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This study analyzed comparatively, by confocal laser scanning microscopy (CLSM), the depth of caries-like lesions produced by
biological and chemical artificial modelsin permanent and primary dentin. Six primary molarsand six premolarswereused. Theocclusal
enamel was removed and a nail polish layer was applied on the specimens, except for a4 x 2 mm area on dentin surface. Half of
specimenswereimmersed in acid gel for 14 days (chemical model) and the other half wasimmersed in BHI broth with S mutansfor 14
days (biological model). After development of artificial caries, the crowns were longitudinally sectioned on the center of the carious
lesion. Three measurements of carious dentin depth were made in each specimen by CLSM. Measurements depths were compared
between the caries models and between tooth types by one-way ANOV A and Tukey test (0=5%). For permanent teeth, the biological
model showed significantly higher (p<0.05) cariesdepth values than the chemical model. For primary teeth, no statistically significant
difference (p>0.05) was found between the caries models. The artificial caries model influenced caries depth only in permanent teeth.

There was no difference in carious dentin depth between permanent and primary teeth, regardless of the artificial caries model.
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INTRODUCTION

The evaluation of secondary cariesinhibition by
dental materialshasincreasedinthelast yearsduetothe
incorporation of fluoride and antibacterial components
to restorative materias (1-4). In vitro studies produce
artificial cariesto simulatethe cariogenic challengeand
analyzethecariostati c effect of material sby mineral loss
(3), microhardness (3), inhibition zone formation and
depth of developed outer lesion (1,2).

Theartificial cariesmodelsfoundintheliterature
focus on physicochemical aspects of dental caries,
namely static (acid gel or solutions) (1,2) or dynamic
(pH regimens) (4,5) chemical models, and can also use

microorganisms as acid producers in cultures (1,6),
known as biological models. Different methodologies
have been indicated to assess the depth of carious
lesions produced in these model s, such as microradiog-
raphy (3), polarized light microscopy (3) and confocal
laser scanning microscopy (CLSM) (2).

CLSM isabletoidentify tissue-emitting fluores-
cent signal and has been widely used to validate the
extension and removal of carious dentin (7-11), which
exhibits natural autofluorescence (AF) detectable by
CLSM. The advantages of CLSM include a non-de-
structive examination and no heeed of specimendrying,
which minimized the risk of technical artifacts (12).
Cariousdentin hasastrongly increased AF compared to
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itssound counterpart (7). Althoughitisassumedthat AF
is caused by mineral loss (11) and an interaction
between modified matrix moleculesand bacteriapresent
in the infected dentin lesion (8,13), its main cause
remains unknown. Furthermore, the literature is con-
troversia regarding AFinartificial cariouslesion. While
insomestudies AF wasverified only inlesionsinduced
by bacteria (8,13), another study visualized AF in
lesionsinduced by carboxymethylcellulosegdl (bacteria
free) (11). Comparative studies of caries development
have shown that caries progression is faster in the
primary thanin the permanent dentition (14,15), but this
difference was not studied by CLSM.

The aim of this study was to analyze compara-
tively by CLSM the depth of artificial carious dentin
lesions produced by biological and chemical modelsin
permanent and primary teeth. The tested hypothesisis
that artificial cariousdentinlesionshavethe samedepth
when produced by either biological or chemical models
in both permanent and primary teeth.

MATERIAL AND METHODS
Preparation of Dentin Specimens

This study was performed under the protocol
approved by the Research Ethics Committeeof theDentd
School of Piracicaba, University of Campinas, Brazil.

Intact extracted 1st primary molars and 1st
premolars were selected. Teeth were stored in 0.1%
thymol for 1 month and then stored in distilled water at
4°C until use. The occlusal enamel was sectioned
perpendicular to tooth long axis with a water-cooled
low-speed diamond saw (Isomet; Buehler Ltd., Lake
Bluff, IL, USA) to expose the subjacent dentin. Dentin
waswet ground flat with 180- and 400-grit silicon carbide
paper until a uniform enamel-free dentin surface was
obtained. The roots were sectioned 1 mm short of the
cementoenamel junction and discarded. Thepul p cham-
ber was filled with composite resin. Specimens were
painted with an acid-resistant nail polish (Colorama;
CEIL Com. Exp. Ind. Ltda., Sdo Paulo, SP, Brazil), except
for a4 x 2 mm areain the coronal dentin that would be
further submitted to artificial caries development.

Artificial Caries Development

Two models of artificial caries development
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were used: biological (broth culture with Sreptococcus
mutans - UA159) and chemical (carboxymethylcellu-
lose acid gel). Four groups (n=6) were formed accord-
ing to the caries development model and tooth type: I)
primary artificial carious dentin and S. mutans; 1)
primary artificial carious dentin and carboxymethylcel-
lulose acid gel; 111) permanent artificial carious dentin
and S. mutans; 1V) permanent artificial carious dentin
and acid carboxymethylcellulose gel.

