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Objective: This study aims to evaluate the effect of the special anti-washout gel
mixing agent on the color stability of mineral trioxide aggregate (MTA) Plus and
NeoMTA Plus in contact with distilled water, ethylenediaminetetraacetic acid
(EDTA) and sodium hypochlorite (NaOCl).
Materials and Methods: One set of three specimens was mixed using the antiwashout gel and the other set of three specimens was mixed using distilled water.
Then, one specimen from each group was immersed in distilled water, 5% NaOCl or
EDTA solutions for 24 hours. The color change of each specimen was assessed using
spectrophotometer. The data were evaluated statistically with two-way ANOVA
and post-hoc Tukey tests.
Results: It was found that there was no statistically significant differences among
the color changes of the MTA Plus and NeoMTA Plus mixed with either distilled
water or gel when immersed in distilled water and EDTA (p>0.05). Immersion to
NaOCl resulted in the highest discoloration in all materials compared to their
immersion to distilled water and EDTA. MTA Plus mixed with distilled water showed
significantly greatest discoloration after contact with NaOCl (p<0.05). MTA Plus
mixed with gel showed the highest color stability regardless of the solution type.
Conclusion: Mixing with MTA Plus and NeoMTA Plus powder with the special antiwashout gel within their kits contributes to the color stability of the materials.

Öz
Amaç: Bu çalışma, özel çözünme direnci sağlayan jel karıştırma ajanlarının
mineral trioksit agregat (MTA) Plus ve NeoMTA Plusın renk stabilitelerine etkisini
materyallerin distile su, etilendiamintetraasetik asit (EDTA) ve sodium hipoklorit
(NaOCl) temasları sonrası değerlendirmeyi amaçlamaktadır.
Gereç ve Yöntemler: Her iki materyalden üç numune içeren bir set çözünmeye
dirençli jel kullanılarak, diğer set ise distile su kullanılarak hazırlandı. Daha sonra,
her setten birer numune 24 saat boyunca distile su, %5’lik NaOCl veya EDTA
solüsyonları içerisinde tutuldu. Her materyalde meydana gelen renk değişikliği
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spektrofotometre kullanılarak değerlendirildi. Veriler iki-yönlü ANOVA ve post-hoc Tukey testleri kullanılarak istatistiksel olarak
değerlendirildi.
Bulgular: MTA Plus ve NeoMTA Plus materyalleri jelle veya distile suyla karıştırılıp hazırlandıklarında distile su ve EDTA ile temasları
sonucu meydana gelen renk değişiklikleri arasında istatistiksel olarak anlamlı fark olmadığı bulundu (p>0,05). NaOCl da bekletilen
örneklerin tamamında distile su ve EDTA içinde bekletilen örneklere kıyasla yüksek renklenme görüldü. Distile su ile hazırlanan MTA
Plus, NaOCl ile temas sonrası en yüksek renk değişimini gösterdi (p<0,05). Jel ile karıştırılan MTA Plus bekletildiği solüsyon tipinden
bağımsız olarak en yüksek renk stabilitesini gösterdi.
Sonuç: MTA Plus ve NeoMTA Plus tozlarının ürün kitlerindeki özel çözünme engelleyici jelle karıştırılmaları materyallerin renk
stabilitelerine katkı sağlamaktadır.

Introduction
Discoloration of dental structures following
application of endodontic materials is an unpleasant
matter that harms treatment quality and patient
satisfaction. The exact mechanism behind the
discoloration following endodontic procedures
is not known, yet. Material penetrations into the
dentinal tubules and reflection of discoloration
through hard tissues have been indicated as the
principal mechanisms of tooth discoloration over
time (1,2). Therefore, material selection to be used
in the aesthetic zone is crucial to prevent further
discoloration.
Mineral trioxide aggregate (MTA) includes bismuth
oxide and modified Portland cement (3). MTA
has been utilized for many endodontic procedure
including pulpotomy, pulp capping, perforation repair,
apexification, (4) and revascularization procedures
(5). Since previous case reports associated the use of
grey MTA with coronal tooth discoloration (6,7), white
MTA was developed (8). Nevertheless, discoloration
within the mass of wProRoot MTA (9) and tooth
discoloration has also been reported (10,11).
Bismuth oxide within the MTA and MTA-like
materials’ composition has been associated with
tooth discoloration, which has led to the invention of
different materials with similar compositions that will
not induce discoloration. MTA Plus (Avalon Biomed
Inc, Bradenton, FL, USA) is a cost-effective, tricalcium
silicate-based MTA-like material developed for similar
indications to MTA. MTA Plus has been reported to
have smaller particle sizes when compared to MTA
(12). The MTA Plus kit consists of MTA Plus powder
and a gel, which provides washout resistance to the
setting material. Recently, the manufacturer of MTA

Plus marketed NeoMTA Plus for the aesthetically
important areas by changing the bismuth oxide with
tantalum oxide within its composition. NeoMTA is
also mixed with MTA Plus gel within the kit.
Powders of MTA and MTA-like materials can also
be mixed with distilled water and local anaesthetic
agents due to the depletion of liquids/gels before
powder. Manufacturer provides these materials with
either water or gel for mixing (12). The aim of this
study was to evaluate the effect of anti-washout gel
on the color stability of MTA Plus and NeoMTA Plus in
contact with different irrigation solutions.

