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ABSTRACT

Objectives: In this study, it was aimed to quantitatively evaluate the remineralization capacity of natural
medicaments such as ginger, grape seed extract and rosemary, and materials containing casein and
hydroxyapatite of initial caries lesions in vitro.

Materials and Methods: 42 enamel samples obtained from human teeth; were divided into six group as; Group-
1(10% Casein Phosphopeptide Amorphous Calcium Phosphate [CPP-ACP], GC Tooth Mousse, Group-Il (Rosemary
Qil), Group-lll (ginger+honey), Group-IV (ginger+honey+cocoa), Group-V (grape seed extract) and Group-VI
(control group; remineralization solution). After enamel samples were kept in demineralization solution for 72
hours to create initial caries lesion, grouped remineralization agents were applied to enamel samples with caries
lesion during the six-day pH cycle. Measurements were made using surface microhardness and DIAGNOdent at
three different stages. The data obtained in the research were analyzed using the SPSS 25.0 program. The results
were evaluated at the p<0.05 significance level.

Results: In surface microhardness measurements, all test materials showed significantly more remineralization
than fluoride tooth cream, and grape seed extract was found to be the most successful group (p<0.05). When
all groups were compared with the positive control group, there were significant statistical differences between
the groups (p<0.05). The remineralization capacities of the groups whose activities were examined; grape seed
extract> ginger+honey+cocoa>ginger+honey> rosemary oil > GC tooth mousse.

Conclusions: It is thought that rosemary, ginger + honey + cocoa, grape seed extract materials can be used for
remineralization in these working conditions where the initial caries lesions can be remineralized after six days.

Keywords: Microhardness, Remineralization, Grape Seed Extract, Ginger, Rosemary.
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Amag: Bu calismada baslangig curiik lezyonlarinin zencefil, Gzim gekirdegi 6zi ve biberiye gibi dogal
medikamentler ile kazein ve hidroksiapatit igeren materyallerin remineralizasyon kapasitesini kantitatif olarak in
vitro kosullarda degerlendirilmesi amaglanmistir.

Gereg ve Yontem: insan disinden elde edilen 42 adet mine érnegi; Grup-l1 (%10 Kazein Fosfopeptit Amorf
Kalsiyum Fosfat [CPP-ACP], GC Tooth Mousse, Grup-Il (Biberiye Yagi), Grup-lll (zencefil+bal), Grup-IV
(zencefil+bal+kakao), Grup-V (tizim gekirdegi 6zli) ve Grup-VI (kontrol grubu; remineralizasyon sollsyonu)
olarak alti gruba ayrildi. Mine 6rnekleri yapay guriik lezyonu olusturmak amaciyla 72 saat demineralizasyon
solisyonunda bekletildikten sonra, guriik lezyonu olusturulan mine 6rneklerine alti gunlik pH dongisi
siirecinde, gruplandirilan remineralizasyon ajanlari uygulandi. Ug farkli asamada yiizey mikrosertlik ve
DIAGNOdent kullanilarak lgtimler yapildi. Arastirmada elde edilen veriler SPSS 25.0 programi kullanilarak analiz
edildi. Sonuglar, p<0,05 anlamlilik diizeyinde degerlendirildi.

Bulgular: Calisma sonucunda DIAGNOdent 6lgiimlerinde tiim gruplarda remineralizasyon gozlenmekle beraber
gruplar arasinda istatistiksel olarak anlamli bir fark bulunmamistir (p>0.05). Yiizey mikrosertlik 6lgiimlerinde ise
tiim deney materyalleri flortrlt dis kreminden anlamli derecede daha fazla remineralizasyon gostermis olup, en
basarili grup olarak Gzim gekirdegi 6zi bulunmustur (p<0.05). Tim gruplar, pozitif kontrol grubu ile
karsilastirildiginda gruplar arasinda belirgin istatistiksel farkhliklar bulunmaktadir (p<0.05). Etkinlikleri incelenen
gruplarin remineralizasyon kapasiteleri; izim cekirdegi 6zi> zencefil+bal+kakao>zencefil+bal> biberiye yagi >
GC tooth mousse seklinde siralanmaktadir.

Sonug: Alti giin sonunda baslangig ¢lrik lezyonlarinin remineralize olabildigi bu ¢alisma sartlarinda biberiye,
zencefil + bal + kakao, Uzim cekirdegi 6zl materyallerinin, remineralizasyon amaciyla kullanilabilecegi
disinilmektedir.

