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In vitro Study Regarding the Effect of Various Commercial
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Caries Lesions

LAURA GAVRILA1, ADRIANA BALAN1*, ALICE MURARIU1*, ANDREI VICTOR SANDU2, CARMEN SAVIN 1

1 Gr.T. Popa University of Medicine and Pharmacy, Faculty of Dental Medicine, 16 Universitatii Str., 700115, Iasi, Romania
2 Gh. Asachi Technical University, Materials Science and Engineering Faculty, 53A Dimitrie Mangeron Str.  700050, Iasi, Romania

The aims of this study research were to investigate the surface topography and to compare the
remineralization potential of various commercial remineralizing products on primary and permanent teeth
dentine. After artificial caries lesion formation, all the dentine samples of permanent and primary teeth
were divided into five experimental groups. In group 1 (control group) the samples have been stored in
distilled water. In group 2 and  group 3 the dentine samples was brushed two times a day for fourteen days,
using an electric toothbrush with a constant pressure and using a bean sized toothpaste for 30 s on brushing
session; in group 4 on the dentine samples a water-based cream with fluoride and hydroxyapatite was
applied for 5 min two times a day for fourteen days; in group 5 the dentine samples were rinsed with 20 mL
antibacterial mouthwash with alcohol free natrium fluoride for 30 s two times a day for fourteen days.
Between the remineralizing cycles, the samples have been stored in artificial saliva. The samples were
analyzed using a scanning electron microscope and an EDX detector. In conclusion, the dentin
remineralization, both in the temporary teeth and young permanent teeth, was increased, very best quality
has been achieved in the study group four. The chemical analysis showed that the highest concentration of
ions in dentin was represented by ions of calcium and phosphorus; the values of both ions were lower in
samples dentin of temporary teeth compared to dentin of  young permanent teeth samples.
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Dentin is a complex tissue that contains apatite,
collagen, other proteins and water [1, 2]. Initial caries
affects the mineral component of dentin and exposes
collagen fibers, creating conditions for rapid destruction of
the entire network dentin [2]. An important requirement in
operative dentistr y and preventive restorations is
developing smart materials capable of inducing the
remineralization in carious dentin (demineralized).

The remineralization of demineralized dentin
(bioremineralization) is the process of mineral restoring
by forming inorganic mineral material [3].

Fluoride mainly has the effect of slowing down the
process of demineralization, the enamel and dentin loses
calcium and phosphate when exposed to an acidic
environment following ingestion of foods and drinks
containing sugars. It also helps the remineralization areas
showing early signs of loss of calcium or phosphate, in
other words a cure for  opaque appearance. The greatest
benefit is achieved if a low level of fluoride in the oral cavity
is kept constant throughout the day [4-6].

Fluoride delivered directly (topically) on tooth surfaces
by toothpastes and mouthwash help to maintain the level
of fluoride in the oral cavity [7, 8] and offers its additional
benefit of fluoride administered systemically by water
fluoridation [9-11].

Brushing with fluoride toothpaste [12] is considered to
be the most important factor in the observed decline in
tooth decay in many countries [13]. Tooth brushing with
fluoridated paste [14] and flossing helps to eliminate
bacteria and reduce the risk of both caries and periodontal
disease in oral cavity [15].

The aims of this research were to investigate the dentine
surface topography of temporary and young permanent
teeth before and after remineralization using various
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commercial products and to compare the potential of
various commercial remineralizing products containing
fluoride and hydroxyapatite to remineralize the dentine of
primary and permanent teeth.

Experimental part
For this study eight premolars were used that were

extracted by orthodontic reason and eight primary molars
were extracted in the Clinic of Pediatric Dentistry, Faculty
of Dental Medicine, University of Medicine and Pharmacy,
Iaºi, Romania.

The teeth selected in this study presented no dental
caries, erosive or wear lesions on their buccal or lingual
surfaces. After the extractions, the teeth were rinsed with
water, cleaned of debris and stored in distilled water until
the start of the study.

The dentine samples were obtained by cutting the
buccal and lingual surfaces of premolars and primary
molars using low speed diamond discs (Komet Dental,
Brasseler GmbH&Co, Germany), under watercooling.

The dentine samples were stored in 0.1 M lactic acid
solution adjusted to a pH of 4, for 14 days. The solution was
renewed every five days.

 After artificial caries lesion formation, all the dentine
samples of permanent and primary teeth were divided into
five experimental groups:

-group 1 (control group): the samples have been stored
in distilled water;

-group 2 (Colgate® 6+): the dentine samples was
brushed two times a day for fourteen days, using an electric
toothbrush with a constant pressure and using a bean sized
toothpaste for 30 seconds on brushing session

-group 3 (CarrefourKids® +6): the dentine samples was
brushed two times a day for fourteen days, using an electric
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toothbrush with a constant pressure and using a bean sized
toothpaste for 30 s on brushing session

-group 4 (Remin Pro®, Voco): on the dentine samples a
water-based cream with fluoride and hydroxyapatite was
applied for 5 min two times a day for fourteen days;

-group 5 (Colgate® Plax): the dentine samples were
rinsed with 20 mL antibacterial mouthwash with alcohol
free natrium fluoride for 30 s two times a day for fourteen
days.

Between the remineralizing cycles, the samples have
been stored in artificial saliva (AFNOR NF S90-701). All the
samples were then washed and kept in distilled water.

The dentine samples were analyzed using a scanning
electron microscope (VEGA II LSH, TESCAN, Czech
Republic) and an EDX detector (QUANTAX QX2, BRUKER/
ROENTEC, Germany).

