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Incorporation of bioactive glass-ceramic

into coconut oil for remineralization of
incipient carious lesions

Jessica Dantas Abreu @1, Stéphanie de Oliveira Silva @1, Ayodele Alves
Amorim 2, Eduardo José Soares @1, Rocio Geng-Vivanco 2, Carolina
Noronha Ferraz de Arruda 3 Fernanda de Carvalho Panzeri Pires-de-
Souza @2,

This study evaluated the efficacy of incorporating different concentrations of
bioactive glass-ceramic (Biosilicate) into coconut oil on the remineralizing
potential and surface roughness of white spot lesions. Fragments (6 x 6 x 2mm)
of bovine teeth were sectioned and initial microhardness (KHN) and surface
roughness (Ra) readings were obtained. The samples were submitted to
cariogenic challenge to form white spot lesions and were separated into six
groups (n=13): 1) Artificial Saliva (AS); 2) Coconut Qil (CO); 3) CO+2%
Biosilicate (CO+2%Bio): 4) CO+5% Biosilicate (CO+5%Bio); 5) 2% Biosilicate
Suspension (2% Bio) and 6) 5% Biosilicate Suspension (5% Bio). The treatments
for 1 cycle/day were: immersion into the treatments for 5 minutes, rinsing in
distilled water, and storage in artificial saliva at 37°C. After 14 days, KHN and
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(Kruskal-Wallis, Dunn's post-test, p<0.05). CO+2%Bio had higher (p = 0.0013)
ORa followed by CO+5%Bio (p = 0.0244) than AS. The relative KHN and
remineralization potential were analyzed (ANOVA, Tukey, p<0.05), and 5% Bio
treatment presented a higher relative microhardness than all other groups
(p>0.05). The remineralizing potential of all the treatments was similar (p >
.05). When Biosilicate was added, the pH of the suspensions increased and the
alkaline pH remained during the analysis. Biosilicate suspension is more
efficient than the incorporation of particles into coconut oil at white spot
lesion treatment. In addition to the benefits that coconut oil and Biosilicate
present separately, their association can enhance the remineralizing potential
of Biosilicate.

Key Words: Dental caries,
Coconut oil, Biosilicate, Glass-
ceramic, Tooth remineralization.

Introduction

Dental caries is a multifactorial disease with slow progression, which involves a dysbiosis
of the microbial community due to the increase of acidogenic bacteria, a consequence of different
factors such as excessive and frequent intake of sugars in the diet, salivary flow and composition,
oral hygiene, fluoride exposure, in addition to behavioral and socioeconomic factors (1). White
spot lesions can be considered the first sign of dental caries and exhibit increased porosity and
could present a rough surface (2,3), however, at this stage the caries disease can be reversed (4).
Therefore, well-established hygiene and prevention strategies are necessary to reverse this
situation and achieve oral health.

The removal of biofilm through oral hygiene is the most efficient method to prevent caries
disease. Fluoride-based products, such as toothpaste, are the most commonly used for this purpose
(5). These products form F reservoirs on the enamel surface in the form of calcium fluoride crystals
(CaF,) or fluorapatite (6), slowing down the demineralization and promoting remineralization of
incipient lesions (7,8). However, nowadays, alternative protocols regarding natural products are in
focus due to their simple use, as elaborate processes are not required to formulate or obtain the
agent, minimal side effects, and low cost.

Biosilicate, a bioactive glass-ceramic characterized by fully crystallized particles, has been
developed to merge the mechanical bioactivity of glass with the strength of glass ceramics (9). It
boasts antimicrobial properties and exhibits potential for remineralizing dental structures, along
with demonstrated effectiveness in bone regeneration (10). Biosilicate is known to interact with


https://orcid.org/0000-0002-6205-1968
https://orcid.org/0000-0001-9237-877X
https://orcid.org/0000-0001-8696-3999
https://orcid.org/0000-0003-2819-9712
https://orcid.org/0000-0003-0584-9401
https://orcid.org/0000-0003-0850-461X
https://orcid.org/0000-0002-1455-1538

bodily fluids, forming a layer of hydroxycarbonate apatite (HCA). Additionally, studies have
underscored its capability to promote the remineralization of erosive and carious lesions (11) and
its role in remineralizing and sealing dentinal tubules, which contributes to the reduction of dentin
hypersensitivity (12). The presence of fluids, as found in the oral cavity, further enhances
Biosilicate's capacity to elevate local pH, thus fostering oral health maintenance (13).

