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Introduction: Bioceramic materials, gray and white mineral trioxide aggregate (GMTA, WMTA), have
been shown to have high rates of success in various endodontic applications. A major drawback is their
tendency to discolor teeth. Biodentine (BD), a recenlty developed bioceramic material, has been claimed not
to discolor teeth. The aim of this study was to compare tooth discoloration after applying different pulpotomy
base materials (BD, GMTA and WMTA).

Methods: Forty human fully developed primary incisors teeth were used in this study. Coronal access
was achieved by a Tungsten Carbide drill, and the pulp chambers were accessed and chemo-mechanically
debrided. Each material was placed in the pulp chamber, up to the cervical sectioning level. All specimens
were incubated at 37°C and 100% humidity for 14 weeks and have been evaluated before the study and
weekly. Color was assessed according to the CIE L*a*b* color space system.

Results: The AE (delta E) of all experimental groups (GMTA, WMTA and BD) were significantly different
from the control group at all time points. Color changes in the GMTA and WMTA groups showed significantly
higher discoloration compared to BD group in the cervical part of the crown, since week 1. WMTA group
showed significant discoloration in the cervical part as of week 1, and gradually increased over time. BD
group showed no significant discoloration over time. GMTA group showed the most significant discoloration
at week 1 and week 14 (P<0.05).

Conclusions: both GMTA and WMTA pulpotomy materials may discolor tooth structure over time in
an extracted primary anterior tooth model. When choosing bioceramic pulpotomy material, BD may be

preferable, mainly in esthetic area.
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INTRODUCTION

ulpotomy is the accepted treatment procedure for primary
Pteeth with exposed coronal pulps inflamed by bacteria due

to caries, traumatic injury, or another iatrogenic cause'. The
goal of pulpotomy is to remove infected coronal pulp tissue while
preserving healthy radicular pulp, thereby promoting the integrity and
retention of teeth until physiologic exfoliation®. Various pulpotomy
medicaments aiming at devitalization, preservation, or regeneration
of the remaining pulp tissue have been used to date. Among those
medicaments are: formocresol, calcium hydroxide, gluteraldehyde,
devitalising (N2) paste (paraformaldehyde), zinc oxide eugenol
(ZOE), kripaste, Ledermix, electrosurgery, ferric sulphate, bioce-
ramic materials, mineral trioxide aggregate (MTA), growth factors,
lasers etc®. The ideal pulpotomy medicament would be bacteri-
cidal, biocompatible, promote the healing of the root pulp, and be
compatible with the physiological process of root resorption®. Such a
medicament or technique with all of those features remains unavail-
able. Formocresol has been challenged due to its potential delete-
rious effects’, glutaraldehyde has not gained popularity due to its
instability and short life span®, ferric sulfate has evidence of causing
internal resorption’ calcium hydroxide’s high PH wounds the pulp in
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a manner that initiates the inflammatory cascade®. Given the lack of
clear evidence supporting the superiority of any particular treatment
method® research has continued to seek alternative pulpotomy agents
that can provide better clinical efficacy without secondary effects.

Tooth discoloration induced by endodontic materials is a
common finding and may impair the esthetic outcome of endodonti-
cally treated teeth''. A major etiological factor for the occurrence of
local intrinsic staining, especially in the cervical and middle thirds
of the crown, is the presence of root canal filling materials in contact
with the coronal dentin of the pulp chamber. Any change to the
optical and chromatic properties of the dentinal structure is likely to
cause an alteration in the outward appearance of the crown caused
by its light transmitting and reflecting properties'?.

Mineral trioxide aggregate (MTA) is a biomaterial that has been
investigated for endodontic applications since the early 1990s. MTA
materials are derived from a Portland cement parent compound;
It is a bioactive silicate, containing hydrophilic particles, such as
tricalcium silicate, tricalcium aluminate, dicalcium silicate, trical-
cium oxide, bismuth and iron'>. MTA has been demonstrated to be
a biocompatible material with ability to form hydroxyapatite when
exposed to physiologic solutions and may provide better microle-
akage protection'®. In both animal and human studies, MTA mate-
rials have been shown to have excellent potential as pulp-capping
and pulpotomy medicaments, but studies with long-term follow-up
are limited. Even though high success rates were reported, a number
of cases of discoloration have also been noted.