Anahtar Kelimeler: Mikrosertlik, Remineralizasyon, Uziim Cekirdegi Ozii, Zencefil, Biberiye.
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Introduction

Advances in technology significantly reduce the
progression of initial caries with early diagnosis and
treatment, providing protection to dental tissues to a great
extent without invasive procedures.! Significant progress has
been made on remineralizing agents that can be used within
scope of preventive dentistry applications. Fluorine is one of
the most commonly used agents.? Developed as an
alternative to flor; demineralization is prevented and
remineralization is supported by binding free phosphate and
calcium in dental plague with casein phosphopeptide-
amorphous calcium phosphate complex (CPP-ACP), one of
major protective factors in milk.? Plant-based medications
such as ginger and rosemary can also find a place in current
studies with antibacterial effects.*

Different methods have been used to examine formation
and progression mechanism of caries. The gold standard in
these methods; although it is a controlled randomized clinical
trial model; conducting such a clinical study is challenging in
terms of both cost and time. Therefore, alternative models in
which oral environment is imitated have been developed.
Studies show that the most frequently preferred model is in
vitro models.® These simulation models are frequently used
because they allow testing of hypotheses that cannot be
tested in clinical practice, provide reproducible study data,
and practically compare the results obtained from different
centers. However, its inability to fully imitate complex
biological processes associated with caries and natural oral
environment has become disadvantage of this method.5’

pH cycle caries model is an artificial caries model that
simulates oral environment by imitating demineralization-
remineralization cycle of tooth. The biggest advantage of
this method, which is used quite frequently to investigate
effect of caries-preventing agents on demineralization-
remineralization dynamics, is that it allows the evaluation
of changes in outermost enamel layer during
development of enamel caries.?

Systems used in diagnosis of initial caries and in following
remineralization-demineralization cycles of lesions have
limited reliability. Microhardness testers and scanning
electron microscope are the most frequently preferred
devices for this purpose in in-vitro research.’ It is observed
that surface microhardness measurement method is
frequently used in studies investigating mechanical
properties and efficacy of agents used in treatment of initial
caries lesions.®'* As a working principle, the diamond tip
located at tip of the device applies force to sample surface in
certain proportions. The penetration depths obtained from
different areas of lesion are recorded as Knoop or Vickers
hardness values. These values obtained following the
recording phase are compared with the values of healthy
surface.?

Another method, DIAGNOdent (KaVo, Biberach,
Germany), developed to diagnosis possible presence of
caries on enamel surface early; it is based on laser
autofluorescence  technology in  principle. The
fluorescence intensity diagnosed by the digital display is
displayed in quantitative form with numerical values.

There is a direct correlation between the depth of caries
and number seen on screen.?

Although chemicals continue to be widely used today,
there has been an increasing interest in natural product
diversity lately. Plants such as ginger and rosemary; many
studies have been conducted showing its anti-
inflammatory, antifungal, antiemetic, antibacterial,
antiviral and anticariogenic effects.’*® While there are a
limited edition of studies investigating effects of these
agents on cariogenic bacteria in the literature, there is no
study investigating their effects on the remineralization
mechanism. The aim of this research; was to compare the
effectiveness of CPP-ACP tooth cream, with proven anti-
caries effect, with herbal medicines such as rosemary,
ginger (a mixture with honey and cocoa), grape seed
extract, which have come to the fore with their
antibacterial activity.

Materials and Methods

Our study was carried out in the research laboratories of
Cukurova University Faculty of Science Biochemistry
Department and Dicle University Faculty of Dentistry, and
ethics committee approval was obtained from Dicle
University Faculty of Dentistry Unit Ethics Committee
(Decision Protocol No: 2020-1, (Decision Date: 29.01.2020).

The enamel samples used in our study were selected
from caries-free premolar teeth that had no defects. Soft
tissue attachments on root surface of teeth were removed
with a periodontal curette and cleaned with a polishing
brush without damaging surfaces. Teeth were stored in
distilled water containing 0.1% thymol at +4 2C until the
study was started.

The middle 1/3 area of enamel on partially flatter
buccal surface of teeth was used for the procedures. The
crowns of teeth were separated from roots with a
micromotor (NSK FX23, JAPAN) device using diamond
separation at low speed, under water cooling.

The prepared samples were embedded in acrylic
(Imicryl, Turkiye) blocks with the aid of 3cm x 3cm x 2cm
silicone molds with their buccal surfaces exposed. To obtain
a smooth flat surface and to facilitate the demineralization
stage of samples, the outermost layer rich in fluorine was
abraded with silicon carbide papers of 200, 400, 600, 800
and 1200 grit, respectively, for ten minutes.

After etching, the samples were washed with
deionized water. To create a control area on the healthy
enamel surface, 2mm x 2mm tape was adhered to the
center of enamel surface of each tooth and two layers of
acid-resistant polish (Nail Care, Flormar, Turkiye) was
applied to prevent area around the tape from being
affected by the caries model to be applied.

