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Abstract — Aim: To evaluate the staining susceptibility of new calcium alu-
minate cement (EndoBinder, EB) in teeth, with or without radiopacifying
agent, in comparison with mineral trioxide aggregate (MTA). Materials
and methods: Forty bovine incisors were used. After biomechanical prepa-
ration and filling, 2 mm of their fillings were removed for cervical plug fab-
rication (n = 10): EB without radiopacifier; EndoBinder + Bismuth Oxide
(EBBO); Gray mineral trioxide aggregate (GMTA) and White mineral tri-
oxide aggregate (WMTA). After teeth restoration, initial color readout was
taken (Easyshade — CIE Lab) on the vestibular face. The teeth were stored
in artificial saliva at 37°C for | year, and after time intervals of 30, 180,
and 360 days, new color readouts were taken to determine color alteration
(AE) in comparison with the initial readout (baseline). Results: The
results (2-way aNova repeated measures, Bonferroni — P < 0.05) demon-
strated that after 360 days, all groups presented AE above the clinically
accepted limit (AE > 3.3), however, without significant difference among
them (P > 0.05). All groups presented decrease in AL values over the
course of time, and the greatest variation occurred for WMTA, with signif-
icant difference in comparison with EB and EBBO (P < 0.05). Conclu-
sions: Some negative features of MTA, such as the high incidence of
dental structures staining justify the development of new materials.
GMTA, WMTA, and EB with and without radiopacifying agent displayed
color alteration (AE) after 360 days; however, the luminosity change (AL)
was lower in EB in comparison with GMTA and WMTA.

Certain procedures performed in endodontic therapy,
such as apexifications, pulpotomies, paraendodontic
surgeries, treatment of internal resorptions, and root
and furcal perforations require specific sealing cement
to obtain successful treatment (1). Mineral trioxide
aggregate (MTA) was initially developed as a material
for retrograde filling and root and furcal perforations
treatment (2); and due to its good performance, it has
been used in various other applications, mainly in den-

tal traumatology (3-8).

Mineral trioxide aggregate is basically composed of
Portland cement (% by weight) (75.0), Bi,Os; (20.0),
and dehydrated CaSOy4 (5.0) (9). Portland cement con-
sists of SiO, (21.2), CaO (68.1), ALO; (4.7), MgO
(0.48), and Fe,O3 (1.89) which, when water is added,
forms a hydrated calcium silicate paste (10).

Despite the good performance of MTA as a sealing
cement (7), certain of the negative features of the
material must be considered, such as the low compres-
sive strength (11); long setting time (12); handling char-
acteristics (13); low flow ability (2); high solubility in a
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humid environment (14); presence and release of
arsenic (15) and high incidence of staining dental struc-
tures (16, 17).

Initially, MTA was available commercially only in
the gray form. The high concentration of iron oxide in
its composition, responsible for the dark color of the
material, limited its application to posterior teeth due
to staining caused by the material in the dental tissues
(10, 17). To solve this deficiency, a new version of MTA
was developed, with a low iron oxide concentration.
However, some studies have pointed out that this ver-
sion also caused darkening of dental tissues (9, 16, 17).

These deficiencies justify the development of new
materials with adequate biologic and physicomechanical
properties (14). Thus, a new calcium aluminate-based
cement (Patent Number PI10704502-6, 2007) called En-
doBinder (Binderware, Sdo Carlos, SP, Brazil) was
developed to maintain the good performance of MTA,
but without its negative features. EndoBinder is pro-
duced by the process of Al,O3; and CaCO; calcination
at temperatures ranging from 1315 to 1425°C (18). The

383



384 Garcia et al.

calcium aluminate formed is cooled and then triturated
until an adequate particle size is obtained. This process
of synthesis used to obtain EndoBinder provides a
material with advantages in relation to MTA, among
them, the control of the levels of impurities such as
Fe,03, which causes tooth darkening (16). As a radiop-
acifying agent, bismuth oxide (20% by weight) is added
to the cement, to promote adequate radiopacity (19), in
accordance with specification ISO 6876 (20).