Original MTA was first introduced in grey color, which caused
severe discoloration after its application, and concerns were raised
about the aesthetic competency of this material. The tooth colored
formula (WMTA) was then introduced to compensate for this short
coming'>'®. The crystalline structure, as well as the chemical prop-
erties and mechanism of action is somewhat unchanged, although
higher concentrations of aluminum oxide, magnesium oxide and
iron oxide in Grey MTA (GMTA), result in a considerable staining
potential'®!” Determination of the effect of dentin bonding agent
(DBA. To reduce the discoloration potential, the chemical compo-
sition of MTA was changed, and an improved formulation was later
introduced as White MTA (WMTA). The most significant difference
between the two types of MTA is the lack of iron ions in WMTA'®.
However, it has been reported that WMTA may cause discoloration
as well'®?. Some authors state that the discoloration induced by
MTA may be attributed to bismuth oxide, which is added to improve
the radiopacity in both grey and white formulations?'. However, no
scientific evidence is available to support this statement. Because
MTA is based on industrial Portland cement with bismuth oxide
added as an radiopacifier, pure Portland cement was suggested
as an alternative??. Newer bioceramics have been developed to
address the drawbacks of gray and white MTA. Although various
calcium-silicate based products have been launched to the market
recently, one among these has been the focus of attention and the
topic of a variety of investigations. This material is the Biodentine
(BD, Septodont, Saint-Maur-des-Fossés, France), calcium-silicate
based product, which became commercially available in 2009. BD
indications are similar to MTA, and according to BD manufacturers
does not cause tooth discoloration. Studies have shown that it has
similar clinical features to MTA?2° BD is actually formulated using
the MTA-based cement technology with improvements of some
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properties of these types of cements such as physical qualities and
handling?®". Tt is indicated for crown and root dentin repair treatment,
indirect and direct pulp capping, pulpotomy, repair of perforations
or resorptions, apexification, and root-end fillings®’?.

The primary anterior teeth, particularly the maxillary anterior
teeth, have a key impact on facial and oral aesthetics of children®.
These can severely affect the quality-of-life of children, causing
physical, social and psychological impairment’*®3! Despite these
concerns, discoloration studies of anterior primary dentition and
its impact have received relatively little attention in the literature,
compared to the color of permanent dentition. Therefore, the aim of
this study was to assess in vitro the color alterations of primary teeth
associated with different pulpotomy materials by using a reflectance
spectrophotometer.

MATERIALS AND METHOD

Prior to the investigation the study was approved by Tel-Aviv
university research ethics board. Forty human fully developed
primary incisors teeth were used in this study, recently extracted
from male and female patients ranging in age from 2—6 years. The
teeth were selected based on dimension, similarity in morphology,
and absence of any crack or carious defects; minimum of two thirds
of the original root length was required in order to be included in
the study. Debris and soft tissue remnants on the root were removed
with a sharp scalpel. All teeth were stored in phosphate-buffered
saline until used. Coronal access was achieved by a tungsten carbide
drill HS 330 (Dentsply Maillefer, Tulsa, OK, USA), pulps were
extirpated with an excavator, and the internal axial walls of the
pulp chambers were chemo-mechanically debrided with Hedstréom
files (Dentsply Maillefer, Tulsa, OK, USA) and 2.5% sodium hypo-
chlorite (10 mL) through the access. After final irrigation, the pulp
chambers were washed with sterile saline (5 mL). After mixing the
materials according to manufacturers’ instructions, the pulpotomy
base material was placed on the floor of the pulp chamber and
padded against the pulp orifices using a Dovgan carrier (Quality
Aspirators, Duncaville, TX, USA) through the access. A slight
vertical pressure was applied with finger pluggers to fill the pulp
chamber with the material, up to the cervical sectioning level. Ten
negative controls were instrumented and kept unfilled.

The experimental teeth were randomly divided into the following
experimental groups:

*  WMTA Group (N=10): Mineral Trioxide Aggregate (Pro
Root; Dentsply-Tulsa Dental, Johnson City, TN, USA)
mixed according to the manufacturer instructions was
placed inside the root using Dovgan carriers (Quality Aspi-
rators, Duncanville, Texas).

*  Biodentine Group (N=10): Biodentin (Septodont, Saint-
Maur-des-Fossés, France) mixed according to the manu-
facturer instructions was placed inside the root using
Dovgan carriers (Quality Aspirators, Duncanville, Texas).

*  GMTA Group (N=10): MTAANGELUS (GMTA, Angelus,
Solugées em Odontologia, Londrina, PR, Brazil) mixed
according to the manufacturer instructions was placed
inside the root using Dovgan carriers (Quality Aspirators,
Duncanville, Texas).

*  Control Group (N=10): without pulpotomy base material.
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The coronal access cavity was then filled with resin modified
glass ionomer (EQUIA Forte Fil, GC Europe, Leuven, Belgium). All
specimens incubated at 37°C and 100% humidity for 14 weeks and
have been evaluated before the study and weekly for three months.

Color Evaluation Procedure

The evaluation procedure was done according to previous
suggested model®. In brief, all teeth were polished with nonflu-
oridated and oil-free pumice, rinsed, and dried completely for
10 seconds. The reflectance spectrophotometer SpectroShade
(LUAO0O05, MHT Optic Research AG, Zurich, Switzerland; software
version, 2.20) was used to evaluate to color alterations. According to
a previous investigation, this instrument provides precise measure-
ments during longitudinal evaluation of tooth color in vivo*.