Results and discussions
In the control group for young permanent teeth and

deciduous teeth is observed widening of dentinal tubules
(fig.1).

SEM aspects of dentin in the groups 2 and 3 for youth
permanent teeth and deciduous teeth shows dentiari
partially filled tubules (fig.1).

The remineralization of groups 2 and 3 were very similar
where the remineralization agent appears to be linked
collagen.

A SEM aspect of dentin in the group 4 for youth
permanent teeth and deciduous teeth clearly shows
dentiari tubules are almost completely obliterated.
Additionally mineral cr ystals precipitated during
remineralization appear better treatment associated with
the network of collagen (fig.1).

The remineralization model in this group was observed
this process to a greater extent than previous
remineralization agents used in the previous study groups.

SEM aspects of dentin in group 5 shows partially
obliterated dentinal tubules. Although not observed any
precipitation the agent remineralization seems to be
related to the collagen (fig.1).

Chemical analysis showed that dentin highest
concentration of ions in dentin was represented by ions of
calcium and phosphorus. For this reason, only ions of
calcium and phosphorus values were reported as a result
of the quantitative chemical analysis of samples dentin.

The mean values of calcium and phosphorus ions in
dentin, expressed as weight percents (wt%), are presented
in table 1.

In permanent teeth samples, the concentration levels
of calcium and phosphorus ions were very close to those
of the control group in the study groups 2 and 3. In group 4
ion concentration value was higher than in the study groups
2, 3 and 5, lesser but less than those in the control group. In
group 5 they were recorded the lowest values of calcium
and phosphorus ion concentration toward all study groups.

For temporary teeth samples, lower values of ion
concentration of calcium and phosphorus were recorded
in 2-5 groups compared with group 1. For groups 2 and 3
values of calcium and phosphorus ion concentration were
almost identical. Lot 4 ion concentration in both
înregistreazÎ highest levels in all study groups (groups 2-5).
The lowest concentration of calcium ions and phosphorus
were observed in group 5.

In all groups ion concentration of calcium and
phosphorus they had the same variation trend; the values

Fig.1. Dentine SEM aspects in
control and in the study groups

Table 1
MEAN VALUES OF DENTINE CALCIUM AND PHOSPHORUS IONS CONCENTRATIONS (WT%) ± SD IN CONTROL AND STUDY GROUPS
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of both ions were lower in samples dentin of temporary
teeth compared to dentin of permanent teeth samples.

In studies in vitro test models are frequently used in dental
research. The major advantage of in vitro models is the
ability to conduct experiments with variable alone in a highly
controlled environment [16]. The cyclic pH (chemical
model caries) [17], like the one used in this study, has
become the model of choice to evaluate the caries, tooth
decay main preventive measures. Although it is not possible
to completely simulate complex biological aspects of
decay, laboratory models are still of great importance for
research caries [18]. The substrates used for in vitro include
the cavities in the enamel and/or dentin. To reduce
variability and achieve more reliable results it is
recommended to use unique sections of caries [19]. In
this study, 0.1 M lactic acid solution was used to create the
artificial caries lesions.

The ability of a material to induce the formation of
apatite demineralized dentin (the ability remineralization)
is strictly tied to the biointeractivitate and bioactivity,  the
ability to evoke a positive response from the biological
environment [20, 21]. Various methods were used to assess
the effect of remineralization process in the dental tissues
[22, 23]. The assessment methods can provide quantitative
and qualitative information [24]. In our study analysis
demineralized dentin remineralization process was used
artificial scanning electron microscope (SEM) for surface
topography dentin and EDX analysis of quantitative and
qualitative chemical composition of dentin.

Using SEM it was noted that the remineralization of
artificially demineralized dentin was more evident in case
it is used the remineralization commercial product
containing both fluorine and hydroxyapatite seen in the
almost total closure of dentinal tubules. The re-
mineralization of artificial demineralized dentin been
likened to commercial products in the form of toothpaste
containing fluoride only.

Analysis of the chemical composition of quantitative
and qualitative dentine in this study able to show that the
concentration levels of calcium and phosphorus were very
close to those of the control group in the study groups that
were used commercial products in the form of toothpaste
containing only fluorine. In the group that was used for
remineralization commercial product containing both
fluorine ions and hydroxyapatite both values were the
highest compared with other study groups, but smaller than
in the control group.

Conclusions
Remineralization type of study groups 2 and 3 showed

the same pattern in the two groups using as a commercial
product remineralization toothpaste with fluoride gel form
from different two companies slightly different
concentrations of fluoride (Colgate® 6+, 1450ppm F-;
CarrefourKids® +6, 1000ppm F-).

Dentin remineralization, both in the temporary teeth and
permanent teeth at young people, was more very best
quality in the study group four, that the study group has
been used Remin Pro® (Voco), a commercial product
containing besides fluoride and hydroxyapatite.

In the study group 5 (in which the use fluoridated
mouthwash Colgate Plax no alcohol) was present also
remineralization, but meager Toward the other three study
groups.

So all products tested in this study had the ability to
remineralize tooth dentin temporary and permanent youth,
but remineralization was not complete.

The values of both ions were lower in those dentinÎ of
temporary teeth in young permanent teeth compared with
samples.

Products containing fluorine and hydroxyapatite have
demonstrated a greater remineralization of teeth dentin in
both temporary and permanent young teeth when
compared to products which contain only fluorine.
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