Thus, the aim of this in vitro study was to evaluate
the staining susceptibility of new calcium aluminate
cement (EndoBinder) in teeth, with or without the
addition of a radiopacifying agent (bismuth oxide), in
comparison with Gray and White MTA (GMTA and
WMTA). The null hypothesis tested was that there
would be no difference in the staining ability of the
tested cements, irrespective of the presence or absence
of the radiopacifying agent in EndoBinder.

Material and methods

Sample preparation - teeth filling

Forty healthy bovine incisors were used, with root
length standardized at 20 mm. Before biomechanical
preparation, the teeth were immersed in a 0.5% chlor-
amine solution for 48 h for disinfection, and then,
washed in running water for 24 h. After this, they were
radiographed to evaluate the root canals. Access cavity
was performed on the palatine face of the teeth with
spherical carbide bur no. 5 (KG Sorensen, Sdo Paulo,
SP, Brazil), mounted at high-speed appliance (Silent —
MRS 400; Dabi Atlante, Ribeirdo Preto, SP, Brazil),
and finishing and divergence of cavity walls with Endo
Z bur (Dentsply/Maillefer, Tulsa, OK, USA). The root
canal was abundantly irrigated with 1% sodium hypo-
chlorite solution and the working length determined by
inserting a K-type file (Dentsply/Maillefer) compatible
with the root canal diameter until it was visualized in
the apical foramen and then withdrawn 1.0 mm. Due
to the great root canal size, it was debrided only with
Gates-Glidden burs #6, 5, 4, and 3 consecutively
(Dentsply/Maillefer) mounted at low-speed appliance
(MRS 400 — Dabi Atlante), respecting the working
length. Irrigation was performed with 2.5 ml of 1%
sodium hypochlorite at each change of instrument, dry-
ing with absorbent paper cones (Dentsply/Maillefer)
and the teeth were filled with gutta-percha points
(Dentsply/Maillefer) and Sealer 26 filling cement
(Dentsply, Petropolis, RJ, Brazil) by the classic lateral
condensation technique (21). After 7 days (period
equivalent to three times the setting time of the filling
cement, as recommended by the manufacturer), 2 mm
of the filling were removed with a preheated Hollen-
back 3S instrument (SS White/Duflex, Rio de Janeiro,
R1J, Brazil) and remnants of Sealer 26 were cleaned out
from the access cavity using 92.6% alcohol. The teeth
were then randomly separated into four groups
(n = 10) according to the type of cement used as cervi-
cal plug, as described in Table 1.

The cements were manipulated in accordance with
the manufacturers’ recommendations, with the propor-

Table 1. Cements used in the study

Groups Materials Manufacturer

EB EndoBinder without
radiopacifying agent

EBBO EndoBinder + 20%
(weight) Biy05

GMTA MTA Gray

WMTA MTA White

Binderware, Sao Carlos, SP, Brazil

Angelus, Londrina, PR, Brazil

MTA, mineral trioxide aggregate; EB, EndoBinder; EBBO, EndoBinder + Bis-
muth Oxide; GMTA, gray mineral trioxide aggregate; WMTA, white mineral
trioxide aggregate.

tion of 1 g of powder to 0.21 ml of distilled water
being used for EndoBinder; and for MTA, one dose of
powder to one drop of distilled water (18).

After fabricating the cervical plug, the teeth were
restored with composite Z250 (A3 shade — 3M ESPE
Dental Products, St. Paul, MN, USA) according to the
incremental technique, using a two-step adhesive sys-
tem with prior acid etching (Adper Single Bond 2; 3M
ESPE Dental Products) and light activation with a
LED-type appliance (FlashLite 1401, Discus Dental —
Culver  City, CA, USA - light inten-
sity > 1100 mW cm 2 and wavelength in the band
between 460 and 480 nm), for 20 s. After this, the sam-
ples were photographed (Canon EOS, Digital Rebel
XTi, Lake Success, NY, USA) for comparison of the
images before and after 360 days.