After the sample preparation stage, 42 enamel
samples of 2mm x 2mm in size were randomly divided into
six groups, with seven enamel samples in each group;
Group 1: GC Tooth Mousse (10% CPP-ACP)

Group 2: Rosemary Oil (RO)
Group 3: Ginger - Honey
Group 4: Ginger - Honey - Cocoa
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Group 5: Grape Seed Extract (GSE)
Group 6: Control Group (Remineralization Group)

Surface Microhardness measurements (SMH) were
made by Buehler Wilson 1202 Mechanical Instrument
Hardness Tester (USA). Using Vickers as measuring tip; a
total of three measurements were made at the beginning,
after demineralization process and after pH cycle. 42
samples were placed on table parallel to the ground and
with surfaces to be evaluated upwards. The areas that the
Vickers measuring tip will contact were determined from
the selected area on surface to be measured. These
points, which are determined with help of 400x
magnifying eyepieces in the microscope, are placed in the
microhardness device for 15 seconds. Throughout, 300 g
of force was applied and measurements were made from
three different points in each sample. The diagonal length
of diagonal area formed by Vickers measuring tip was
measured with measuring system on the device, and SMH
calculated on the device was recorded. Following
registration process, the average of three measurements
for each sample was calculated statistically.

In DIAGNOdent measurements of samples, the fissure
probe of DIAGNOdent PEN® (KaVo, Zurich) device, which
is used on flat surfaces and fissures, was used. The
samples were air-dried for five seconds and the
measurement process was completed. For each of
samples, three different predominantly observed
DIAGNOdent values were recorded.

Preparation of Solutions
The solutions were prepared fresh before experiment.
Demineralization solution:
¢ 1.5 mM CaCl2,
e 0.9 mM KH2 PO4,
¢ By preparing 50 mM Aceticacid with pH value of 4.8;
kept at room temperature.
Remineralization solution:
¢ 1.5 mM CaCl2,
¢ 0.9 mM KH2 PO4,
¢ 130 mM KCl,
¢ By preparing 20 mM Hepes solution with pH value of 7.0;
kept at room temperature.

Creation of Initial Caries Lesion on Samples
The teeth were kept in demineralization solution for
72 hours.

SMH and DIAGNOdent Measurements After
Demineralization
Samples with initial caries lesion; after the

demineralization process was completed, it was removed
from the solution and washed with distilled water. On the
dried sample surfaces; the data were recorded by
repeating the measurements with the same technique
and devices as it was done in the initial stage.

160

Remineralization Agents and Application Methods

For the remineralization of the initial caries lesions
formed in the enamel samples, a remineralization solution
prepared with a pH value of 7.0 for the control group with
five different agents was used.
Group 1: Tooth Mousse (GC Corporation, Japan): Dental
cream with calcium phosphopeptidamorphic calcium
phosphate (CPP-ACP). It was applied to each sample
surface with the help of an applicator for four minutes.
Ingredients: water, glycerol, CPP-ACP, D-sorbitol, sodium
carboxy methyl cellulose (CMCNa), propylene glycol,
silicon dioxide, titanium dioxide, xylitol, phosphoric acid,
aroma, zinc oxide, sodium saccharin, ethyl
phydroxybenzoate, magnesium oxide, guar gum, propyl p
hydroxybenzoate, butyl p-hydroxybenzoate. (lot number:
200908D)
Group 2: Rosemary Qil (RO): (Immu-Nat Herbal Company,
Mugla, Turkiye) Standardized oil of rosemary. With the
help of an applicator, 1 ml for each sample was applied to
the tooth surface for four minutes.
Group 3: Ginger + honey: (Ginger: Arifoglu®, Turkiye/
Honey: Balparmak Plateau Blossom Honey®, Turkiye)
Freshly prepared powdered ginger was mixed with honey
(8 mg/ml = 8 mg ginger was added for 1 ml honey) to a
paste consistency and applied to the surface in the size of
a lentil grain for four minutes with the help of an
applicator.
Group 4: Ginger + honey + cocoa: (Cocoa: Ulker®, Turkiye)
prepared by adding cocoa to the ginger + honey mixture
at the same rate as honey (8 mg/ml = 1 mg cocoa was
added for 1 ml honey), brought to a paste-like consistency
and applied to the surface in size of a lentil grain for four
minutes with the help of an applicator.
Group 5: Grape Seed Extract (GSE): concentration
amounts 3.75ml/5ml (Immu-Nat Herbal Company, Mugla,
Turkiye) 1 ml per sample with the help of an applicator
applied to the sample surface for four minutes.
Group 6: Control Group: Only demineralization
remineralization procedures were applied to seven
sample surfaces in this group, no agent was applied.

