 2020.

Abstract
Keywords:
antioxidants; atomic
force microscopy;
dentin, electron
scanning microscopy;
ozone.

Objective: The aim of this study was to evaluate dentin morphology
after ozone gas and sodium ascorbate application by the Scanning
Electron Microscopy (SEM) and Atomic Force Microscopy (AFM)
images. Material and methods: Seven freshly extracted human
third molars were sectioned perpendicularly to the tooth long axis, 3
mm above the cementoenamel junction and other section above the
first. Dentin slices were obtained, 2 mm thickness, then the slices
were sectioned vertically and horizontally into four equal parts,
resulting in 28 samples. These were divided in 4 groups (n=7):
(G1) phosphoric acid – control; (G2) ozone + phosphoric acid; (G3)
phosphoric acid + ozone; and (G4) ozone + sodium ascorbate +
phosphoric acid. Dentin morphology of six samples of each group
was evaluated by SEM and one by AFM. Results: In Groups 2 and
4 there was a change in the effectiveness of acid etching in terms
of removing the smear layer. In Group 3 there was a change in the
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dentin microstructure, which can be a harmful factor regarding the
bond strength of adhesive agents. Conclusion: After the qualitative
analysis, the application sequences of ozone, phosphoric acid etching
and sodium ascorbate application generated differences in the dentin
morphology by SEM and AFM. Sodium ascorbate decreased the
ozone effect before the acid etching but did not eliminate it.

Introduction
Ozone (O3) is a powerful oxidant used as an
antimicrobial agent [1, 2]. It occurs naturally in the
atmosphere or it can be artificially produced by
electrical generators [1, 2]. The bactericidal efficacy
of ozone is based on forming free radicals which
damage the cell membranes by altering the osmotic
stability and permeability [1, 2]. Due to these
properties, it has been used in the stomatology,
endodontics, periodontics, dental surgery and in
the treatment of early and advanced carious lesions
[4, 14, 19, 23, 24, 25].
In addition to the antimicrobial effect, its
use in caries treatment is based on the ability to
oxidize the proteins in carious lesions allowing the
diffusion of calcium and phosphate ions through
lesions and then resulting in remineralization
of the affected dental tissues [3, 4]. Ozone is
also capable of decarboxylating pyruvic acid, the
strongest acid naturally produced through cariogenic
bacteria, to acetic acid and it can also promote the
remineralization of the early carious lesions [1, 3].
Because it is an allotropic variety of oxygen,
O 3 is highly unstable and rapidly returns to
oxygen [2, 18]. Presence of oxygen free radicals
in the tooth can inhibit the polymerization of the
resinous monomers, and therefore decrease the
bond strength between the restorative material and
the dentin substrates, as occurs with the bleaching
agents [9, 21]. With the intention to neutralize the
residual oxygen, the use of an antioxidant agent
on the surface exposed to free radicals has been
indicated [12]. Antioxidants, such as the ascorbic
acid derivatives (sodium ascorbate 10%), act as
free radical stabilizers neutralizing the effect of
the oxygen in the bond materials polymerization
[13, 15].
Oxygen released using bleaching agents alters
the properties of both enamel and dentin [7, 8].
Because of this, it is necessary to verify if changes
in the morphology of the dentin substrates occurs
by the presence of free oxygen from the ozone gas
application and if the sodium ascorbate combined to
the gas interferes in the dentin morphology. Thus,
the aim of this study was to evaluate the dentin
morphology after ozone gas and sodium ascorbate

application by scanning electron microscopy and
atomic force microscopy images.