Color quantification was based on the CIE’s L*, a*, and b* color
system that uses 3 parameters to define color: the L* coordinate is
a measure of lightness similar to value in the Munsell system® and
ranges from 0 (black) to 100 (white); the a* and b* coordinates repre-
sent positions on red/green and yellow/blue axes, respectively. The
readings of a* and b* combined provided the same information as
hue and chroma in the Munsell system. The spectrophotometer was
calibrated before each image-capture session with white and green
ceramic tiles supplied by the manufacturer. The calibration process
compensated for any deviation in the quantity of illumination output
from the internal light source*®. The spectrophotometric data of each
tooth was recorded at 5 consecutive times by positioning, removing,
and repositioning the intraoral camera on a black surface to prevent
enamel-color alterations®’. The resulting images were subsequently
cross-referenced by using the built-in synchronized image program.
Each tooth gone through spectrophotometric analysis of the crown
area in its incisal, middle and cervical thirds of its buccal surface
(Figure 1). All images were recorded by the same operator (HA).

The CIE color parameters (L*, a*, and b*) were measured
and averaged for each material and the resultant color differences
(AE) between the interval groups was calculated according to the
following equation: AE=[(L * i — L *ii)2+(a*i—a*ii)2 + (b *1i
—b *1i)2]1/2. where i and ii represent the color measurements made
before and after the treatment for different time period, respectively.

Statistical Analysis

Color assessment in relation to pulpotomy material, was made
with 2-way mixed analysis of variance (ANOVA) for the DE differ-
ences and 2-way ANOVA for the time differences. It was found
appropriate to analyze the data after applying the log transforma-
tion. For each area, mixed effects 2-way ANOVA nested model was
fitted. Likelihood ratio test was then preformed to test each of the
covariates effects. These statistical analyses were conducted with
SPSS software (version 12.0, SPSS, Chicago, Ill., USA). The level
of significance was set at P < 0.05.
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RESULTS

The results relating to the AE of the materials over time are
presented in Table 1 and Figure 2. The AE of all experimental
groups (GMTA, WMTA and BD) were significantly different from
the control group at all time points (P<0.05).

Color changes in the GMTA and WMTA groups, had no
statistical significant differences, but both medicaments (GMTA,
WMTA) showed significant higher discoloration compared to BD
group in the cervical part of the crown, since week 1 (P<0.05).

WMTA group showed significant discoloration in the cervical
part as of week 1 (P<0.05), and gradually increased over time till
week 2 (Figure 2). BD group showed no significantly discoloration
over time. GMTA group showed the significant discoloration at
week 1 and week 14 (P<0.05). Figure 1 demonstrate dark discolor-
ation that appears, mainly in the cervical part of the crown, after just
1 week (figure 1c) after medicament placement, which appears even
more intense after 14 weeks (figure 1d).

DISCUSSION

This study investigated the potential of 3 bioceramics (GMTA,
WMTA, and BD) to induce coronal discoloration in extracted
primary teeth. The results indicate that two of the materials tested
,GMTA and WMTA, discolor tooth structure to a perceptible degree.
BD though, showed no discoloration over time. Both GMTA and
WMTA groups had significant discoloration in the first week and
more overall color change over time. However, only GMTA showed
another significate difference over time (at week 14).

The irrigation protocol in this study during canal preparation
was NaOCl and a final irrigation with sterile saline to remove the
smear layer. This protocol was chosen to facilitate the maximum
penetration of the materials into the dentinal tubules. According
to Davis et al*, discoloration is less evident or takes longer when
the smear layer is not removed, and materials in the canal pene-
trate more readily when the smear layer is removed. Irrigating with
NaOCl has been shown to react with bismuth-containing materials
causing a dark-brown discoloration®’, hence final saline rinse was
made before pulpotomy material was placed in the chamber.

We used a spectrophotometer and the CIE L*a*b* space
system to evaluate color change. The system approximates uniform
distances between the color coordinates while covering the visual
color space. Seghi et al** showed that a color change of 2 units of
CIE L* a* b* was detected 100% of the time by observers, and
0.5—1 unit was detected 80% of the time, this finding may explain
the result in our study, in which gray discoloration could be clearly
seen in the GMTA group. The current study showed that all mate-
rials discolored to some degree. In contrast, the control group was
below the perceptibility threshold at all time points, which lends
credence to the validity of the findings.

Despite the harmonious color of WMTA with dental tissues,
tooth discoloration was observed in the findings of this study, which
was in accordance with the results of some other studies!', These
findings limit applications of MTA in endodontic treatments such as
pulp capping and pulpotomy in the esthetic zones!”