Application of pH Cycle to Samples that Simulates
Oral Environment

In order to create artificial caries lesions, samples were
kept in demineralization solution for 72 hours and then pH
cycled at room temperature for a period of six days. The
samples were kept in the demineralization solution (30 ml
for each sample) for six hours without mixing in one day,
washed with distilled water for five seconds, and kept in
the remineralization solution (30 ml for each sample) for
18 hours.

Remineralizing agents applied for one minute daily
before and after demineralization four times with the help
of a small bond brush (Microbrush, medium thickness,
USA) daily. After this stage, the sample surfaces were
washed with distilled water for five seconds to remove the
excess agent. The samples were kept in remineralization
solution until they were re-cycled the next day.
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Figure 1: The pH cycle applied in the research

SMH and DIAGNOdent Measurements After pH Cycle

After the completion of the six-day pH cycle applied
within the scope of study, the samples were washed with
distilled water for the last time. On the sample surfaces,
which are made ready for analysis by drying; the
measurements were repeated with the help of the same

technique and devices. All measurements were made
by the same specialist dentist (S.G.).

Figure 2: Surface image of the sample examined on the vickers hardness test device

Statistical analysis

The data obtained in research were analyzed using
SPSS 25.0 program. Descriptive statistics were used while
evaluating data. The results were evaluated at p<0.05
significance level.

Results

Results of SMIH Analysis

SMH measurements were repeated in three stages, at
the beginning of our thesis, after being kept in a
demineralization solution for 72 hours and after pH cycle
and remineralization agents were applied. Three different
measurements were taken from each sample and 126
measurements made from 42 enamel samples were
repeated in three stages, and total of 378 SMH

measurements were made. The difference between initial
and demineralization values was calculated and called as
'delta 1'; the difference between demineralization and
remineralization values was calculated and called as 'delta 2".

A statistically significant difference was found
between the initial values, remineralization and
demineralization values of each group. There was a
statistically significant difference between Vickers delta 1
and delta 2 values according to the groups (p<0.05).

While a significant difference was observed between
the groups for the initial and post-remineralization Vickers
values (p<0.05); It was observed that there was no
significant difference between the groups for Vickers
values after demineralization (p>0.05).

It was observed that there was a statistically significant
difference between the Vickers values of all groups after
demineralization and after remineralization (p<0.05). It is
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seen that the Vickers values after remineralization are
higher than the values after demineralization.

There was a statistically significant difference between
Vickers values at baseline, after demineralization and

after remineralization in all groups (p<0.05). According to
results of the multiple comparison test; there is a
significant difference between values after
demineralization and after remineralization (p<0.05).

Vickers

Figure 3: Difference between remineralization and demineralization values ( Vickers)

DIAGNOdent Analysis

When Diagnodent delta 1 values of the groups were
examined, there was no statistically significant difference
between groups, although DIAGNOdent delta 1 values of
groups 1, 2, 3, 4 and 5 were lower than the control group
(p>0.05). It was observed that there was a significant
difference between the groups for DIAGNOdent values at
baseline and after remineralization (p<0.05). It was observed
that there was no significant difference between the groups
for DIAGNOdent values after demineralization (p>0.05).

A statistically significant difference was observed

It was observed that there was a statistically significant
difference between the DIAGNOdent values of all groups
after demineralization and after remineralization
(p<0.05). It is seen that DIAGNOdent values after
remineralization are lower than the values after
demineralization.

In all groups; there was a statistically significant
difference between the DIAGNOdent values at baseline,
after demineralization and after remineralization
(p<0.05). According to the results of the multiple
comparison test; there is a significant difference between

between the initial values of all groups and the the initial, post-demineralization values and post-
DIAGNOdent values after demineralization (p<0.05). It is  demineralization and post-remineralization values
seen that DIAGNOdent values after demineralization are  (p<0.05).
higher than the initial values.

Diagnodent

o

-15
Grup 1

m Diagnodent -14

Grup 2
-14,7143

Grup 3

-14,5714  -14,5714

' Diagnodent
-5
-10

Grup 4 Grup 5

-14,4286

Grup 6
-4,8571

m Diagnodent

Figure 4: Difference between remineralization and demineralization values (Diagnodent)

162



Gumus Ayaz et al./ Cumhuriyet Dental Journal, 27(3): 158-165, 2024

Discussion

Current scientific studies are carried out to prevent initial
caries lesions with non-invasive methods and to diagnose
these lesions with reliable methods at an early stage.’®?
Different materials such as fluorine, bioactive glasses,
theobromine, CPP-ACP and xylitol are used to increase
remineralization and prevent demineralization.?>%®

CCP-ACP; It shows its caries-inhibiting effect by
preventing bacterial colonization, increasing the Ca and P
ion levels in dental plaque, and binding free Ca and P
ions.?”28 In many studies, it has been reported that CPP-
ACP stabilizes Ca and P ions on the enamel surface and
provides remineralization.?>* Bailey et al., reported that
with the use of CPP-ACP for 12 weeks, a significant visible
regression of white spot lesions was recorded. In white
spot lesions, 27.9% at the end of the four-week period;
65.6% after eight weeks; at the end of 12 weeks, they
stated that there was an improvement of 73.8%.3!