Given Biosilicate's strong reactivity in the presence of fluids and its favorable impact on
oral pH regulation (9), coconut oil has emerged as a promising option for preserving these valuable
attributes of Biosilicate. Beyond serving as a carrier for Biosilicate, coconut oil, derived from Cocos
nucifera, possesses notable properties conducive to oral health preservation (13,14). Coconut oil
is endowed with anti-inflammatory, antibacterial, and antiviral properties (15). Its composition
comprises 92% saturated fatty acids, with lauric acid accounting for 49% (16). Lauric acid exerts
its effects against both gram-positive and gram-negative bacteria, as well as lipid-coated viruses,
via physicochemical mechanisms (16). Consequently, coconut oil offers a viable avenue for
incorporating active constituents and subsequently releasing them into the oral cavity (17). It is
worth noting, however, that fluoride cannot be dissolved into coconut oil (18).

This study evaluated the efficacy of the incorporation of different concentrations of
Biosilicate into coconut oil regarding the surface roughness and remineralizing effect of induced
enamel white spot lesions. The hypotheses were that the incorporation of Biosilicate into coconut
oil would remineralize the white spot lesions and, consequently, prevent or reduce the change in
surface roughness on dental enamel.

Materials and methods

Sample preparation

Seventy-eight bovine teeth fragments (6 x 6 x 2 mm) were obtained using a low-speed
diamond disc under water cooling in a metallographic cutter (Isomet 1000, Isomet, Buehler, Lake
Bluff, IL, EUA). The enamel surface was flattened under refrigeration, with SiC sandpaper in
decreasing granulations of 600 and 1200-grit, to standardize the surface roughness (above 0.2
um). The sample size (n = 13) was calculated based on a pilot study, comparing means of
microhardness, and using www.openepi.com, with a 95 % confidence interval and power of 80 %.

Evaluated properties

Surface roughness analysis

Surface roughness readings were performed before (initial readings) and after (final
readings) the treatments. At each time of analysis, three readings were performed on each sample
using a rugosimeter (Surfcorder SE 1700, Kosakalab, Tokyo, Japan): in the middle of the sample, 1
mm to the left, and 1 mm to the right. The mean of these three readings was considered as the
surface roughness value. The surface roughness alteration was calculated using the formula:

|]Ra = Rar - Ra;
Where, Ra;is the initial surface roughness value and Ray, is the final one.

Microhardness analysis

In the Knoop microhardness analysis (Micro Hardness Tester HMV-2, Shimadzu, Tokyo,
Japan), a statical vertical load of 25 g was applied for 5 seconds. Microhardness readings were
performed before the cariogenic challenge (initial reading), after the cariogenic challenge, and
after the treatments. Similar to the surface roughness readings, at each time of analysis, three
measurements were done: in the middle of the sample, 1 mm to the right, and 1 mm to the left.
The mean of the three readings was considered as the microhardness value.

To calculate the relative microhardness, the following formula was used:

OKHNr = (KHN¢ - KHN;)/KHN;
Where, KHN; is the initial microhardness value and KHN; is the final one.
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The remineralizing potential of each treatment was also calculated using the formula:
RP(%) = (KHN; = KHNJ/(KHN; - KHNJ) x 100

Where KHN; is the final reading; KHN;, is the initial one, and KHN_. is the reading performed
after the cariogenic challenge.

Cariogenic challenge

All the fragments were submitted to cariogenic challenge to produce white spot lesions.
The dentin surfaces were protected with acid-resistant nail varnish (Colorama, L'Oréal Brazil, Rio
de Janeiro, RJ, Brazil) and fixed in the bottom of the vial used. The fragments were then covered
with 1.5 mL of 6 % carboxymethylcellulose demineralizing gel at a pH of 4.6 and stored at 4 °C
for 12 h (19). Subsequently, 1.5 mL of 0,1 M lactic acid (pH = 4.6) adjusted with 10 M NaOH was
poured over the specimens, which were incubated for 14 days at 37 °C (19).

At the end of the cariogenic challenge, the specimens were rinsed with distilled water,
dried with absorbent paper, and stored in Eppendorf tubes filled with artificial saliva at 37 °C. The
fragments were separated into six groups (n = 13) and placed in petri plates according to the
treatments they were submitted.

