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ABSTRACT

Objective: The aim of this study was to assess the
amount of chemical elements (Ca, O, C, B Fe, and
Mg) and the cross-section hardness of sclerotic
darkened dentin in human teeth. Material and
Methods: The study was approved by the local
IRB and ten extracted teeth (five sound and five
presenting sclerotic darkened dentin) were used.
Tooth was sectioned mesiodistally and each half
was used for each test. Amount of chemical
elements (%w) was determined by energy
dispersive X-ray spectroscopy (EDS) in three
different dentin areas (shallow, medium, or deep
sound or sclerotic dentin). Knoop microhardness
was determined at the same EDS areas. Data
were analyzed by two-way ANOVA and multiple
comparison tests, with significance level at 5%.
Results: No difference on microhardness was
detected between sound and sclerotic dentin (p =
0.743) and also among dentin depths (p = 0.837).
Lower Ca (p = 0.024) and higher C (p = 0.015)
amounts were found at superficial sclerotic dentin.
Increased Mg content (p < 0.001) was detected
in sound dentin. Conclusion: It was concluded
darkened sclerotic dentin presents similar
cross-section microhardness to sound dentin.
The assessed chemical elements were similarly
present in sound or sclerotic dentin, except for
Mg, which was present higher concentration in
sound dentin. Ca and P were lower in superficial
sclerotic dentin.
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RESUMO

Objetivo: O objetivo deste estudo foi avaliar a
quantidade de elementos quimicos (Ca, O, C, B Fe e
Mg) e a microdureza superficial da dentina esclerdtica
escurecida em dentes humanos. Material e Métodos:
O estudo foi aprovado pelo Comité de Etica local e dez
dentes extraidos (cinco higidos e cinco apresentando
dentina esclerosada) foram utilizados. Os dentes foram
seccionados no sentido mésiodistal e cada metade foi
utilizada para cada teste. A quantidade de elementos
quimicos (%w) foi determinada pela espectroscopia de
raio-x por dispersdo em energia (EDS) em trés dreas
dentindrias diferentes (superficial, média ou profunda).
Estas mesmas areas tiveram a microdureza superficial
Knoop determinada. Os dados foram analisados por
ANOVA dois fatores e teste de comparagdes muiltiplas,
com nivel de significancia de 5%. Resultados:
Nenhuma diferenca quanto a microdureza foi detectada
entre a dentina higida e esclerdtica (p = 0,743) e nem
em relacdo as profundidades (p = 0,837). Menor
quantidade de Ca (p = 0,024) e maior quantidade de C
(p = 0,015) foram encontradas na dentina esclerdtica
superficial. O aumento do conteido de Mg (p <
0,001) foi detectado na dentina higida. Conclusao:
Pode-se concluir que a dentina esclerética apresenta
microdureza superficial similar a dentina higida.
Os elementos quimicos estudados apresentaram-se
igualmente para os dois tipos de dentina, exceto para
o Mg, o qual estava em maior quantidade na dentina
higida. O célcio e o fésforo apresentaram quantidades
reduzidas na dentina esclerdtica superficial.
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INTRODUCTION

C aries is one of the most prevalent diseases
in human population [1,2] and restorative
procedures for treating carious lesions are
in constant development. Black previously
established clinical protocols for amalgam
cavity preparation focused on macromechanical
retention, and material and tooth resistance
[3,4]. The evolution of microbiological
knowledge on caries disease and carious tissues
[5] has allowed the use biocompatible materials
that accelerate the remineralization process
of mineral-deprived dental tissue, leading to
greater preservation of sound structure [6-8].

The minimum intervention, reported in
the 70’s [9,10], prioritizes the healing of caries
affected tissue over the configuration of cavity
design. In that technique, healing of carious
dentin depends on remineralization, and
clinically this substrate becomes hardened and
often darkened [6,11,12]. The characterization
of sclerotic dentin in vitro is reported to be related
to the presence of transparent dentin underneath
dentin carious lesion [13]. The assessment of
that dentin is sometimes misinterpreted by
evaluators and also by fluorescence measuring
equipments [8,14-16].