In another recent research examining the surface
microhardness of remineralization agents; OCT and SMH
measurements were made by applying CPPACP,
CPPACP+900 ppm Fluor and agents containing
calciumglycerophosphate, magnesiumchloride and 10%
xylitol to the enamel surfaces with initial caries, with a 6-
day pH cycle. As a result of study; it has been stated that
all  remineralization  agents provide significant
remineralization in caries lesions formed in enamel
samples.3233

The study, which compared the remineralization
capacity of tooth cream containing CPP with ginger,
honey, cocoa and rosemary, and toothpaste with NaF,
using SMH and FluoreCam methods, draws attention. In
this study conducted by Bilgin G, enamel samples with
artificial initial caries were used for one minute, three
times a day for 21 days; toothpaste with NaF, CPPACP,
hydroxyapatite and F, brushed with fluorine varnish,
ginger + honey, ginger + honey + chocolate, RO groups.
With the statistical evaluation of study; remineralization
was detected in all treatment groups, and it was
concluded that the remineralization values of the ginger +
honey treatment group were more effective than the
other groups.3

Smullen et al. in their study on RO; the effectiveness of
rosemary on plaque inhibition, S. mutans and
glycosyltransferase activity was investigated, and it was
stated that 80% inhibition of plaqgue and
glycosyltransferase activity was achieved.?® In a research
examining the effect of RO on remineralization; it has
been reported that RO significantly increased
remineralization on enamel surfaces with artificial initial
caries, compared to the positive control group, fluoride
toothpaste.3* Consistent with the results of these
researches; it has been concluded that RO we used has a
very supportive effect on remineralization according to
SMH and DIAGNOdent measurement values, as well as
preventing demineralization.

Another material we prefer within the scope of our
study is honey. Grobler et al. in their study on oral
pathogens, the effect of low pH on enamel is evaluated by

SMH and DIAGNOdent. In both of the analysis methods,
honey was applied on the enamel for 30 minutes and it
was reported that it did not show an erosive effect on the
enamel.®® In the in-situ part of another current study, in
which the remineralizing effect of honey was investigated,
enamel samples were placed in oral appliances and the
participants were given four different types of fluoride
toothpaste, fluoride tooth cream, ginger+honey+
chocolate and ginger+rosemary+honey+ chocolate for a
21-day period. group was provided with three minutes of
application. The amount of remineralization achieved was
measured with FluoraCam and QLF after 21 days. While
remineralization was achieved significantly in all groups; it
was stated that the highest remineralization was formed
by ginger+honey+chocolate mixture and fluoride tooth
cream.?* With the results of these studies; SMH and
DIAGNOdent analysis data obtained as a result of the
application of honey used in our in-vitro research by
mixing it with ginger gives results in accordance with other
researches. The fact that this mixture was also found to be
a highly effective material on remineralization
contributed to the originality of our research.

Among the materials investigated in our study, the in-
vitro study in which the effect of theobromine obtained
from the cocoa bean on SMH was investigated is
remarkable. In this study, enamel sections taken from
premolar teeth were used; Distilled water, theobromine
100 mg/L, theobromine 500 mg/L and theobromine 1000
mg/L were administered to four groups for 15 minutes.
Samples that were tested for microhardness using SMH;
an increase in enamel microhardness was observed after
being treated with four theobromine concentrations, and
it was stated that the highest increase was demonstrated
by theobromine with a concentration of 1000 mg/L.%’
Ooshima et al. evaluated the relationship between cocoa
bean shell and S. mutans in their study with rats. In all
streptococci species tested within the scope of study,
growth decreased and as a result, acid production
decreased and in parallel, surface hardness increased as
remineralization was supported. Sucrose-dependent cell
adhesion of S. mutans was suppressed with using of
cocoa; inhibition of insoluble glucan synthesis due to
glycosyltransferase activity was achieved.3® Ooshima et al.
following the research of Osawa et al. in their study, they
stated that cocoa bean shell can show antibacterial
activity even at a concentration of 30ug/mL.3** SMH and
DIAGNOdent analysis data of our research show that the
cocoa has a significant effect on remineralization.