Protocols

The pH of the proposed protocols (Table 1) was measured using a digital pH meter (Kasvi
model K39-2014B, Parana, Brazil). For control groups (artificial saliva and coconut oil), only initial
measurements were performed. For the other groups, the measures were done after 5, 15, and 25
minutes of addition of Biosilicate.

Table 1. Distribution of the experimental groups.

Group Treatment
AS Artificial saliva
CO Coconut oil
CO+2% Bio Coconut oil + 29% Biosilicate
CO+5% Bio Coconut oil + 5% Biosilicate
2% Bio 2% Biosilicate suspension
5% Bio 5% Biosilicate suspension

Artificial saliva was prepared with 0.1665 g of calcium chloride, 0.133 g of monosodium
phosphate, 11.184 g of potassium chloride, 0.02 g of sodium azide, and 2.4228 g of Tris buffer;
diluted in 1 L of deionized water (20). This solution was stored in an appropriate bottle, protected
from light. No preparation was required for the coconut oil (Copra, Copra Industria Alimenticia,
Alagoas, Brazil) applied alone.

Biosilicate was used in concentrations of 2% and 5% (wt%). To prepare the suspensions
in distilled water, 30 mL of distilled water were mixed with 0.006 g and 0.015 g of Biosilicate
particles, resulting in 2% and 5% suspensions, respectively, based on the calculated mass (Density
of water is 1 g/mL).

For the suspensions in coconut oil, considering the high density (0.92 g/mL) of this
vegetable oil and that Biosilicate needs water to react, 0.99 mL of Tween 20 (Sigma-Aldrich,
Darmstadt, Germany) and 20 mL of artificial saliva were added to 30 mL of coconut oil. Then, 0.33
g and 0.78 g of Biosilicate particles were added to obtain 2% and 5% suspensions, respectively. In
both suspensions (water and coconut oil-based), the Biosilicate particles were added immediately
before application. All the solutions were prepared immediately before use.

Each solution/suspension (30mL) was dispensed into the Petri plates and the samples were
immersed for 5 minutes under shaking (150 rpm). They were then rinsed with distilled water for 1
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minute and stored in artificial saliva at 37 °C until the next day. This cycle was performed once a
day for 14 days. For samples immersed in saliva, they remained in contact with the saliva
throughout the 14 days.

Statistical analysis

Initially, data were tested for normality using the Shapiro-Wilk test. The data distribution
was considered non-normal for surface roughness, and normal regarding the relative
microhardness and remineralizing potential. Thus, the surface roughness data were analyzed using
Kruskal-Wallis and Dunn's test; and the microhardness and remineralizing potential by one-way
ANOVA and Tukey's test, all with 95 % significance level.

Results

Surface roughness analysis

A comparison of the surface roughness alteration mean values is presented in Figure 1.
C0+2%Bio and CO+5%Bio presented higher (p < .05) surface roughness alteration than AS, with

no difference (p > .05) between them. All the other groups presented no significant differences (p
> .05).

0.0244

0.10- | 0.0013

0.05-

0.00 | | | |

-0.05

ARa

-0.10

AS co CO+2%Bio CO+5%Bio 2% Bio 5% Bio

Figure 1. Comparison of surface roughness alteration among the groups.

Microhardness analysis

A comparison of the relative microhardness mean values is shown in Figure 2. 5% Bio
resulted in higher relative microhardness than all the other groups (p < .05), which presented no
significant differences between them (p > .05).

A comparison of the remineralizing potential mean values can be seen in Table 2. The
remineralizing potential of all the treatments was similar (p > .05).
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Figure 2. Comparison of the relative microhardness values among the groups.
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Table 2. Mean comparison (standard deviation) for the remineralizing
potential (%) of the treatments (one-way ANOVA, Tukey, p < 0.05).

Treatment Remineralizing potential (%)
AS 24 (7)
o 28 (18)
C0+29% Bio 38 (17)
CO+5% Bio 38 (21)
2% Bio 25(9)
5% Bio 26 (12)

For all comparisons, p > .05

Dynamic pH evaluation

pH values of the proposed treatments are described in Figure 3. The addition of Biosilicate
particles immediately increased the pH of the suspensions and the alkaline pH remained during
all the analysis.

pH Evaluation

10
CO+5% Bio e- 5% Bio
e e T T T T T e ORI
9 b I e T 2% Bio
8
7
AS
6 0 Fm e s s e s e mmo- - co
5
5 min 15 min 25 min
Figure 3. pH values over time for the proposed treatments.
Discussion

This study aimed to evaluate the effect of different concentrations of Biosilicate (2 % and
5 %) incorporated into coconut oil on the remineralizing potential and surface roughness of
enamel surfaces with white spot lesions. The hypothesis tested was that the incorporation of
Biosilicate into coconut oil would remineralize the white spot lesions and preserve its surface
roughness. Based on the results found, regarding microhardness, the hypothesis was rejected since
the incorporation of Biosilicate into coconut oil resulted in a similar remineralizing potential to
artificial saliva.