Materials and Methods
Specimen Preparation
The study did not include any human or animal
information, tissue or material. Thus, no ethical
approval was required. Two groups of materials
were used in this study as MTA Plus and NeoMTA
Plus with each group containing 3 specimens. All
materials were mixed homogeneously according
to the manufacturers’ instructions. One group was
mixed using the anti-washout gel and the other
group was mixed using distilled water. Cylindrical
specimens, 5 mm in diameter and 2 mm high, were
obtained by curing them in molds according to each
material’s setting time at 100% humidity and 37 °C.
The specimens mixed with gel were incubated for
60 minutes, whereas specimens mixed with distilled
water were incubated for 5 hours, as suggested by
the manufacturer. Then, the setting of each specimen
was controlled and the specimens were separated
from the molds. One specimen from each group was
immersed in the following three irrigation solutions
for 24 hours: distilled water, 5% sodium hypochlorite
(NaOCl) solution (Wizard, Ankara, Turkey) or 17%
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ethylenediaminetetraacetic acid (EDTA) (Werax,
Ankara, Turkey). After 24 hours of immersion, the
specimens were dried and the colors of each were
assessed before and after immersion. The study did
not include any human. Thus, informed consent was
not required.
Spectrophotometric Analysis
Spectrophotometer (VITA Easyshade® compact;
VITA Zahnfabrik, Bad Sackingen, Germany) was
utilized to calculate total color change under constant
conditions (same laboratory light and the same
operator). Prior to each measurement the device
was calibrated. Each measurement was repeated
three times and the mean value was calculated. The
Commission Internationale de l’eclairage (CIE) system
was utilized to calculate the differences in color.
The color differences of the samples were
calculated by using the following formula:
ΔE = [(ΔL)2 + (Δa)2 + (Δb)2] ½
ΔL represents the change in luminosity, Δa
represents the change in red-green parameter and Δb
represents the change in yellow-blue parameter. ΔE
values, which were equal to or greater than 3.3 were
accepted as clinically perceptible discoloration (13).
Statistical Analysis
The data were evaluated with two-way ANOVA
by using SPSS software (PASW Statistics 20.0; SPSS
Inc, Chicago, IL, USA). The significant effects and
interactions were further investigated with post-hoc

Tukey test. The level of statistical significance was set
at p<0.05.

Results
The mean values for changes in color of materials
are presented in Table 1. Distilled water and EDTA
caused clinically perceptible discoloration of the
immersed materials apart from the MTA Plus mixed
with distilled water. No statistically significant
difference was detected regarding the type of mixing
agent in the specimens immersed in either distilled
water or EDTA (p>0.05).
All of the tested materials showed clinically
perceptible discoloration when they were immersed
in NaOCl solution. MTA Plus mixed with distilled water
showed significantly greatest discoloration after
contact with NaOCl (p<0.05). Mixing with distilled
water significantly increased the ΔE value of MTA
Plus and NeoMTA Plus compared to mixing with gel
(p<0.05). MTA Plus mixed with gel showed the highest
color stability regardless of the solution type.

Discussion
The present study evaluated the effect of the
mixing agents on the color stability of 2 novel calcium
silicate-based materials, as MTA Plus and NeoMTA Plus
in contact with different irrigation solutions. Irrigation
is an indispensible phase of root canal disinfection and
NaOCl has been a standard irrigant for disinfection
procedures and cannot be eliminated from the

Table 1. Mean and standard deviation values of materials’ color changes (ΔE) after immersion of different irrigation
solutions
Distilled water

EDTA (17%)

Sodium hypochlorite (5%)