Despite the knowledge of the disease
microbiology [11,17], dentin remineralizing
potential, and properties of some restorative
materials, the biological mechanisms of
remineralization by the pulp-dentin complex are
not fully understood.

To the best of our knowledge, there is
no clear information on how arrested/sclerotic
dentin darkens. The understanding regarding
the mineral amount in sclerotic darkened dentin
at different depths is important, considering
inorganic and organic processes are taking
place [18]. As the presence of darkened sclerotic
dentin is the clinical confirmation parameter
of the remineralization process [11,12], the
assessment of chemical elements related to
minerals present in dentin such as calcium and
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phosphorus [12], and those that would possibly
be involved in the remineralization process
such as iron and magnesium, would provide
an insight for possible information on the path
of dentin remineralization. By understanding
the darkening in dentin sclerosis process, one
would be able to improve the clinical protocols
for achieving such condition in a faster, easier, or
more effective manner.

Thus, the aim of this exploratory study
was to compare the microhardness and chemical
components of sclerotic darkened human dentin
to sound dentin, within several depths.

MATERIAL AND METHODS

The present study was approved by the
local Institutional Review Board (protocol #
044241/2014). Ten teeth, being five sound and
five with the presence of sclerotic darkened
dentin, were used. The sclerotic darkened dentin
resulted from very shallow cavities, restricted
to the enamel dentin junction area. Teeth were
collected in clinics in the local University, after
informed written consent was given by patients.

Tooth crown was separated from root at
the amelo-cementum level, and the remaining
crown was sectioned mesiodistally into two
halves. Cutting procedures were performed in
a cutting machine, Labcut 1010 (Extec, USA).
Tooth surface was polished in a polishing
machine (Zwick, Sdo Bernardo do Campo, Sao
Paulo, Brazil), using sequential sandpaper discs
with granulation up to 1200-grit.

The prepared tooth surface was
photographed with a digital camera (Canon T3i)
and 100mm micro lens to guide the areas to be
analyzed. Each tooth had a section evaluated
for chemical element by Energy Dispersive X-ray
Spectroscopy and the other section evaluated on
Knoop microhardness (KHN).

Knoop Microhardness analysis

Half of each crown was subjected to
microhardness analysis in a FM-700-Tech Future
equipment. Indentation parameters were set at
10 g load for 10 s [19].
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Prior to hardness assessment, the half
crown submitted to KHN testing was embedded
in plaster in order to achieve parallelism between
the surface and the bottom of specimens.
Delimitation of dentin depths, in relation to
the pulp chamber (superficial, medium and
deep), was guided by printed pictures, directing
the operator in both performed tests. Dentin
under the enamel-dentin junction or below
dentin lesion, in the arrested dentin group,
characterized the superficial dentin. Medium
depth dentin was determined at the midway
between the superficial dentin and the pulp
chamber wall. Deep dentin area was set close to
the pulp chamber wall.

The cross-section hardness was assessed
at the three predetermined dentin areas; three
indentations in each area were performed. The
indentations mean represented the value of each
dentin area studied.

Energy Dispersive X-ray Spectroscopy
(EDS) analysis

The other half of the crown was subjected
to EDS to determine the concentration (w%) of
chemical elements at the dentin thirds previously
described. The opposing surface of hemi-crowns
was ground in a polishing machine and specimen
thickness was standardized at 4 mm.

Specimens were fixed with carbon tape to a
rigid base and submitted to EDS analysis using a
Scanning Electron Microscope Inspect S50 (FEI).
Three areas were evaluated in each sample,
following previous delimitations. The chemical
elements analyzed were: calcium, oxygen,
carbon, phosphorus, magnesium and iron. The
parameters used for EDS were: 20 kilovolts (kV)
accelerating voltage and 15 mm distance.