Material and methods
Seven recently extracted caries-free human
third molars stored in 0.2% thymol solution at
4°C for no longer than 3 months were used in this
study. The research was approved in the Ethics
Committee of Federal University of Goias under the
protocol number 85/2010. After disinfection and
removal of soft tissues, flat middle/depth coronal
dentin surfaces were exposed, and the roots were
removed using a low-speed diamond saw (Isomet,
Buehler, Lake Bluff, IL, USA) under water irrigation
to obtain dentin slices of 2 mm thickness.
Ex posed dent in surfaces were ma nua lly
polished using wet silicon carbide sandpapers with
decreasing abrasiveness (600, 1000 and 1200).
After that, each dentin slice was cut into four equal
parts, thus producing a total of four samples per
tooth [22]. These four samples of each tooth were
divided into study groups (n=7): Group 1, acid
etching (G1); Group 2, ozone application followed by
acid etching (G2); Group 3, acid etching followed by
ozone application (G3); Group 4, ozone and sodium
ascorbate application followed by acid etching (G4).
Dent i n wa s etched for 15 seconds w it h
phosphoric acid, rinsed with deionized water
for 15 seconds, and dried with absorbent paper.
Ozone was applied to the flat dentin surface at a
concentration of 5,0 g/L por 40 s [1, 2, 10, 16] in
a flow rate at 5 g.h-1. of ozone [2, 21] produced
by electric discharge through an oxygen current
(Generator PXZ3507, Eaglesat Systems Technology
Ltd., São José dos Campos, SP, Brazil) coupled to
an autoclave. This part of the study was conducted
in a dry environment (inside a modified autoclave
to receive only the ozone gas). The specimens were
then irrigated with 10% sodium ascorbate for 10
min, flow rate of 1 mL min-1, then washed with
10 ml of deionized water and right after the excess
water was removed with absorbent paper [21, 26].
Samples were stored in deionized water at 37°C
and morphological evaluation of dentin samples were
performed as follows: six samples from each group

87 – RSBO. 2020 Jul-Dec;17(2):85-91
Souza et al. – Characterization of dentin morphology after application of ozone and sodium ascorbate by scanning electron
microscopy and atomic force microscopy

were evaluated under scanning electron microscopy
(SEM) (JSM 6610 LV, JEOL, Tokyo, Japan) and
one sample from each group were evaluated under
atomic force microscopy (AFM) (Agilent Technologies
5500, Santa Clara, USA).

range of 7 µm in the z-direction. For each sample,
four images of three different sites of 30 × 30 µm2
were obtained with inclination of 20°. In the images,
darker colors indicate a greater depth, while lighter
colors indicate lower depth [16].

Scanning Electron Microscopy (SEM)

Morphology analysis

For obser vat ion by SEM, sa mples were
dehydrated through ascending grades of alcohol,
(25%, 50% and 70% ethanol) for 15 minutes
each step, 95% et ha nol for 30 minutes a nd
subsequently with 100% ethanol for 60 minutes [1].
Afterwards, the samples were mounted on aluminum
stubs, gold-sputter coated and evaluated under
SEM in secondary electron mode (SE). Serial SEM
microphotographs of the surfaces of each specimen
at 1,000, 5000 and 15000× original magnification
were obtained [18].

Dentin morphology analyses were performed
qualitatively. Samples obtained from the same slice
were compared between the different treatments
and samples from different slices were compared
between the same treatment to verify a pattern.

Atomic Force Microscopy (AFM)
One sample of each group were observed with
an AFM equipped with a piezoelectric scanner,
which can cover an area of 100 × 100 µm2 with a

Results
In a qualitative analysis, the results showed
different application sequences of the ozone and
phosphoric acid, as the sodium ascorbate application
after the use of the ozone generated differences
in the dentin micromorphology in relation to the
control group, with only the acid etching for 15
seconds (figures 1, 2, 3 and 4).