In the present study, artificial saliva showed similar relative microhardness values and
remineralizing potential to the experimental treatments, except for 5% Bio which showed the
highest relative microhardness (p < .05). Artificial saliva was considered as a control protocol in
the present study as it is the most important biological factor for dental caries resistance (21). Its
buffering capacity helps maintain a relatively neutral pH in the oral cavity that protects teeth and
oral mucosa (22). In addition, salivary components contribute to the formation of the acquired
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pellicle covering the tooth surfaces (23), which acts as a natural barrier to prevent direct contact
with acids and modulates the calcium, phosphate, and fluoride concentration on the surface (24).

Coconut oil is high in saturated fatty acids, mostly lauric acid (25). The lauric acid is a
medium-chain fatty acid that in contact with enzymes is converted into monolaurin. Coconut oil
has a high saponification value (26). The lauric acid reacts with sodium hydroxide in saliva to form
sodium laurate which is responsible for its cleansing action and prevents plaque adhesion and
accumulation (25). In the present study, the enamel demineralization was performed without
microorganisms, so there was no plaque on the enamel surface. However, coconut oil could have
had a cleaning ability, allowing direct contact of the enamel with the saliva (27).

Additionally, previous studies demonstrated that vegetable oils can modulate the
composition and ultrastructure of the acquired pellicle making it even more resistant to acid
challenges (28,29). Besides, coconut oil can remineralize the subsurface of the dental enamel (30)
due to the high bioavailability of calcium in the coconut (15,31).

In this current research, we examined the potential of coconut oil, both alone and in
combination with Biosilicate, in promoting remineralization. Our findings indicated that coconut
oil exhibited remineralizing properties and yielded microhardness values similar to those observed
with artificial saliva.

It is plausible that coconut oil operates in conjunction with saliva, facilitating a chemical
reaction between the lauric acid present in coconut oil and the sodium hydroxide in saliva. This
reaction likely results in the formation of sodium laureate, which is responsible for the cleansing
effect on the tooth surface (31). This mechanism enhances the proximity of coconut oil to the
tooth enamel, enabling interaction with the salivary components in the oral environment.

However, it is essential to note that the study did not permit sufficient time to fully
explore the extent of coconut oil's contribution to the enamel remineralization process. Therefore,
the results obtained in this investigation primarily underscore the role of saliva (31 and 32) in
promoting remineralization. Further research is required to comprehensively elucidate the specific
impact of coconut oil on this process.

Biosilicate has shown efficacy in reducing dentin hypersensitivity and controlling caries
and erosive lesions (11,31) due to its ability to remineralize the tooth structure and occlude the
dentinal tubules (12,32,33). It forms HCA on hard tissues. Initially, in contact with fluids, the
Biosilicate particles are dissolved, and alkaline ions are released producing a rapid increase in the
local pH, as seen in Figure 3, where all the treatments with Biosilicate resulted in pH above 8.8. In
an alkaline environment, silanols are formed to develop a silica gel layer on the tooth surface that
stimulates the ionic exchange between the bioactive glass and the environment. Calcium and
phosphate ions provided by the Biosilicate diffuse and form an amorphous calcium phosphate
layer on the silica gel that is then crystallized into hydroxycarbonate apatite (9).

In previous studies (11,12,31-33) the concentration of Biosilicate tested was 10 % in
suspension. To our knowledge, there is no previous evidence in the literature evaluating the effect
of lower concentration of Biosilicate, as we tested in the present study. Considering our results,
the concentration of Biosilicate is relevant for the remineralization of white spot lesions. 5% Bio
presented higher relative microhardness than all the other groups (p < .05).