Statistical design

This study considered two independents
variables, type of dentin (two levels: sound
and sclerotic), and dentin depth (three levels:
superficial, medium and deep). The dependent
variables were the concentration of chemical
elements (Ca, C, O, B Fe, Zn, Cu, and Mg) in
weight % and dentin microhardness.

Determination of chemical elements and cross-section

hardness of sclerotic darkened human dentin

The results were statistically analyzed
using the STATISTICA software (STATSOFT,
version 8.0, 2010). Descriptive statistics
consisted of mean and standard deviation values
and inferential statistics consisted of normality
tests, two-way ANOVA and Tukey’s test. The
significance level was set at 5 %.

RESULTS

The mean and standard deviation values
of hardness in sound and sclerotic dentin are
shown in Figure 1.

Two-way ANOVA revealed no statistical
differences for dentin type (p = 0.743) and for
depth evaluated (p = 0.837). The interaction of
factors was also not significant (p = 0.817).

The mean and standard deviation values
of chemical elements quantity in sound and
sclerotic dentin, according to assessed depth,
are shown in Table 1.

According to the statistical analysis, lower
Ca and P amounts (p = 0.024 and p = 0.003,
respectively) were found at superficial sclerotic
dentin. Higher C amount (p = 0.015) was found
at superficial sclerotic dentin. Higher amount of

Dentin x Depths

100 A

KHN Mean = SD

Sclerotic Healthy

Figure 1- Mean and standard deviation according to the dentin
type and depth analyzed.
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Mg was detected for sound dentin (p < 0.001), Representative EDS graphs of chemical
with increased concentration with increasing elements quantification (in w%), for sclerotic
depth (p < 0.001). (Figure 2) and sound (Figure 3) dentins follow.

Table | - Mean and standard deviation according to the each chemical element concentration in weight%

. Superfidal  2880+480¢ 11034182 3621+ 260° 2363702 027:£010° 006+ 007"
ngﬂc Medium 3411 £23p 1377033 3576 + 0.96° 15884227 046 +006° 00000t
Deep 3379+260° 1388076 3667175 1485.£224) 077:£02F 004£005°

Superficial 33594105 1385037 3595+ 130 1589202 070+008° 002002

g‘;ﬁ;‘lﬂ Medium 3438105 1432+ 069" 3478+07F 15914165 080+009" 001002
Deep 3158+ 243 1364+ 075 3731153 1628+ 250" 102:+014° 01+ 012

Different letters denote differences within each chemical element assessed (within each column).
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Figure 2 - Representative chemical composition of sclerotic darkened dentin.
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Figure 3 - Representative chemical composition of sound dentin.
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DISCUSSION

It is scientifically accepted dentin hardness
is not only related to the mineral amount, but
also to the distribution of peri and intertubular
dentin and dentin tubules [20]. In this study
there was no influence on microhardness
according to dentin type, sound or sclerotic, and
depth. The present results are similar to data
presented in literature [21], but contrasting to
others reporting sclerotic dentin presents lower
hardness than sound dentin [22]. According
Ogawa 1983 [23], the dentin right underneath
carious dentin presents lower hardness than
sound dentin and might not be called sclerotic
dentin. The transparent dentin presents more
minerals and consequently is harder. There is
no consensus on the clinical determinants of
sclerotic dentin; it is believed it is clinically dark
and hard. This lack of standardization of sclerotic
dentin, or even the lack of correlation between
dentin morphology and hardness [21], might be
responsible for differences in characterization of
sclerotic dentin, as previously reported.

The results of this study seem appropriate
since sclerotic dentin presented similar hardness
to sound dentin. In clinical scenarios, sclerotic
dentin is assumed to be harder as it is generally
compared to carious dentin, leading to the
impression sclerotic dentin would be very hard
and harder than sound dentin. The lower hardness
values reported in the literature for the superficial
layer of sclerotic dentin might be explained by the
difficulty in determining the presence of sclerotic
dentin or demineralized dentin by caries process.
It is important to highlight that sclerotic dentin
represents success if considering the arresting
(hardening and dakening) of dentin lesion, fact
detected in stepwise carious removal studies
[24,25]. Thus understanding such successful
scenario would improve clinical protocols in
accelerating such process.