Color analysis

The initial color readout was performed in the center
of the cervical region on the vestibular face of each
tooth, using Spectrophotometer Easyshade (VITA
Zahnfabrik, Bad Sickingen, Germany), a portable
appliance with a digital pointer capable of reading
color numerically (22). The observation pattern simu-
lated by the Spectrophotometer followed the CIE
L*a*b* system, recommended by CIE (Commission In-
ternationale de 1’Eclairage). This consists of two axes,
a* and b* that have right angles and represent the
dimension of tonality or color. The third axis is lumi-
nosity L*, which represents the amount of light
reflected from the object, and it is expressed in numeric
values ranging from 0 (black) to 100 (white). As closer
to zero, the darker the color of the object. In turn,
lighter objects present numeric values close to 100. L*
axis is perpendicular to the plane a*b*. With this sys-
tem, colors can be specified with the coordinates L*,
a*, and b*.

After the initial color readout, the teeth were stored
in artificial saliva and kept in an oven at 37°C through-
out the period of 1 year. Every 7 days, the saliva was
replaced with fresh solution. After time intervals of 30,
180, and 360 days, new color readouts were performed
for comparison with the values obtained in the initial
readout (baseline).

The means for each coordinate were calculated and
the color alteration (AE) between the values obtained
in the initial and subsequent readouts was calculated
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with  the use of the following formula:
AE = [(AL)* + (Aa)* + (Ab)*]'?, where, AE is the color
alteration; AL = Lgina — Linitiati A@ = AFinal — @rnitials
Ab = bginal — bnia; AL represents the difference in
luminosity. Positive AL values mean the sample is
lighter than the standard (baseline readout), and nega-
tive values mean the sample is darker than the
standard. Aa represents the difference in the red—green
parameter (—a* = green and +a* = red) and Ab the dif-
ference in the yellow—blue parameter (—b* = blue and
+b* = yellow) (23). The values obtained were submitted
to the normality test (Kolmogorov—Smirnov) and sta-
tistical analysis (2-way ANova repeated measures, Bon-
ferroni’s test at a level of significance of 5%).

Results

The values obtained for AL and their comparison are
shown in Table 2. When comparing the values of the
various groups, it could be observed that all the sam-
ples presented decrease in AL values over the course of
time, which means loss of luminosity. This loss of lumi-
nosity may be interpreted as a trend toward darkening
of the tooth, because the negative values for AL repre-
sent a trend toward black. At 360 days, EBBO pre-
sented the least variation in AL, with statistically
significant difference in comparison with GMTA and
WMTA, which presented the greatest variation
(P <0.05). Samples of groups GMTA and WMTA,
after 360 days, presented staining in the cervical region,
as can be observed in Fig. lc.d.

The values obtained for AE and their comparison
are shown in Table 3. Over the course of the time of
analysis, an increase in the AE values was observed for
all groups. At 180 days, EB presented the highest AE
value, however, with the other groups also presenting
AE values above 3.0. Whereas in the final period of

Table 2. AL values for groups and periods

Periods
Groups 30 days 180 days 360 days
EB
Median 1.05% —1.32° —347%
Maximum 6.80 6.30 4.50
Minimum —3.40 —7.40 —7.70
EBBO
Median —1.85° —0.21? —1.85°
Maximum 1.70 7.20 7.90
Minimum —3.20 —5.80 —6.20
GMTA
Median —1.75% —3.60° —6.25"
Maximum 1.20 2.20 —210
Minimum —4.80 —9.40 —11.60
WMTA
Median —1.80% —521° —7.50°
Maximum 2.20 1.30 —3.20
Minimum —4.30 —38.80 —16.10

EB, EndoBinder; EBBO, EndoBinder + Bismuth Oxide; GMTA, gray mineral
trioxide aggregate; WMTA, white mineral trioxide aggregate.