To saponify vegetable oils, an alkaline solution is required (34,35). The addition of
Biosilicate could have boosted the saponification of the coconut oil resulting in higher cleaning
efficiency. However, in the present study, the incorporation of Biosilicate into coconut oil did not
increase the microhardness of the enamel with white spot lesions. Those groups presented similar
remineralizing potential and relative microhardness than the other groups, except for 5% Bio (p
< .05). Biosilicate needs time to interact with the dental substrates, and our results are justified
by the delayed dissolution of Biosilicate particles in saliva due to the presence of coconut oil. The
oil decreases the wettability of the saliva on the Biosilicate particles, and it would be necessary
more time for the complete dissolution of this biomaterial. Conversely, 5 % Biosilicate suspension
demonstrated the highest relative microhardness probably because Biosilicate particles were
previously mixed with distilled water, facilitating their contact with the enamel surface. Regarding
the surface roughness alteration, the hypothesis was also rejected, since 2 % and 5 % Biosilicate
associated with coconut oil produced a rougher surface than the control group (artificial saliva).
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Before the treatment, the samples were submitted to cariogenic challenge to produce
white spot lesions. The demineralization process increases the porosity of the enamel surface, and
consequently, the surface roughness is increased (36). As observed in the microhardness results,
even after the treatment, full remineralization was not achieved, so probably the surface would
still be porous. As mentioned before, the application time of the coconut oil was not sufficient
for enamel remineralization, and it prevented the dissolution of the Biosilicate particles. Moreover,
a higher concentration of Biosilicate particles would be required. Despite that, the surface
roughness alteration values did not reach the critical limit to promote dental biofilm retention (>
0,2 um)(37).

This in vitro study presented an alternative preventive strategy for a common clinical
situation in children: Sugar intake, mainly between meals, that causes constant low pH. Nearly 50
percent of beverages consumed by developed countries are sugar-sweetened beverages (38), and
the consumption of these beverages will keep rising at about 2-3 % annually (39). Even though
saliva can neutralize acids (35), in low pH environments below pH 5.5, the phosphate and calcium
concentrations in saliva are reduced and its buffer capacity decreases (2,3,40). Thus, in such cases,
a treatment capable of rapidly increasing the pH and presenting antimicrobial properties could be
an excellent alternative. Besides, if the treatment presented remineralizing potential, it could
decrease mineral loss, even without performing oral hygiene with fluoride-based toothpaste.

The results of the present study are promising; however, further studies are necessary to
consolidate this evidence. An in situ study would be interesting to evaluate the treatments in a
real clinical condition.

So, it was concluded that the Biosilicate is efficient for the treatment of white spot lesions.
However, when incorporated into coconut oil it has less efficacy than when applied in a
suspension. Besides, the concentration of Biosilicate particles affects its remineralizing capacity.

Resumo

Este estudo avaliou a eficacia da incorporacdo de diferentes concentracdes de
vitroceramica bioativa (biosilicato) ao 6leo de coco no potencial remineralizante e na rugosidade
superficial de lesdes de manchas brancas. Fragmentos (6 x 6 x 2mm) de dentes bovinos foram
seccionados e as leituras iniciais de microdureza (KHN) e rugosidade superficial (Ra) foram obtidas.
As amostras foram submetidas ao desafio cariogénico para formacio de lesdes de manchas
brancas e foram separadas em seis grupos (n=13): 1) Saliva Artificial (AS); 2) Oleo de Coco (CO);
3) CO+2% Biosilicato (CO+2%Bio); 4) CO+5% Biosilicato (CO+5%Bio); 5) Suspensio de Biosilicato
2% (2% Bio) e 6) Suspensdo de Biosilicato 5% (5% Bio). Os tratamentos de 1 ciclo/dia foram:
imersao nos tratamentos por 5 minutos, enxague em agua destilada e armazenamento em saliva
artificial a 37°C. Apds 14 dias, foram feitas as leituras de KHN e Ra. A alteracdo da rugosidade
superficial ((JRa) foi analisada (Kruskal-Wallis, pds-teste de Dunn, p<0,05). CO+2%Bio apresentou
maior (p = 0,0013) [JRa sequido de CO+5%Bio (p = 0,0244) do que AS. O KHN relativo e o potencial
de remineralizagdo foram analisados (ANOVA, Tukey, p<0,05), e o tratamento 5% Bio apresentou
uma microdureza relativa maior do que todos os outros grupos (p>0,05). A suspenséo de biosilicato
¢ mais eficiente que a incorporacio de particulas ac dleo de coco no tratamento de lesdes de
mancha branca. Além dos beneficios que o 6leo de coco e o Biosilicato apresentam separadamente,
sua associacdo pode amplificar o potencial remineralizante do Biosilicato.