In the present study, the color change was evident in the first
week and increased through the third month; however, it remained
stable.
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Table 1: Changes in color (AE) expressed as mean * standard deviation over 14 weeks.

Immediately after

N area placement 1 Week 2 Weeks 4 Weeks 8 Weeks 14 Weeks

Control 10  Cervical 0.39 £ 0.03° 0.37£0.04° 0.39+0.1* 0.41+0.08*° 0.44+0.09° 0.36 £ 0.03°
Middle 0.53 £ 0.14° 0.6 £0.08" 0.7+£0.05" 0.49+0.02° 0.52+0.07° 0.7 £0.1°

Incisal 0.81+0.08° 0.91+£0.07° 0.87 £0.06° 0.89+0.08* 0.69+0.06° 0.9 £0.03*

Biodentine 10 Cervical 1.86+0.78 1.73+£1.02° 1.63+069° 162+056° 1.82+0.63" 1.86 £0.7°
Middle 2.17 £0.62 233+0.63 247047 245+055 223+0.59 2.61+0.76

Incisal 2.33+0.65 246 +0.84 2.36+0.8 2.3+0.76 2.27 £0.36 2.54 £ 0.56

GMTA 10  Cervical 2.09 +0.39 292+0.62° 296+0.33 2.82+0.66 293+0.32 3.48+0.78°
Middle 2.22 +0.67 222+036 239036 205+073 232+0.57 241+£0.93

Incisal 247 +0.28 2.61+0.39 2.7+0.29 2.08+0.76 2.45+0.34 255+0.74

WMTA 10  Cervical 1.53+0.58 246 +0.69° 2.85+04 2.78 £ 0.46 291+05 2.87 £0.58
Middle 1.85+0.43 2.02+0.63 2.1+0.41 2.1+£0.49 2.3+0.61 2.09+0.6

Incisal 212+0.79 1.98 £ 0.86 2.09+0.5 1.95+0.85 2.25+0.67 2.05+0.53

Within each time point, groups displaying different superscript letters indicate a significant difference. a - difference between the control to
all other groups. b - difference between material and c - differences within groups in different time stops.

Before Immediately after 1 Week 14 weeks
placing

Figure 1: In the figure, central primary incisor, before treatment (a) and
immediately after the medicament placement (b). Dark discoloration was
noticed, mainly in the cervical part of the crown, after just 1 week (c),
which appeared even more intense after 14 weeks (d).

© Control © Biodentine GMTA WMTA
4
3
(AE)

> 5 o——O0——0
1

o — = O- -O D

Immediatelc))f after placement 1 Week 2 Weeks 4 Weeks 8 Weeks 14 Weeks
Time

Figure 2: Color changes expressed as mean * standard deviation over 14 weeks. The AE of all experimental groups
were significantly different from the control group at all time points. Color changes in the GMTA and
WMTA groups, showed significantly higher discoloration compared to BD group in the cervical part of the
crown, since week 1 to week 14.
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Variable amounts and durations of color change was reported
with the same formulation of MTA, which would be the result
of different thickness of the remaining tooth structure, colori-
metric method of color measurement and material application
methods'®?38, The mentioned metal oxides, are present in the
tooth-colored formula (WMTA) although to a very low degree,
and can induce tooth discoloration'®. Elements such as Fe, Mn and
Cu, with d-electrons, are well known to have strong colors in oxide
form. The d-electrons are readily excited by a visible spectrum light.
Other oxides without such electrons (Ca, Si, Al, Mg and S) tend
to be colorless or white, but the heavy ones such as bismuth has a
yellow oxide*'. Some authors state that the yellow oxide of bismuth
used in both formulations of MTA for radiopacity, is the significant
factor for tooth discoloration®'.

Research indicates that the most pronounced staining from dental
materials occurs in the cervical third of the crown**#, which is why
the area of measurement for this study was confined to the cervical
third. During the experiments, it was observed that the WMTA and
GMTA groups showed gray discoloration of the cervical root dentin,
whereas the BD group had no discernible color change in the corre-
sponding region. This finding is more in alignment with the current
body of research that has shown MTA to cause gray discoloration
of tooth structure'**>* To the best of our knowledge, no previous
research has shown BD to discolor tooth structure®.

Many of the clinical applications of bioceramics involve prox-
imity to and incorporation of blood. Studies have shown that the
presence of blood compounds the staining propensity of gray or
white MTA "2, and blood alone also has potent staining ability*°.
This study lacks in this matter, because no blood contamination
was tested which may not reflect the clinical procedure in vivo. To
evaluate the intrinsic staining potential of the materials with blood
contamination, future studies are required.

We conclude that both GMTA and WMTA pulpotomy material
may discolor tooth structure over time in an extracted primary ante-
rior tooth model. When choosing bioceramic pulpotomy material,
BD may preferable, mainly in esthetic area.
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