Figure 1 – a) SEM image of the group 1 (control), exposition of the collagen fibrils; b) 3D model generated by AFM
of the group 1 (control). Lower topographic standardization and smaller opening of the dentin tubules
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Figure 2 – a) SEM image of the group 2, exposition of the collagen fibrils, dentin tubules partially obliterated
because of smear plug and smear layer; b) 3D model generated by AFM, pronounced irregularity in the opening of
the dentin tubules and in the surface

Figure 3 – a) SEM image of the group 3, “clean” surface aspect, it is not possible to observe the presence of collagen
fibrils; b) 3D model generated by AFM. Darker peaks, uniform demineralization and increase in the diameter of the
dentin tubules

Figure 4 – a) SEM image of the group 4, exposed collagen fibrils, dentin tubules partially obliterated because of
smear plug and smear layer; b) 3D model generated by AFM, increase in the diameter of dentin tubules, pronounced
irregularity in the opening of the tubules and in the surface
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In the SEM images of the groups 2 and 4
(figures 2a and 4a), in which the acid was used
after the ozone, the dentin tubules remained
partially obliterated because of smear plug and
smear layer presence, with granules in the dentin
surface of the group 2. Besides this, the intertubular
dentin presented modified, with exposition of the
collagen fibrils in these two groups cited, like
in the control group (figure 1a). Therefore, the
morphological pattern of the dentin remained the
same, even with the acid etching after the ozone
application and when the sodium ascorbate was
used when compared to the control group. In the
group 3 (figure 3a), when the acid was used before
the ozone, demineralization of the dentin was
observed, promoting one “clean” surface, however,
there were changes in the intertubular dentin
and it was not possible to observe in none of the
images the presence of the collagen fibrils, which
were observed in all the other groups (1, 2 and 4).
In the AFM images, darker peaks and with
greater depth were observed in the group 3
(figure 3b), this group presented a more uniform
demineralization when compared to the other
groups. While in the groups 1, 2 and 4 (figures 1a,
1b and 4b respectively) there is a more pronounced
irregularity, both the opening of the tubules and
in the topography of the surface presenting lower
topographic standardization. Besides this, smaller
openings of the dentin tubules were observed in
the groups 1 and 2. Whereas, when one acid was
used before the ozone, like in the group 3, an
increase in the diameter of the dentin tubules was
observed, suggesting greater removal of the smear
layer, because of the use of phosphoric acid. Same
can be observed in the group 4, when two-acid
application at the dentin were made, although the
ozone gas was applied prior to the acid.

Discussion
Although it is known the effectiveness of the
ozone in carious lesion treatments [1-4, 26] the
high oxidation activity of this molecule can modify
some physical and mechanical properties of the
enamel and dentin [6]. It was observed in this
study that the ozone gas was able to modify the
dentin morphology, that is, the application changed
physical properties of the dentin.
Studies of Rodrigues et al. [21] and Dalkilic
et al. [10] showed the microtensile bond strength
decreased when the ozone gas was applied to the
dentin when compared to the application only of the
phosphoric acid or the self-etch adhesive system. In

the experimental group of this study in which the
acid etching was performed followed by the ozone
application there was a lack of exposed collagen
fibrils, in other words, the low bond strength value
can be result of the collagen fibrils collapse because
of the ozone gas application, impairing the dentin
hybridization to an adequate adhesion.
Cadenaro et al. [6] implied some effects of
the oxygen free radicals produced by bleaching
agents based on hydrogen peroxide during the
use of ozone. Additionally, Cortez et al. [8] and De
Carvalho [11] verified after the dental bleaching,
the sodium ascorbate 10% application was effective
in reversing the bond strength, whose values
had decreased comparing to when the tooth was
only bleached. Briso et al. [5] observed that 10%
sodium ascorbate after the dental bleaching, both
with carbamide peroxide and hydrogen peroxide
increased the hybrid layer thickness and the length
of the resin tags, improving the bond strength
values. Whereas in the groups where the sodium
ascorbate was used after the ozone application, both
in the present research and in the study carried
out by Rodrigues et al. [21], the results were like
those found on the control group, consequently, the
antioxidant was able to stabilize the oxygen free
radicals resulting of the ozone oxidation
Besides this alteration in the dentin morphology
because of the free radicals, the ozone in the gaseous
form can change the architecture of the collagen
fibrils exposed due to the acid etching [5]. In an
adhesive procedure, for efficient hybridization of
the dentin tissue, the acid etching promotes dentin
demineralization and expose the collagen fibrils,
which remain expanded by the water presence
[5] preserving the interfibrillar spaces for the
subsequent infiltration of the adhesive agent [5, 6].
Thus, to prevent the over dryness of the dentin, the
removal of water excess should not be performed
with air jets directly at the etched dentin, because it
may cause a collapse of the collagen fibrils network
and thus impair the adhesion [5, 20]. This fact can
explain the non-visualization of the collagen fibrils
exposed in the group in which the ozone gas was
applied with the air of the triple syringe right after
the acid etching, leading to the probable collapse
of these collagen fibrils.
Smea r layer debris a nd t he lack of
standardization in the diameter of the dentin
tubules observed in the use of the ozone before
the acid etching, even when the antioxidant was
present, suggest a lower effectiveness of surface
etching, which may have occurred through the
interaction of ozone with phosphoric acid. The
literature is scarce about the oxidation reaction of
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Conclusion
Results of this study support that the use of
ozone before acid etching changes its efficacy in
removal of the smear layer. The same effect can
be observed when sodium ascorbate is used, but
with less intensity and when ozone is used after
the phosphoric acid, the dentin microstructure
has changed, probably due to collapsed collagen
fibrils and this can be a harmful factor to the bond
strength of adhesive agents.