Different letters in the columns indicate statistically significant difference
(2-way anova repeated measures, Bonferroni — P < 0.05).
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analysis, WMTA presented the highest AE value, fol-
lowed by EB, however, without statistically significant
difference in comparison with the other groups
(P > 0.05).

Discussion

This study evaluated the staining ability of new calcium
aluminate cement (EndoBinder) in teeth, with or with-
out the addition of a radiopacifying agent (bismuth
oxide), in comparison with Gray and White MTA. The
staining ability of MTA is known (16, 17), despite its
qualities (7). However, few studies in literature quantify
this color change. Thus, this study compares the color
alteration after use of MTA, in its two commercial
forms, with a new calcium aluminate-based cement
with potentially beneficial properties (18).

The dental structure staining of MTA is related to
its gray color, and in an endeavor to solve this prob-
lem, the manufacturer developed a white version of the
material (17). Both commercial forms of the material
have similar compositions, however, with lower concen-
trations of Al,O3, MgO, and mainly FeO in the white
version (10).

Nevertheless, in vivo studies have reported cases of
dental structures staining when perforations were trea-
ted with WMTA (16, 24), a result similar to that
found in this in vitro study. The hypothesis that not
only iron oxide but also other constituents of MTA,
such as bismuth oxide, used as radiopacifying agent
may cause staining have been questioned (16,17,24),
but not proved yet. Also, some manufacturers have
reported that the use of pure Portland cement (with-
out radiopacifying agent) provides better color stabil-
ity than the commercial form of MTA. However,
there are no studies which confirm such information
(17).

Studies have demonstrated that human and bovine
enamel are very similar in their composition, morphol-
ogy, and physical properties, thereby bovine teeth have
been used continuously to assess various properties of
human enamel (25). In the same manner, the diameter
and number of dentinal tubules per mm?> have been
reported to be similar for human molars and bovine
incisors (25). Furthermore, the permeability of bovine
dentin close to the cervical area has also been shown
similar to coronal human dentin, allowing its use in
this in vitro study (295).

It is known that the bismuth oxide present in MTA
is not inert, as it affects its hydration mechanism, mak-
ing its microstructure more fragile than that of Port-
land cement (26). The induction by MTA of reparative
tissue and dentin bridges formation in exposed pulps is
also reduced, due to the presence of bismuth oxide
(27). This compound becomes part of the hydrated
phase of the material, forming a structure composed by
hydrated bismuth calcium silicate, ettringite, and
monosulphate, which are leached with the calcium
hydroxide formed from the hydration of calcium sili-
cate (28). This process reduces the precipitation of cal-
cium hydroxide in the hydrated paste, altering the
reparative ability and decreasing physicochemical prop-
erties of MTA (28).
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Fig. 1. Color alteration observed in the samples of the groups evaluated before (above) and after 360 days of analysis (below).
(a) EndoBinder and (b) EndoBinder + Bismuth Oxide — cervical region close to the area of application of the cement without
signs of staining; (c¢) Gray mineral trioxide aggregate (MTA) and (d) White MTA — staining in the cervical region (indication).

Table 3. AE values for groups and periods

Per
Groups 30 180 days 360 days
EB
Median 4.50° 7.67° 7.27°
Maximum 11.28 14.75 15.22
Minimum 0.91 2.24 4.20
EBBO
Median 2.84° 6.33" 7.10%
Maximum 5.56 9.24 12.46
Minimum 1.74 2.96 4.68
GMTA
Median 3.15% 5.83% 8.40°
Maximum 5.01 9.49 11.74
Minimum 1.39 3.81 2.71
WMTA
Median 3.02° 6.02° 9.36°
Maximum 5.39 13.34 17.83
Minimum 0.66 3.36 5.92

EB, EndoBinder; EBBO, EndoBinder + Bismuth Oxide; GMTA, gray mineral
trioxide aggregate; WMTA, white mineral trioxide aggregate.

Different letters in the columns indicate statistically significant difference
(2-way anova repeated measures, Bonferroni — P < 0.05).