Another material we prefer to increase the originality
value of research is; grape seed extract. Benjamin et al.
reported that collagen matrices treated with GSE were
non-toxic and inhibited the enzymatic activity of
glucosyltransferase, F-ATPase and amylase in their
study.'® When the studies on GSE were examined, it was
observed that there were a limited number of studies
investigating the remineralization capacity.***! Mirkarimi
et al. applied GSE to demineralized primary teeth and
reported a statistically significant increase in SMH.*? In
another recent study investigating the remineralization
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capacity of GSE, Jawale et al., on enamel surfaces with
artificial initial caries in 96 hours; three different
materials, namely CPP-ACP, calcium glycerophosphate
and GSE, were applied six times a day for eight days and
examined with polarized light microscopy. As a result of
research; a significantly thick band of mineral
precipitation appeared in surface layer of lesions treated
with GSE compared to other groups; it has been reported
that GSE has a supportive effect on remineralization
process.** In a similar study; samples whose dentin
surface was etched for 30 seconds; different
concentrations of GSE; it was applied for two minutes and
subjected to a 15-day remineralization procedure, SMH
analysis were performed. Tang et al reported that the
most GSE concentration, which provides remineralization
is 15%.% Bolty et al. in 2023, concluded that chicken egg
shell, GSE and propolis had a promising effect on
remineralization of initial caries in their study.*> Another
recent study, the remineralizing effect of initial caries was
observed in patients using GSE and NaF mouthwash in 1,
3, and 6-month diagnostic measurements.*® In a recent
study in which the remineralization capacity of CPP-ACPF,
tricalcium phosphate, and GSE was measured by Vickers,
SEM-EDS, and CBCT, it was noted that GSE group showed
significantly greater remineralization compared to other
groups.””  With all these reseraches; SMH and
DIAGNOdent analysis data of remineralizing effect of GSE
obtained as a result of our research show parallelism.

As a result, it was observed that among the materials
whose remineralization capacities we examined, CPP-
ACP, ginger + honey, ginger + honey + cocoa formula,
rosemary oil and grape seed extract showed positive
reparative activities on initial enamel lesions.

Conclusions

This research effectively analyzed initial caries can be
cured chemically by stop-preventived procedures.
According to the study’s findings GSE was found to be
more effective than other agents. We report that the use
of tooth cream containing herbal formulas that repair
caries at the initial stage is a non-invasive and supportive
method that can be added to routine oral hygiene
practices, and we recommend their use.

Acknowledgments

This research has been supported by Dicle University
Scientific Research Projects Coordination Unit. Project
Number: DIi$.20.013 Yil.2020. This study is a research
article derived from the master's thesis (YOKTEZ
registration number: 681329)

Conflict of interest

There is no conflict of interest among participants in
this study.

164

References

1. Armfield JM, Spencer AJ. Quarter of a century of change:
caries experience in Australian children, 1977-2002. Aust Dent J,
2008; 53(2): 151-9.

2. ten Cate JM, Mundorff SA. Working group report 1:
Laboratory Models for caries (in vitro and animal models). Adv
Dent Res. 1995; 9(3): 332- 334.

3. Nagarathana C, Sakunthala BK, Naveena Preethi P. An
update on current remineralizing agent. OHDM. 2015; 14(4):
183-7.

4. Maguire A, Rugg-Gunn AJ. Xylitol and caries prevention--is it
a magic bullet? British Dental Journal, 2003, 194: 429-436.

5. Akyildiz M, S6nmez IS. Comparison of Remineralising
Potential of Nano Silver Fluoride, Silver Diamine Fluoride and
Sodium Fluoride Varnish on Artificial Caries: An In Vitro Study.
Oral Health Prev Dent. 2019;17(5):469-477. doi:
10.3290/j.0hpd.a42739. PMID: 31268047.

6. Higham SM, Pretty IA, Edgar WM, Smith PW. The use of in
situ models and QLF for the study of coronal caries. Journal of
Dentistry, 2005, 33: 235-241.

7. Xuelian H, Qiang G, Biao R, Yuging L, Xuedong Z. Models in
caries research. In: Dental Caries, Springer, 2016: 157-173.

8. Buzalaf MA, Hannas AR, Magalhaes AC, Rios D, Honorio HM,
Delbem AC. pH cycling models for in vitro evaluation of the
efficacy of fluoridated dentifrices for caries control: strengths
and limitations. Journal of Applied Oral Science, 2010; 18: 316-
334.

9. Al-Khateeb SN, Tarazi SJ, Al Maaitah EF, Al-Batayneh OB,
Alhaija EA. Does acid etching enhance remineralisation of
arrested white spot lesions? Eur Arch Paediatr Dent, 2014; 15(6):
413-19.