References
1. Azarpazhooh A, Limeback H. The application of
ozone in dentistry: a systematic review of literature.
J Dent. 2008;36(2):104-16.
2. Baysan A, Lynch E, Grootveld M. The use of
ozone for the management of primary root caries.
In: Albrektsson TO, Bratthall D, Glantz P-OJ,
Lindhe JT. Tissue preservation in caries treatment.
Copenhagen: Quintessence; 2001.
3. Baysan A, Lynch E. The use of ozone in dentistry
and medicine. Part 2. Ozone and root caries. Prim
Dent Care. 2006;13(1):37-41.
4. Beretta M, Federici Canova F. A new method
for deep caries treatment in primary teeth usi ng
ozone: a retrospective study. Eur J Paediatr Dent.
2017;18(2):111-5.
5. Briso A, Rahal V, Sundfeld R, Santos P,
Alexandre R. Effect of sodium ascorbate on dentin
bonding after two bleaching techniques. Oper Dent.
2014;39(2):195-203.

6. Cadenaro M, Delise C, Antoniollo F, Navarra O,
Lenarda RD, Breschi L. Enamel and dentin bond
strength following gaseous ozone application. J
Adhes Dent. 2009 Aug;11(4):287-92.
7. Chng HK, Palamara JE, Messer HH. Effect
of hydrogen peroxide and sodium perborate on
biomechanical properties of human dentin. J
Endod. 2002;28(2):62-7.
8. Cortez TV, Ziotti IR, Scatolin RS, Corona SA,
Souza-Gabriel AE. Protocols for sodium ascorbate
application on intracoronary dentin bleached with
high-concentrated agent. J Conserv Dent. 2018
Jan;21(1):26-31.
9. Curylofo FA, Messias DCF, Silva-Sousa YTC,
Souza-Gabriel AE. Bond strength of restorative
material to dentin submitted to bleaching and
Er:YAG laser post-treatment. Photomed Laser
Surg. 2014;32(9):495-9.
10. Dalkilic EE, Arisu HD, Kivanc BH, Uctasli MB,
Omurlu H. Effect of different disinfectant methods
on the initial microtensile bond strength of a selfetch adhesive to dentin. Lasers Med Sci. 2012 Jul
1;27(4):819-25.
11. De Carvalho HC, Guiraldo RD, Poli-Frederico
RC, Maciel SM, Moura SK, Lopes MB et al.
Correlation between antioxidant activity and
bonding strength on bleached enamel. Acta
Biomater Odontol Scand. 2016;2(1):102-7.
ˆ

the phosphoric acid. Mill in 1979 [17] proposed the
use of hydrogen peroxide like source of oxygen free
radicals to the oxidation of some acids and other
substances, between them the phosphoric acid, the
research revealed the hydrogen peroxide, in the
concentration used, is efficient in the oxidation of
many compounds, such as phosphorus acid salts,
therefore is possible that in this research the ozone
interacted with phosphoric acid and reduced the
effectiveness of the acid etching.
Finally, due to the limitations of this research,
more studies are necessary to evaluate the ozone
effect on the dentin surface, the interaction with
the phosphoric acid, self-etching and universal
adhesive systems.