References

1. Tanner ACR, Kressirer CA, Rothmiller S, Johansson |, Chalmers NI. The Caries Microbiome: Implications
for reversing dysbiosis. Adv Dent Res. 2018,29:78-85.

2. Kachuie M, Khoroushi M. Prevention and treatment of white spot lesions in orthodontic patients. Contemp
Clin Dent. 2017;8(1):11.

3. Hemadi AS, Huang R, Zhou Y, Zou J. Salivary proteins and microbiota as biomarkers for early childhood
caries risk assessment. Nat Publ Gr. 2017;9: pp.e1-e1.

4. Paula ABP, Fernandes AR, Coelho AS. Therapies for White Spot Lesions- A systematic review. J Evid Based
Dent Pract. 2017;17:23-38.

88



5. Horst JA, Tanzer JM, Milgrom PM. Fluorides and other preventive strategies for tooth decay. Dent Clin
North Am. 2018;62:207-234.

6. Nobrega DF, Leitdo TJ, Cury JA, Tenuta LMA. Fluoride binding to dental biofilm bacteria: synergistic effect
with calcium questioned. Caries Res. 2019;53:10-15.

7. Figuero E, Nobrega DF, Garcia-Gargallo M, Tenuta LMA, Herrera D, Carvalho JC. Mechanical and chemical
plaque control in the simultaneous management of gingivitis and caries: a systematic review. J Clin
Periodontol. 2017;44:S116-34.

8. Fernandez CE, Tenuta LMA, Cury JA. Validation of a Cariogenic Biofilm Model to Evaluate the Effect of
Fluoride on Enamel and Root Dentine Demineralization. Milgrom PM, editor. PLOS ONE. 2016 Jan
5;11(1):e0146478.

9. Crovace MC, Souza MT, Chinaglia CR, Peitl O, Zanotto ED. Biosilicate®- A multipurpose, highly bioactive
glass-ceramic in vitro, in vivo and clinical trials. J Non Cryst Solids. 2016;432:90-110.

10. Jones JR, Gentleman E, Polak J. Bioactive glass scaffolds for bone regeneration. Elements. 2017;3:393-399.
11. Chinelatti MA, Tirapelli C, Corona SAM. Effect of a bioactive glass ceramic on the control of enamel and
dentin erosin lesions. Braz Dent J. 2017,;28:489-497.

12. Huang X, Li R, Feng Y, Wang Y. Remineralization of demineralized dentin induced by bioactive glass
novamin. J Cent South Univ. 2018;43:616-624.

13. Shanbhag VKL. Qil pulling for maintaining oral hygiene - A review. J Tradit Complement Med. 2017;7:106-
109.

14. Woolley J, Gibbons T, Patel K, Sacco R. The effect of oil pulling with coconut oil to improve dental hygiene
and oral health: A systematic review. Heliyon. 2020;6:€04789.

15. Deen A, Visvanathan R, Wickramarachchi D, Marikkar N, Nammi S, Jayawardana BC, et al. Chemical
composition and health benefits of coconut oil: an overview. J Sci Food Agric. 2020;101(6).

16. Dayrit FM. The properties of lauric acid and their significance in coconut oil. J Am Qil Chem Soc. 2015;92:1-
15.

17. Javanbakht S, Shaabani A. Carboxymethyl cellulose-based oral delivery systems. Int J Biol Macromol. 2019
Jul;133:21-9.

18. Reynolds JG, Belsher JD. A review of sodium fluoride solubility in water. J Chem Eng Data. 2017;62:1743-
1748.

19. Ferreira AC, Franco R, Oliveira L. Remineralization of caries-affected dentin and color stability of teeth
restored after treatment with silver diamine fluoride and bioactive glass ceramic. Clin Oral Investig.
2022,26:4805-4816.

20. Araujo L, Amorim AA, Vivanco RG, Noronha C, Bikker FJ, Pires de Souza FCP. The effect of Phytosphingosine
and bioactive glass-ceramics in preventing dental enamel erosion. Braz Dent J. 2023;34(2):88-96.

21. Wade WG. Resilience of the oral microbiome. Perio 2000 2021;86:113-122.

22. Bechir F, Pacurar M, Tohati A, Bataga SM. Comparative Study of Salivary pH, Buffer Capacity, and Flow in
Patients with and without Gastroesophageal Reflux Disease. Inter J Of Envir Res and Public Heal. 2022;19:201.
23. Hannig M, Hannig C. The pellicle and erosion. Monogr Oral Sci. 2014;25:206-214.

