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Abstract

Introduction and objective: The purpose of the study was to
evaluate different pH cycling protocols on the induction of artificial
carious lesions in bovine dentin, since the most appropriate protocol
to be applied is still not fully established. Material and methods:
Fragments of bovine dentin (4 x 4 x 2 mm) were embedded in resin,
polished and 7 mm? of each fragment was isolated with wax. The
specimens were divided into three groups (A, B, C) according to the
time of immersion in the demineralizing solution (1.5 ml). Group A
— 15 minutes; Group B - 30 minutes; Group C — 60 minutes and
subsequently immersed for 22 hours in a remineralizing solution (1.5
ml). Microhardness measurements were conducted initially, daily and
after each pH cycling for 4 days. The Split-plot design (ANOVA) was
applied. Results: There was a significant interaction between time
and cariogenic challenge (p<0.0001). Bonferroni comparisons were
executed to identify the differences over the cariogenic challenge,
showing that increasing the immersion time in demineralizing solution
for each pH cycling assessed, the cariogenic challenge aggressiveness
increased (A <B <C). Also, for each protocol tested there was a
significant decrease in the hardness in the cariogenic challenge over
the time. Conclusion: The three models tested proved to be viable,
regardless of the time of cariogenic challenge that was applied.
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Introduction

Dental caries are a result of changes in pH
caused by acids driven by the biofilm (in contact
with mineralized tissues), reducing the mineral
content of these tissues [16, 31]. Although the
process of formation of caries is currently better
understood, there are still many details to be
investigated [7, 8].

Methods and protocols have been proposed
and used for the induction of artificial caries [1,
5, 11, 19, 24, 27, 28]. Considering the limitations
of in vitro studies, the protocols that use pH
cycling are those that most resemble the natural
process, simulating events of demineralization and
remineralization, as it happens clinically [29].

Models using pH cycling for the development
of caries have been proposed in bovine dentin [5,
11-14, 19, 21, 25, 30].

The bovine substrate presents a more uniform
composition, which enables a smaller variability in
experimental response [18]. Furthermore, bovine
dentin has similar characteristics to human dentin,
in terms of diameter and number of dentinal tubules
[6, 9, 26]. In addition, several studies have used
these teeth as a substrate due to the ethical aspects
and also because they are more easily obtained and
manipulated [6, 11-14, 19, 24, 26, 30].

However, there is still no standardized protocol
for the induction of artificial caries using pH cycling
in bovine substrate.

The objective of this study was to evaluate the
protocols of induction of caries in vitro, through
the use of pH cycling on bovine teeth in order to
contribute to the standardization of studies and a
better understanding of the lesions progression.

Material and methods

Experimental design

The object of the study was a model that induces
caries performed in three different immersion times:
15 minutes of demineralization (DE) and 22 hours
of remineralization (RE); 30 minutes of DE and 22
hours of RE, and 60 minutes of DE and 22 hours
of RE. Forty-five experimental fragments of bovine
dentin (n = 15) were used. The used variable was
the surface microhardness test (Knoop).

Preparation of the specimens

Bovine teeth were sectioned precisely (Isomet
1000, Buehler), in cementoenamel junction, to

separate the coronal from the root portion. New
sections were performed, yielding ten dental
fragments measuring 4 x 4 x 2 mm. Then these
fragments were embedded in polyester resin
(Milflex), exposing only the external face.

After the inclusion in resin, the specimens were
then flattened and polished (p Phonix — Buehler)
with a decreasing granulation sandpaper of A1203
(400, 600 and 1200 grit) and an abrasive alumina,
under water cooling (4). This was performed until
the exposition of the dentin.

Subsequently, the specimens were washed with
deionized water and subjected to ultrasound for
10 minutes in deionized water and then identified
and stored individually in containers with relative
humidity of 37°C.

Standardization in the area of lesion
induction

On the surface of each specimen of dentin,
a circular area about 7 mm? was left exposed
(figure 1). This area was isolated with a standard
nail polish, and the exposed dentin surface left
to contact with the DE and RE solutions for the
dynamic induction of the carious lesions.
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Figure 1 - Circular area of substrate exposed to
cariogenic challenge
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Readings of initial microhardness

The specimens initially prepared, were assessed
for their initial surface microhardness. To this
purpose, HMV-2 microdurometer and a Knoop
indenter with a load of 10 grams for 10 seconds
were used in the dentin (defined in the preliminary
tests). There were five indentations in each tested
fragment (figure 2) and in a total of 70 specimens,
45 were selected.
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Figure 2 - Disposition of initial microhardness
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pH cycling

The artificial caries in dentin were induced
by a dynamic model of demineralization and
remineralization, similar to that described by Hara
et al. [11]. Other studies that applied pH cycling,
inducing lesions in both enamel [2] and dentin [12,
14], added fluorine to the solutions [2, 12, 14], and
limited the time of solution in DE to decrease the
aggressiveness of the cariogenic challenge.

The solutions applied were: DE solution (1.4
mM Ca, 0.9 mM P, 0.03 ppm F, 0.05 M acetate
buffer, pH 5.0); RE solution (1.5 mM Ca, 0.9 mM
P, 0.05 ppm F, 0.1 M Tris buffer, pH 7.0).

Forty-five specimens were then divided into
three groups (A, B, C) (n = 15) according the
immersion time in DE solution (1.5 ml): group A
— 15 minutes; group B — 30 minutes; group C - 60
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minutes and afterwards, immersed for 22 hours in
RE solution (1.5 ml). Microhardness measurements
were conducted initially, daily and after each pH
cycling for 4 days.