10. Torres CR, Rosa PC, Ferreira NS, Borges AB. Effect of caries
infiltration technique and fluorid therapy on microhardness of
enamel carious lesions. Oper Dent. 2012; 37: 363-369.

11. Pancu G, Andrian S, lovan G, Ghiorghe A, Topoliceanu C,
Moldovanu A, et al. Study Regarding the Assessment of Enamel
Microhardness in Incipient Carious Lesions Treated By Icon
Method. Rom J Oral Rehabil. 2011; 3(4): 94-100.

12. Featherstone JDB, Ten Cate JM, Shariati M, Arends J.
Comparison of artificial caries-like lesions by quantitative
microradiography and microhardness profiles. Caries Res. 1983;
17(5): 385-391.

13. Amaechi BT. Emerging technologies for diagnosis of dental
caries: The road so far. Journal of Applied Physics. 2009; 105(10):
102047.

14. Onyeagba RA, Ugbogu OC, Okeke CU, Iroakasi O. Studies on
the antimicrobial effects of garlic (Allium sativum Linn), ginger
(Zingiber officinale Roscoe) and lime (Citrus aurantifolia Linn).
African Journal of Biotechnology. 2004; 3(10): 552-554.

15. Khan R, Zakir M, Khan AU, Afaq SH, Latif A. Activity of solvent
extracts of Prosopis spicigera, Zingiber officinale and
Trachyspermum ammi against multidrug resistant bacterial and
fungal strains. J Infect Dev Ctries. 2010; 4(5): 292-300.

16. Kade, Kimaya K., et al. "Comparative Evaluation of the
Remineralization Potential of Fluoride-containing Toothpaste,
Honey Ginger Paste and Ozone. An In Vitro Study." International
Journal of Clinical Pediatric Dentistry 15.5 (2022): 541.

17. Celik, Z. C., et al. "Do ginger extract, natural honey and bitter
chocolate remineralize enamel surface as fluoride toothpastes?
An in-vitro study." Nigerian journal of clinical practice 24.9
(2021): 1283-8.

18. Benjamin, Shiny, Sabeena Susan Thomas, and Mohan
Thomas Nainan. "Grape seed extract as a potential
remineralizing agent: a comparative in vitro study." The journal
of contemporary dental practice 13.4 (2012): 425-430.



Gumus Ayaz et al./ Cumhuriyet Dental Journal, 27(3): 158-165, 2024

19. Seow WK. Biological mechanisms of early childhood caries.
Community Dent. 1998; 26(Suppl 1): 8-27.

20. Puy LC, Navarro FL. Evidence concerning the medical
management of caries. Med Oral Patol Oral Cir Bucal. 2008;
13(5): 325-330.

21. Sicca C, Bobbio E, Quartuccio N, Nicolo G, Cistaro A.
Prevention of dental caries: A review of effective treatments. J
Clin Exp Dent. 2016; 8(5): 604-610.

22. Bostanci B, Korkut E, Unlii N. Baslangic mine lezyonlarinin
floriir icermeyen ve invaziv olmayan tedavi yontemleri. Turkiye
Klin J Restor Dent-Special Top. 2017; 3(1): 7-13.

23. Makinen KK, Saag M, Isotupa KP, Olak J, NGmmela R,
Séderling E, Makinen PL. Similarity of the effects of erythritol and
xylitol on some risk factors of dental caries. Caries Res. 2005; 39:
207-215.

24. Mandava J, Reddy SY, Kantheti S, Chalasani U, Ravi RC,
Borugadda R, Konagala RK. Microhardness and penetration of
artificial white spot lesions treated with resin or colloidal silica
infiltration. J Clin Diagn Res. 2017; 11(4): 142-6.

25. Amaechi BT, Porteous N, Ramalingam K, Mensinkai PK,
Ccahuana Vasquez RA, Sadeghpour A, Nakamoto T.
Remineralization of artificial enamel lesions by theobromine.
Caries Res. 2013; 47: 399-405.

26. Balakrishnan M, Simmonds RS, Tagg JR. Dental caries is a
preventable infectious disease. Aust Dent J. 2000;45(4): 235-45.
27. Celik E, Yazkan B, Katirci G. Baglangi¢ Ciirlik Lezyonlarinin
Tedavisi, Atatiirk Univ. Dis Hek. Fak. Derg. 2011; 21(1): 48-56.
28. Reynolds EC, Cai F, Shen P, Walker GD. Retention in plaque
and remineralization of enamel lesions by various forms of
calcium in a mouthrinse or sugar-free chewing gum. J Dent Res
2003; 82: 206-11.