Specimens from Groups | and Il were fixed
with orthodontic wire on the lids of glassvials contain-
ing 22 mL of sterile distilled water and immediately
autoclaved at 121°C for 15 min, and then transferred to
another glassvial containing 22 mL of sterilebrain-heart
infusion (BHI) broth (Becton Dickinson and Company,
Sparks, MD, USA) supplemented with yeast extract
(HimediaL aboratories, PVT Ltd., Mumbai, India), 0.5%
glucose (Synth; LabSynth, Séo Paulo, SP, Brazil), 1%
sucrose (Synth; LabSynth) and 2% S. mutans (UA159)
for development of theartificial cariouslesions(6). The
concentration of this bacterial suspension was deter-
mined by measuring absorption at 660 nm (Agg) (16).
In order to adjust the number of viable bacteriato Aggp,
the number of colony-forming units per milliliter of
bacterial suspension (cfu/mL) was determined with the
use of standard spreading techniques at carious optical
densities(16). Inoculation occurred only inthefirst day
of the experiment, but the broth wasrenewed every 48
h during 14 days (6). Contamination of the broth was
checked very day using Gram staining.

Specimens from Groups |l and 1V were fixed
with orthodonticwireonthelidsof glassvialscontaining
22 mL of 6% carboxymethylcelluloseacid gel (Proderma
Pharmacy, Piracicaba, SP, Brazil) at pH 5.0 and 37°C.
The gel contained 0.1 M lactic acid titrated to pH 5.0
with aconcentrated KOH solution (11). The specimens
remained in the gel for 14 days without renewa (1).

After artificial caries development, specimens
were washed with distilled water and sectioned
mesiodistally on the center of the carious lesion with a
water-cool ed low-speed diamond saw (Isomet; Buehler
Ltd.) providing two halves.

Confocal Laser Scanning Microscopy
Both halves of each carious dentin specimen

were stored in water and kept humid throughout the
investigation. Measurements were carried out with a
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confocal laser scanning microscope (LSM-510 META;
Carl Zeiss, Jena, Germany) using 4x/0.13 objective and
an Argon gas laser source with excitation band at 488
nm wavel ength and the 505 nm long passfilter was used
to detect the AF. Higher magnification of caries central
areawas aso visualized using 20x/0.4 (corr) objective
toanalyzecariousdentin morphol ogy. Histotomographic
images (parallel to the surfaces) were recorded within
the specimens. Standard settings for contrast, bright-
ness and laser power were used for all images.

Three measurements of carious dentin depth
were performedin each specimen at 3 equidistant points
(500 um) of thelesion border. An averagedepthfor each
specimen was calculated from the individua values
based on fluorescence difference between demineral-
ized and sound dentin (7).

Statistical Analysis

One-way ANOV A and Tukey post-hoc test were
used to compare the depth carious dentin measurements
between biologic and chemical artificial cariesdevelop-
ment model, and between primary and permanent teeth.
Statistical significance level was set at o= 0.05.

RESULTS

The results are presented in Table 1. For perma-
nent dentin, therewas statistically significant difference
(p=0.01) on caries depth measurements when the bio-
logical and chemical models were compared, while for
primary dentin, no statistically significant difference
(p=0.28) was found between the models. There was no

Tablel. Dentin caries depth measured by CLSM in lesions
producedin primary and permanent teethusing different artificial
cariesdevel opment models.

Primary teeth Permanent teeth
Biologica mode 233.4(20.79)A ,a 259.39 (96.25)A ,a
Chemical model 204.4 (92.95)A ,a 138.90 (6.05)A b

Mean (SD) expressed in mm. Same uppercase lettersindicate no
statistically significant difference between tooth types (columns)
(ANOVA and Tukey test; p>0.05). Same lowercase letters
indicateno statistically significant difference between cariesmodel
(rows) (ANOVA and Tukey test; p>0.05).

significant difference between primary and permanent
dentin caries depth measurements when submitted to
either the biological (p=0.54) or the chemical (p=0.11)
model. CL SM images of permanent dentin showed that
thebiological model (Fig. 1A) produced deeper lesions
than the chemical model (Fig. 1B). In addition, the
biological model produced a carious tissue with more
demineralization and well-defined tubules (Fig. 2A),
while the chemical model produced a more dense and
compact structure, without well-defined dentina tu-
bules (Fig. 2B). Regarding the primary dentin, the
CLSM images showed no difference between the
cariesmodels (Fig. 3A and B), and dentin tubules were
very evident in both methods (Fig. 4A and B).

DISCUSSION

The dentin has a property named AF, which
results from the presence of chromophores in dentin
(12). News devices have been developed to diagnose
and remove caries using fluorescent procedures, such
asDiagnodent (17) and fluorescence-ai ded cariesexca
vation (FACE) (10). It has been demonstrated that the
use of optical fibers coupled to alow-speed handpiece
to generate light and excite the chromophores allowed
the operator identifying and removing carious dentin
more accurately than by visual and tactile criteria (10).
Thus, under clinical conditions, the analysis of carious
dentin AF can be a helpful auxiliary method for the
identification and safe removal of carious tissue.

Although some studies (9,13) have suggested
that the AF of caries-like lesions would be due exclu-
sively to the presence of bacteriain the infected dentin
because of the bacteria/dentin matrix interaction, the
results of the present study indicate that dentin mineral
losscould alsobeassociated withanincreased AF, even
in bacteria-free conditions. Similar results have been
reported elsewhere (11,18).