Furthermore, the biocompatibility of bismuth oxide
has been questioned, due to its degradation, which
raises the levels of this compound in tissues adjacent to
restorative materials, although its action on human
cells is not completely understood up to now (29).
However, recent studies have demonstrated that MTA,
with the addition of bismuth oxide is biocompatible,
proving that its use as radiopacifying agent is safe (9,
30).

Bismuth oxide is generally used as radiopacifying
agent due to its high atomic number, providing

endodontic cements with radiopacity values higher than
that equivalent to the Al scale (31). In a recent study,
Aguilar et al. (19) evaluated the radiopacity of Endo-
Binder associated with 20% by weight of different radi-
opacifiers and demonstrated that bismuth oxide
presented better performance than zinc oxide (ZnO)
and zirconium oxide (ZrO,). This property is important
in allowing evaluation of the quality of root canal fill-
ing, detection of perforations, and follow up of internal
resorptions, differentiation between adjacent anatomic
structures (enamel and dentin), periapical lesions, and
recurrent caries (32).

The results of this study demonstrate that the stain-
ing caused by MTA is not related to bismuth oxide,
because EndoBinder with and without radiopacifying
agent presented a similar performance between them.

All groups evaluated in this study presented color
alteration above the clinically acceptable limit
(AE > 3.3) after 360 days (33); result similar to that
found by Lenherr et al. (34) in a recent study. When
AL was evaluated separately, it could be observed that
the groups GMTA and WMTA presented greater loss
of luminosity, which represents greater darkening of
the teeth. Considering clinical parameters, loss of lumi-
nosity (darkening) may be interpreted as dental struc-
tures staining, a fact confirmed in the present study,
because samples of groups GMTA and WMTA pre-
sented signs of staining in the cervical region, area
close to the site of application of the cements (Fig. 1),
an alteration not presented in the groups EB and
EBBO.

In spite of the lower concentration of iron oxide,
WMTA presented the highest loss of luminosity (dark-
ening) at 360 days than the other groups, demonstrat-
ing that the difference in the concentrations of this
compound between the two commercial forms of MTA
is not the determinant factor in the staining ability of
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the material (16,17,24). WMTA was introduced into
the market as low-iron concentration cement; neverthe-
less, according to Camilleri and Pitt Ford (9), the
cement also promotes tooth darkening due to iron con-
tent oxidation, resulting in tetracalcium aluminoferrite,
which indicates that not only the composition of the
cements, but also the form of obtaining and sintering
them is related to their ability to stain dental struc-
tures.

Calcium aluminate-based cements, such as Endo-
Binder, are composed of three main phases, which
in turn are responsible for its hydraulic setting pro-
cess: the anhydrous phase CA (Ca0O.Al,O3), ranging
from 40% to 70% of the material; the CA,
(Ca0.2A1,05) phase (>25%), and the CjrA,
(12Ca0.7A1,03) phase (10%) (18). The sinterization
could be described by the following chemical reac-
tion: CaCO; + AlL,O; = Ca(AlO,), + CO,. In this
reaction, the crystalline phases of aluminate with
high Ca content are formed. As the furnace temper-
ature increases, CaO and Al,Os react with the com-
pounds formed in the beginning of the sinterization
process, producing phases with a low Ca content
(18). Under controlled conditions, it is possible to
obtain materials with high levels of calcium alumi-
nate purity, removing traces of free MgO and CaO,
responsible for the expansion of the cement in con-
tact with water (1) and Fe,Ojs, responsible for tooth
staining, as observed in both commercial forms of
MTA (16).

Moreover, Namazikhah et al. (35) reported that the
microstructure of Portland-based cements, such as
MTA, present pH-dependent porosities, which may
uptake staining substances and be responsible for den-
tal structure staining.

Within the limitations of this in vitro study, the null
hypothesis must be rejected, because GMTA, WMTA,
and EndoBinder with and without radiopacifying agent
displayed color alteration (AE) after 360 days aging.
However, the luminosity change (AL) was lower in En-
doBinder group in comparison with GMTA and
WMTA groups.
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