12. Gökçe B, Çömlekoglu ME, Özpinar B, Türkün
M, Kaya AD. Effect of antioxidant treatment on
bond strength of a luting resin to bleached enamel.
J Dent. 2008;36(10):780-5.
13. Güler E, Gönülol N, Özyilmaz ÖY, Yücel AÇ.
Effect of sodium ascorbate on the bond strength
of silorane and methacrylate composites after vital
bleaching. Braz Oral Res. 2013;27(4):299-304.
14 Kazancioglu HO, Erisen M. Comparison of
low-level laser therapy versus ozone therapy in
the treatment of oral lichen planus. Ann Dermatol.
2015;27(5):485-91.
15. Lai SC, Tay FR, Cheung GS, Mak YF, Carvalho
RM, Wei SH et al. Reversal of compromised bonding
in bleached enamel. J Dent Res. 2002;81(7):
477-81.
16. Marshall Jr GW, Balooch M, Tench RJ, Kinney
JH, Marshall SJ. Atomic force microscopy of acid
effects on dentin. Dent Mat. 1993 Jul 1;9(4):265-8.

91 – RSBO. 2020 Jul-Dec;17(2):85-91
Souza et al. – Characterization of dentin morphology after application of ozone and sodium ascorbate by scanning electron
microscopy and atomic force microscopy

17. Mill T, Gould C. Free-radical oxidation of
organic phosphonic acid salts in water using
hydrogen peroxide, oxygen, and ultraviolet light.
Environ Sci Technol. 1979;13(2):205-8.
18. Nagayoshi M, Kitamura C, Fukuizumi T,
Nishihara T, Terashita M. Antimicrobial effect
of ozonated water on bacteria invading dentinal
tubules. J Endod. 2004;30(11):778-81.
19. Nogales CG, Ferreira MB, Montemor AF,
Rodrigues MFA, Lage-Marques JL, Antoniazzi JH.
Ozone therapy as an adjuvant for endondontic
protocols: microbiological – ex vivo study
and citotoxicity analyses. J Appl Oral Sci.
2016;24(6):607-13.
20. Pashley DH, Carvalho RM. Dentine permeability
and dentine adhesion. J Dent. 1997;25(5):355-72.
21. Rodrigues P, Souza J, Soares C, Lopes L,
Estrela C. Effect of ozone application on the resindentin microtensile bond strength. Oper Dent.
2011;36(5):537-44.
22. Rusin RP, Agee K, Suchko M, Pashley DH. Effect
of a new desensitizing material on human dentin
permeability. Dent Mater. 2010;26(6):600-7.

23. Sivalingam VP, Panneerselvam E, Raja KVB,
Gopi G. Does topical ozone therapy improve
patient comfort after surgical removal of impacted
mandibular third molar? A randomized controlled
trial. J Oral Maxillofac Surg. 2017;75(1):e51-9.
24. Taşdemir Z, Alkan BA, Albayrak H. Effects
of ozone therapy on the early healing period of
deepithelialized gingival grafts: a randomized
placebo-controlled clinical trial. J Periodontol.
2016;87(6):663-71.
25. Unal M, Oztas N. Remineralization capacity of
three fissure sealants with and without gaseous
ozone on non-cavitated incipient pit and fissure
caries. J Clin Pediatr Dent. 2015;39(4):364-70.
26. Vongphan N, Senawongse P, Somsiri W,
Harnirattisai C. Effects of sodium ascorbate
on microtensile bond strength of total-etching
adhesive system to NaOCl treated dentine. J Dent.
2005;33(8):689-95.