As previously stated, microhardness
assessment is not fully correlated to mineral
content in dentin, as the amount of intertubular
and intratubular dentin, and also the amount of
tubules influence the results. A microradigraphy
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assessment could be used, as its correlation
to mineral content is stronger, highlighting a
possible limitation of the present study. On the
other hand, studies assessing sclerosis of dentin
usually determine their hardness characteristics
using microhardness testing.

As dentin darkening is often the clinical
parameter to determine the presence of
sclerotic dentin, fact previously reported on
stepwise excavation studies, we assume that
understanding the mechanism of dentin being
sclerotic and dark would improve and optimize
current protection protocols of the pulp-dentin
complex. That mechanism could be related to
mineral composition or chemical elements in
sclerotic dentin, guiding or as a result of that
process [26]. Based on that supposition, the
present study also focused on chemical elements
of sclerotic dentin.

For calcium (Ca) amount, there was no
influence of dentin type or depths evaluated.
The statistical analysis revealed interaction of
both factors, as the superficial dentin in the
sclerotic group presented lower concentration of
Ca in weight %. Previous studies have reported
the mineral composition of sclerotic dentin
[27-30], with lower concentration of calcium
compared to sound dentin. Those results are
consistent with dental caries pathology, more
specific to the demineralization process, which
is characterized by mineral loss [28,31,32].
Calcium concentration may also vary according
to age, gender, location and environmental
factors [29,30,33,34].

Phosphorus (P) presented significant
interaction of factors (dentin type and depth),
with similar amount in the different depths for
sound dentin, while lower amount was detected
at the superficial dentin within the sclerotic
dentin group. These data are in agreement with
calcium data obtained, and are possibly related
to the inclusion of carious / demineralized
dentin in this analysis [26].

The non-linear correlation between
mineral content and hardness of dentin
[35-37] in specific scenarios, such as under
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demineralization and remineralization
processes, might be another explainion of
the lack o correlation between calcium and
phosphor data with hardness data at superficial
sclerotic dentin.

A decreasing pattern of mineral
content in dentin toward to the pulp [38] was
not detected for any hydroxyapatite-related
chemical elements studied (Ca and P).

Oxygen was studied because higher
values were found in sclerotic dentin in the
pilot study (data not presented). This possible
increase suggests collagen oxidation on sclerotic
area, resulting in darkening [39]. Unfortunately,
oxygen increase was not detected in this study.

Regarding the Carbon (C) amount, there
was no difference for dentin type (sclerotic x
sound). Differences were detected for dentin
depth and also for the interaction of factors
interaction (dentin type and depth). The
superficial dentin showed greater Carbon w%
compared to other depths within sclerotic dentin
group. That observation is also possibly related
to mineral loss in superficial sclerotic dentin,
which leads to increase in organic components
that present carbon in their structure.

Lower magnesium (Mg) amount
present in sclerotic dentin is in agreement
with literature data [40]. Mg is a natural
constituent of hydroxyapatite present in
peritubular and intertubular dentin. Magnesium
is the first element to be lost during dentin
demineralization process, even prior to Ca and
P [40]. Remineralization presents restored
mineral content (non-apatite) often with no Mg
on its composition. This process occurs mainly
at peritubular dentin, and less intensely in the
intertubular dentin, which explains the smaller
Mg values shown in sclerotic dentin.

Iron element was almost not detected as
its amount was close to the detection level in
most of the observations. The lack of difference
between sound and carious dentin in the amount
of iron was previously reported [41], and agrees
with the present study.
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CONCLUSION

It is concluded microhardness of sclerotic

darkened dentin, clinically characterized, does
not differ from sound dentin. Microhardness
was also similar within the analyzed depths.
The assessed chemical elements were similarly
present in sound or sclerotic dentin, except for
Mg, which was present higher concentration in
sound dentin, and for Ca and B being lower in
superficial sclerotic dentin.
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