24. Chawhuaveang DD, Yu QY, Yin IX, Lam WYH, Mei ML, Chu CH. Acquired salivary pellicle and oral diseases:
a literature review. J Dent Sci. 2021;16:523-529.

25. Peedikayil FC, Sreenivasan P, Narayanan A. Effect of coconut oil in plaque related gingivitis - A preliminary
report. Niger Med J. 2015;56:143-147.

26. Medeiros De Azevedo W, Ferreira L, De Oliveira R. Physicochemical characterization, fatty acid profile,
antioxidant activity and antibacterial potential of cacay oil, coconut oil and cacay butter. Plos One
2020;15:€0232224.

27. Vukosavljevic D, Custodio W, Buzalaf MAR, Hara AT, Siqueira WL. Acquired pellicle as a modulator for
dental erosion. Arch Oral Biol. 2014;59:631-638.

28. Hannig C, Kirsch J, Al-Ahmad A, Kensche A, Hannig M, Kummerer K. Do edible oils reduce bacterial
colonization of enamel in situ? Clin Oral Investig. 2013;17:649-658.

29. lonta FQ, De Alencar CRB, Val PP. Effect of vegetable oils applied over acquired enamel pellicle on initial
erosion. J Appl Oral Sci. 2017;25:420-426.

30. Rahamat SF, Abd Manan WNHW, Jalaludin AA, Abllah Z. Enamel subsurface remineralization potential of
virgin coconut oil, coconut milk and coconut water. Mater Today Proc. 2019;16:2238-2244.

31. Shino B, Peedikayil FC, Jaiprakash SR, Ahmed Bijapur G, Kottayi S, Jose D. Comparison of Antimicrobial
Activity of Chlorhexidine, Coconut Qil, Probiotics, and Ketoconazole onCandida albicanslsolated in Children
with Early Childhood Caries: An In Vitro Study. Scientifica. 2016;2016:1-5.

32. Tirapelli C, Panzeri H, Soares RG, Peitl O, Zanotto ED. A novel bioactive glass-ceramic for treating dentin
hypersensitivity. Braz Oral Res. 2010;24:381-387.

33. De Morais RC, Silveira RE, Chinelatti M, Geraldeli S, De Carvalho Panzeri Pires-de-Souza F. Bond strength
of adhesive systems to sound and demineralized dentin treated with bioactive glass ceramic suspension. Clin
Oral Investig. 2018;22:1923-1931.

89


https://doi.org/10.3390/ijerph19010201

34. Geng Vivanco R, Tonani-Torrieri R, Souza ABS, Marquele-Oliveira F, De Carvalho Panzeri Pires-de-Souza F.
Effect of natural primer associated to bioactive glass-ceramic on adhesive/dentin interface. J Dent.
2021;106:103585.

35. Ramadoss R, Padmanaban R, Subramanian B. Role of bioglass in enamel remineralization: Existing
strategies and future prospects—A narrative review. J Biomed Mater Res Part B: Applied Biomaterials.
2021;110(1):45-66.

36. Devadiga D, Shetty P, Hegde M. Characterization of dynamic process of carious and erosive
demineralization - an overview. J Conserv Dent. 2022;25(5):454.

37. Safitri NM, Anggani HS, Purwanegara MK, Sumardi S. Enamel surface quality improvement in whit spot
lesions after orthodontic treatment using a microabrasion technique with fluoride or calcium
phosphopeptide-amorphous calcium phosphate application. Int J Appl Pharm. 2017;9:114-116.

38. Sterzenbach T, Helbig R, Hannig C, Hannig M. Bioadhesion in the oral cavity and approaches for biofilm
management by surface modifications. Clin Oral Investig. 2020;24(12):4237-60.

39. Valenzuela MJ, Waterhouse B, Aggarwal VR, Bloor K, Doran T. Effect of sugar-sweetened beverages on
oral health: a systematic review and meta-analysis. Eur J Public Health. 2020;31(1):122-9.

40. Abou Neel E, Aljabo A, Strange A, Ibrahim S, Coathup M, Young A, et al. Demineralization-remineralization
dynamics in teeth and bone. Int J Nanomedicine. 2016;11:4743-63.

Received: 13/07/2023
Accepted: 21/11/2023

90