Thetested hypothesisthat artificial carious den-
tin lesions produced by either biological or chemical
model sin both permanent and primary teethwould have
the same depth was rejected. There was difference
between the models for permanent dentin. CLSM
images showed that the biological model was more
aggressive, developing deeper lesions and causing a
higher demineralization in dentin structure than the
chemical model (Figs. 1A and 4A), which produced
thinner lesions(Fig. 1B). Thelow pH of artificia caries
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models produces a minera loss from teeth to the
surrounding environmental medium (gel or broth). In
the biological model, the constant change of broth
(every 48 h) might have promoted an unsaturated
environment of minerals, leading to a continuous dem-
ineralization of specimens. In addition, sucrose and
glucose supplied in the broth represents a nutrient
sourcefor acid production by S. mutans, keeping the pH

1=31492 ym, 90.0°

1=269.93 ym, 90.0°
=359.91 ym, 90.0°

H
100 um

around 4.0 (19). Unlike this conditions, the specimens
in gel were maintained at pH 5.0 for 14 days without
renewal.

Regarding primary dentin, the higher magnifica-
tion of caries-likeimagesverified similar characteristics
about depth and morphology in both models (Fig. 4A
and B). Since primary teeth shows areduced degree of
mineralization compared to permanent teeth (20), their

[=17545um, 90.0°

N

1=166.46 um, 90.0°

Figure 1. Analysis of artificial caries depth in permanent teeth produced by biological (A) and chemical (B) modelsby CLSM (4x/

0.13 corr).

Figure 2. Greater magnification of caries-likeimagesin permanent teeth produced by biological (A) and chemical (B) modelsin CLSM
(20x/0.4 corr).

Braz Dent J 19(2) 2008



Depth of caries-like lesions by CLSM 143

resistance to cariogenic challenge is reduced and both
model swereaggressiveto primary dentin. Thechemical
model produced caries depth comparable to those
produced by the biological model and no statistical
differencewasfound betweentheartificial cariesmodels.

Caries dentin was excavated with curettes for
tactile exam in both types of teeth. The carious tissue
produced with biological model presented a structure

1=24744 um, 900 °

1=23394 um, 90.0°¢

more similar to that of natural caries. It was softer and
looser than the tissue produced by the chemical model,
resembling the infected-caries dentin. The chemica
carious tissue presented a rubbery and dense structure,
as observed by CLSM. However, other studies are
necessary to evaluate the molecular, physical and
mechanical properties of artificial carious dentin in
order to define which model is more appropriate. The

1=13047 ym, 90.0°

1210347 um 2900 ° " == 7 [=11247pm, 90.0°

Figure 3. Analysis of artificial caries depth in primary teeth produced by biological (A) and chemical (B) models by CLSM (4x/0.13

corr).

Figure 4. Greater magnification of caries-like imagesin primary teeth produced by biological (A) and chemical (B) modelsin CLSM
(20x/0.4 corr).
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findings of this CL SM study showed that for permanent
teeth, there was significant difference on caries depth
measurements comparing the biological and chemical
models, whereas for primary dentin, no significant
differencewasfound betweenthemodels. Furthermore,
there was no significant difference between primary
and permanent teeth comparing carious dentin depth by
CLSM analysis, regardlessof theartificia cariesmodel.

RESUMO

O objetivo deste estudo foi comparar a profundidade de cérie
produzidaem dentinapermanente e deciduapor model osbiol 6gico
equimicodeproducgdoartificial decérieutilizando o microscdpio
confocal de varredura alaser (CLSM, nasiglaem Inglés). Seis
molares deciduos e seis pré-molares foram usados. O esmalte
oclusal foi removido expondo adentinasubjacente. A seguir, um
verniz de unha foi aplicado em toda a amostra, exceto em uma
areade 4 x 2 mm na superficie dentinéria. Metade das amostras
foi imersaem gel acido por 14 dias (modelo quimico) e a outra
metade imersa em BHI com S. mutans por 14 dias (modelo
biol 6gico). Apds o desenvolvimento dacérieartificial, ascoroas
foram seccionadas|ongitudinalmenteno centro dalesdo decérie.
Trésmedidasdaprofundidadede cérie produzidaforamrealizadas
aolongo de cadaespécimeeanalisadasem CLSM. Asmedidasda
profundidade de cérie entre os model os e entre ostipos de dentes
foram analisadas pelo teste de ANOVA aum critério e teste de
Tukey (p<0,05). Paraosdentes permanentes, o model o biol 6gico
mostrou maiores valores de profundidade de cé&rie quando
comparado a0 modelo quimico. Entretanto, para os dentes
deciduos ndo houve diferenca estatisticamente significante na
profundidade de cérie entre os model os. Desta forma, 0 modelo
deprodugdodecarieartificial influenciou aprofundidadedecarie
apenas para os dentes permanentes, ndo existindo diferenca na
profundidade de cérie entre dentes deciduos e permanentes,
independente do modelo de cérie utilizado.
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