MTA Plus + distilled water

4.02±0.24Aa

5.76±0.69Aa

35.64±5.42Ba

MTA Plus + gel

3.10±1.84Aa

5.07±3.59Aa

18.22±0.35Bb

NeoMTA Plus + distilled water

3.20±0.05Aa

4.92±1.52Aa

12.92±2.85Bc

NeoMTA Plus + gel

1.87±0.69Aa

1.93±0.78Aa

6.91±2.89Bd

Different superscript lower letters in the same column show statistically significant difference (p<0.05). Different superscript capital letters in the
same line show statistically significant difference (p<0.05)
EDTA: Ethylenediaminetetraacetic acid, MTA: Mineral trioxide aggregate
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treatment protocol. Avoidance of the contact of NaOCl
and the applied material or the use of a material that
will provide color stability in contact with NaOCl are
precautions for possible discoloration. However,
avoidance of contact with NaOCl does not seem
realistic. In our study, set specimens were immersed
in irrigation solutions for 24 hours. Since, NaOCl has
been reported to crystallize and occlude dentinal
tubules; it could not be completely eliminated from
root canal system (14). Residual NaOCl within tubules
might come into contact with chlorhexidine gluconate
as well as with calcium silicate-based materials during
regenerative endodontic applications or during the
repair of resorption cavities and the management
of perforations. Prolonged immersion into irrigation
solutions are preferred to simulate this long contact
duration of the solution and calcium silicate-based
materials in the root canal system.
Visual inspection and the use of specific
devices have been utilized for the measurement
of color changes of dental materials. CIE system
is an ISO acknowledged system for international
standardization of color change measurement (15).
Instrumental measurements of color change using
the CIE system include the use of colorimeters and
spectrophotometers. Visual spectrophotometry has
been regarded as a gold standard technique (16).
In the present study, spectrophotometric analysis
was preferred due to the technique’s sensitivity,
instrument’s objectivity and repeatability (13).
MTA Plus consists of bismuth oxide as radiopacifier,
whereas NeoMTA Plus consists tantalum oxide. Contact
of bismuth oxide with NaOCl has been reported to
result in discoloration of the material (17,18). Bismuth
oxide discolors via two mechanisms depending on the
environmental conditions. In the absence of oxygen,
bismuth oxide has been reported to dissociate into
metallic bismuth and oxygen when exposed to light
(19,20). However, previous studies have reported that
bismuth oxide also discolors due to overoxidation as
a result of their contact with NaOCl (16). Due to the
oxidation process, the oxygen from bismuth oxide
becomes unstable and reacts with the carbon dioxide
in the air. This reaction produces bismuth carbonate,
which is sensitive to light and lead discoloration
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(21). A previous study evaluated the color stability
of MTA Plus and NeoMTA Plus in contact with NaOCl
and distilled water. Authors reported that MTA Plus
discolored following contact with NaOCl and NeoMTA
Plus exhibited color stability (22). In the present
study contact of NaOCl and MTA Plus mixed either
with distilled water and gel resulted in significantly
greater discoloration than the contact of NaOCl and
NeoMTA Plus. The findings of the present study were
in accordance with the results of that study, since MTA
Plus mixed with gel induced significant discoloration
compared to NeoMTA Plus mixed with the same
agent (17). The presence of bismuth oxide within MTA
Plus powder could contribute to the higher ΔE values
of the material compared to NeoMTA Plus, which
replaced bismuth oxide with zirconium oxide.
In the present study, contact with distilled water
or EDTA did not significantly increase ΔE values of the
materials irrespective of the mixing agents. Only the
contact of EDTA with NeoMTA Plus mixed with gel did
not resulted in clinically perceptible discoloration of
the material, whereas contact of EDTA with the other
materials exceeded 3.3 ΔE threshold values. However,
the differences were not statistically significant.
In the present study, contact with NaOCl and MTA
Plus mixed with distilled water led to significantly
greater discoloration than MTA Plus mixed with the
gel. MTA Plus has been reported to have a finer particle
size than the ProRoot MTA, which is further associated
with higher ion release, porosity, solubility, and water
sorption when compared to the ProRoot MTA (12,23).
These properties enhance the ability of the MTA Plus
to release calcium and prolong the bioactivity of the
material (23). However, certain physical properties,
such as the increased porosity, fluid uptake, and
sorption values, were also correlated with bloodinduced discoloration in a recent study (24). In this
study, the staining agents, such as blood, which could
be absorbed by the material’s surface, were not used.
Direct comparison could not be made because no
other study has evaluated the effect of mixing agent
on the color stability of MTA Plus or NeoMTA Plus.
Distilled water, which was used as a mixing agent for
materials might contribute increased discoloration
via structural surface changes. The fluid uptake ability
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and surface porosity of the MTA Plus and NeoMTA
Plus might increase when mixed with distilled water
instead of the gel and lead to discoloration after
contact with NaOCl.
Previous literature suggests the application of a
double layer dentin bonding material on the access
cavity or treatment with internal bleaching to prevent
discoloration caused by calcium silicate-based
materials (25,26).

pulp tissue and apical periodontitis/abscess to revascularization
procedures. Int Endod J 2012; 45: 294-305.
6.

7.
8.
9.

Conclusions
Within the limitations of this study, mixing with
distilled water negatively affects the color stability of
MTA Plus and NeoMTA Plus materials in contact with
NaOCl. Anti-washout gel also contributed to the color
stability of the materials.
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