Statistical analysis

For the statistical measuring, the average
values of microhardness obtained initially and after
each pH cycling, were considered. After checking
the homoscedasticity and normality, the Split-Plot
design (ANOVA) was used - because there where
repeated measures - in the evaluation of the effect of
cariogenic challenge factors and in the number of pH
cycles, as recommended by Montgomery [20]. Since
the interaction between the factors was positive,
Bonferroni comparisons were performed to identify
differences over the cariogenic challenges.

Results

The split-plot design (ANOVA) was performed,
and the adjustment of the (R?) model was 0.8884,
indicating the adequacy of the mathematical
model to analyze the data. There was a significant
interaction between the time-cariogenic challenge
(p <0.0001).

The increase of immersion time in DE solution
for each pH cycle, increased the aggressiveness of the
cariogenic challenge (A <B <C). The microhardness
values of the dentin showed a significant decrease
along the cariogenic challenge (figure 3). Table
I illustrates data concerning the decrease in
microhardness values.
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Figure 3 - Progression of artificial caries lesions over the cariogenic challenges employed
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Table I - Mean values of microhardness over the cariogenic challenges employed

Experimental Groups Initial 1 pH cycle | 2pH cycles | 3 pH cycles | 4 pH cycles
Group A 62.17 aA | 5148 aB | 4400 aC | 36.03 aD | 3047 aE
(8.1) (9.5) (7.7) (5.5) (4.7)
Group B 56.80 bA | 3923 bB | 3245 bC | 2759 bD | 2322 bE
(7.5) (7.0) (6.3) (3.2) (3.7)
Group C 59.71 abA | 4000 bB | 2462 ¢C | 1899 ¢D | 1464 cE
(5.7) (9.4) (5.1) (3.9) (2.7)

* Lower case letters are comparisons in column, uppercase letters are comparisons in line and between brackets

is the standard deviation

Discussion

The result of dental caries is determined by
a dynamic balance between pathological factors
that lead to demineralization and protective factors
that promote remineralization [8, 17]. Among the
existing models for the induction of caries, all
have advantages and limitations. However, the
use of pH cycling is considered the closest and
more [29] dynamic process of formation of carious
lesions (alternating periods of demineralization and
remineralization) [7, 8, 29].

Thus, based on a model of pH cycling, described
by Featherstone et al. (1986) and modified by Hara
et al. [11], so that the microhardness readings
could be made in dentin surface, over the time
of the cariogenic challenge, modifications to the
model had to be performed [3]. The volume and
time of immersion in demineralizing solution were
decreased. Also were added small concentrations
of fluorine (0.03 ppm in demineralizing solution
and 0.05 in the remineralizing solution), these
concentrations based on the model described by
Argenta et al. [2].

Considering fluoride, the key to the control
of dental caries, it is known that it can act to
inhibit demineralization, inhibit bacterial enzymes
and enhance remineralization [7]. The addition
of fluoride and other changes were to contain
the aggressive agent promoted by the cariogenic
challenge and thereby enabling microhardness
measurements daily. It is considered that the
evaluations of the changes, in the values of the
surface microhardness of the dental substrates,
are an extremely important factor in relation to
demineralization and remineralization processes,
since the main interactions between the dental
tissues and oral environment occur at the surface
layer [2].

In this in vitro study, the methodology applied
for the induction of artificial caries lesions allowed
the induction of a demineralized dentin in both
substrates.

Unlike the enamel, dentin presents a lower
mineral content — is formed by inorganic (70%),
organic material (20%) and water (10%) components
(23) — and the used model as an absence of organic
compounds in the remineralizing solution. The
formation of caries clinically, can extend for weeks,
months or years, given the biological responses
that may occur as the formation of reactionary
dentin [32].

In contrast to the induction of artificial caries,
which is usually accomplished in few hours. Another
aspect to be considered is the fact that some authors
criticize the use of microhardness to evaluate
changes in the dentin. Guided by a shrinkage of the
indentation that needs to be done [32], otherwise
the results are incorrect. However, in the study the
microhardness data were obtained from specimens
that were not hydrated and the values of hardness
were measured immediately after the indentation
was performed. Thereby avoiding the influence of
the elastic deformation [15], and standardizing the
conditions for all samples.

The results of this study showed that based on
the application of a pH cycling model in dentin, the
longer the solution of demineralization was applied,
the faster the loss of mineral content, which may
be observed by the decrease in microhardness
values. The application of such methodology may
be relevant to studies that suggest, for example,
the evaluation of adhesive systems in dentin. It is
known that the bond strength studies are usually
conducted in healthy dentine, for convenience and
comfort, but the truth is that clinically, the dentin
adhesive system is not applied in a healthy substrate,
but in an sclerotic and demineralized dentin [4,
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10, 22], similar to the one obtained in this study.
On the other hand, pH cycling model studies in
enamel can also be performed, as showed after
comparing the effects of 5 children’s toothpastes
(calcium phosphate, Pooneh, Biotin, Crest and
Darougar) [17].

The knowledge obtained from this study can
be used as a viable model for the evaluation and
development of measures and materials that can
help controlling the in vivo process. It can be
concluded that all three models tested were shown
to be viable in obtaining artificial carious lesions in
bovine dentin, regardless of the time of cariogenic
challenge applied.
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