29. Hawkins R, Locker D, Noble J, Kay EJ. Prevention, part 7:
professionally applied topical fluorides for caries prevention. Br
Dent J. 2003; 195(6): 313-7.

30. Munjal D, Garg S, Dhindsa A, Sidhu GK, Sethi HS. Assessment
of white spot lesions and in-vivo evaluation of the effect of CPP-
ACP on white spot lesions in permanent molars of children. J Clin
Diagn Res. 2016; 10(5): 149-54.

31. Bailey DL, Adams GG, Tsao CE, Hyslop A, Escobar K, Manton
DJ, Reynolds EJ, Morgan MV. Regression of post-orthodontic
lesions by a remineralizing cream. J Dent Res. 2009; 88(12):
1148-53.

32. Yavuz, Betul Sen, and Betul Kargul. "Comparative evaluation
of the spectral-domain optical coherence tomography and
microhardness for remineralization of enamel caries lesions."
Dental Materials Journal 40.5 (2021): 1115-21.

33. Akkurt MD, Polat GG, Altun C, Basak F. Beyaz nokta
lezyonlarinin teshis ve tedavi yontemleri. ADO Klinik Bilimler
Dergisi. 2010; 4(2): 536-44.

34. Gocmen, Gulcin Bilgin, et al. "Effectiveness of some herbals
on initial enamel caries lesion." Asian Pacific Journal of Tropical
Biomedicine 6.10 (2016): 846-850.

35. Smullen J, Finney M, Storey DM, Foster HA. Prevention of
artificial dental plaque formation in vitro by plant extracts. J Appl
Microbiol, 2012; 113(4): 964-73.

36. Grobler SR, du Toit 1J, Basson NJ. The effect of honey on
human tooth enamel in vitro observed by electron microscopy
and microhardness measurements. Arch Oral Biol, 1994; 39(2):
147-53.

37. Syafira G, Permatasari R, Wardani N. Theobromine effects on
enamel surface mikrohardness: In vitro. J Dent, 2012. 19(2): 32-
6.

38. Ooshima T, Osaka Y, Sasaki H, Osawa K, Yasuda H,
Matsumura M, Sobue S, Matsumoto M. Caries inhibitory activity
of cacao bean husk extract in in-vitro and animal experiments.
Arch Oral Biol, 2000; 45(8): 639-45.

39. Osawa K, Miyazaki K, Shimura S, Okuda J, Matsumoto M,
Ooshima T. Identification of cariostatic substances in the cacao
bean husk: their anti-glucosyltransferase and antibacterial
activities. J Dent Res,2001; 80(11): 2000-2004.

40. Xie Q, Bedran Russo AK, Wu CD. In vitro remineralisation
effects of grape seed extract on artificial root caries. J Dent.
2008; 36(11): 900-6.

41. Wu CD. Grape products and oral health. J Nutr. 2009; 139(9):
1818- 1823.

42. Mirkarimi M, Eskandarion S, Bargrizan M, Delazar A,
Kharazifard MJ. Remineralization of artificial caries in primary
teeth by grape seed extract: an vitro study. J Dent Res Dent Clin
Dent Prospects. 2013; 7(4): 206-10.

43, Jawale KD, Kamat SB, Patil JA, Nanjannawar GS, Chopade RV.
Grape seed extract: an innovation in remineralization. J Conserv
Dent. 2017; 20(6): 415-8.

44, Tang CF, Fang M, Liu RR, Dou Q, Chai ZG, Xiao YH, et al. The
role of grape seed extract in the remineralization of
demineralized dentine: micromorphological and physical
analyses. Arch Oral Biol. 2013; 58(12): 1769-1776.

45. Bolty, H. A., EI-Olimy, G. A. E., & Elbahrawy, E. (2023).
Efficacy of different natural remineralizing agents on treatment
of artificially induced enamel caries (An in vitro comparative
study). Tanta Dental Journal, 20(4), 307-318.

46. Abd El Sattar, N., A ElAziz, R. H., & Riad, M. I. (2023).
Remineralization Potential of Grape Seed Extract Versus Fluoride
Mouthwash in Management of Post-Orthodontic White Spot
Lesions: A 6m Randomized Clinical Trial. Advanced Dental
Journal, 5(4), 934-942.

47. Desai, S., Rao, D., Panwar, S., Kothari, N., & Gupta, S. (2022).
An in vitro comparative evaluation of casein phosphopeptide-
amorphous calcium phosphate fluoride, tricalcium phosphate
and grape seed extract on remineralization of artificial caries
lesion in primary enamel. The Journal of Clinical Pediatric
Dentistry, 46(5), 72-80.

165



