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Abstract
Introduction: Mineral trioxide aggregate (MTA) mate-
rials have been used for many years as a pulp therapy
material. The most widely used product, ProRoot MTA
(Dentsply, Tulsa, OK), has a major drawback in that it
causes tooth discoloration. Alternatives have recently
been developed such as ENDOCEM Zr (MARUCHI,
Wonju, Korea) and RetroMTA (BioMTA, Seoul, Korea).
The purpose of this study was to compare the discolor-
ation of these various MTA-based materials. Methods:
Discoloration of discs prepared from 4 different MTA-
based materials (ProRoot MTA, MTA Angelus [Angelus,
Londrina, PR, Brazil], ENDOCEM Zr, and RetroMTA)
were observed at 15 and 30 minutes after exposure to
light at an intensity of 1000 mA/cm2. In a tooth model,
12 premolars were used per each group to retrofill the
pulp chamber with MTA-based materials. The degree
of discoloration was measured over a 16-week period
using a digital spectrophotometer. Results: Distinct co-
lor changes were observed for discs made from ProRoot
MTA and MTA Angelus, but no clear change was
observed for those made from either ENDOCEM Zr or
RetroMTA. In the tooth model, more distinct, time-
dependent color changes were observed for teeth filled
with ProRoot MTA and MTA Angelus than for those
filled with ENDOCEM Zr and RetroMTA. Conclusions:
Less discoloration was observed with ENDOCEM Zr
and RetroMTA (which contain zirconium oxide) than
with ProRoot MTA and MTA Angelus (which contain bis-
muth oxide) in both of the test models used. (J Endod
2015;41:737–741)
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Mineral trioxide aggregate (MTA) was approved as a root canal treatment material
by the US Food and Drug Administration in 1998; since then, it has been used in

various areas of the root canal treatment process, such as apexogenesis, pulpotomy,
direct pulp capping, and root perforation repair, because of its excellent biocompati-
bility and sealing ability (1–5). There have been many researches and clinical case
reports on the use of MTA or MTA-like materials as pulp treatment materials in decid-
uous teeth and immature permanent teeth (6–8).

Despite its reported advantages, the use of MTA has the following drawbacks: it is
difficult to handle, expensive, difficult to remove, and discolors over time (9). Of major
importance esthetically, the discoloration that occurs produces results that are not
esthetically good, which is particularly problematic when direct pulp capping or pul-
potomy are required in the anterior jaw area (10, 11).

The first MTA material to be developed for use in teeth, gray MTA (GMTA), was a
dark color and was found to cause tooth discoloration; therefore, white MTA (WMTA)
was developed, which had similar clinical properties to GMTA but produced more
esthetically pleasing results (12). The difference between WMTA and GMTA lies in their
respective contents of metal oxides (eg, iron, aluminum, and magnesium oxides),
which are the main cause of discoloration (13). However, WMTA also causes some
tooth discoloration because it still contains various metal oxides, although the content
is low, together with bismuth oxide, which was added to improve the radiopacity of the
material (10, 11, 14). The degree of discoloration that occurs depends on the content
of the components of metals such as bismuth, iron, aluminum, and magnesium oxides.
Therefore, within a range that does not change the properties of MTA, the content of
bismuth oxide could be reduced to minimize any color change. ENDOCEM Zr
(MARUCHI, Wonju, Korea) and RetroMTA (BioMTA, Seoul, Korea) are products that
have recently become available commercially in which bismuth oxide has been
replaced by zirconium oxide as an alternative radiopacifier. Although the
manufacturers claim that this product does not cause discoloration either in vivo or
ex vivo, as yet there have been no studies to confirm this. Based on this discussion,
we established the following null hypothesis: ENDOCEM Zr and RetroMTA (which
contain zirconium oxide) show less discoloration than MTA Angelus (Angelus,
Londrina, PR, Brazil) and ProRoot MTA (Dentsply, Tulsa, OK) (which contain
bismuth oxide) in an ex vivo model.

Therefore, the aim of the present study was to compare the degree of tooth discol-
oration that occurs over time in specimens and extracted teeth filled with ENDOCEM Zr,
RetroMTA, MTA Angelus, and ProRoot MTA.
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Materials and Methods
Disc Discoloration Experiment

Discs were fabricated by mixing distilled water with ProRoot MTA,
MTA Angelus, ENDOCEM Zr, or RetroMTA according to the manufac-
turer’s recommendations using a rubber mold (8 mm � 1 mm). In
addition, bismuth oxide powder (Duksan, Ansan, Korea) and zirco-
nium oxide powder (Sigma-Aldrich, St Louis, MO) were put into
4-well plates and then soaked for 15 minutes in glycerin (Duksan).
The disc and bismuth/zirconium specimens were then irradiated with
light for 15 minutes or 30 minutes using a VALO light irradiator (Ultra-
dent, South Jordan, UT) in standard power mode (1000 mW/cm2). The
specifications of the ProRoot MTA, MTA Angelus, ENDOCEM Zr, and
RetroMTA used in the present study are given in Table 1.

Preparation of Extracted Teeth
for the Discoloration Experiment

Sixty premolars (30 maxillary premolars and 30 mandibular pre-
molars) that had been extracted for orthodontic purposes from 20 peo-
ple aged 10–29 years (11 males and 9 females) were used. Teeth with
dental abnormalities, restorations, or more thanmoderate dental caries
were excluded. The experiment was performed under guidelines
approved by the Institutional Review Board of the Dental Hospital, Yon-
sei University. Written, informed consent for their teeth to be used was
obtained from all of the subjects and their parents (form # 2-2013-
0036).

After cutting the teeth horizontally about 2 mm below the cemen-
toenamel junction, the pulp tissue was removed using a barbed broach
(Mani, Tokyo, Japan), and any organic materials on the surface of the
teeth were physically removed by curettage; persistent organic material
was removed by soaking the teeth for 10 minutes in 2.5% sodium hy-
pochlorite solution (Duksan). The teeth were then washed several times
with normal saline and stored at 4�C until required for the experiment.

The teeth were assigned to 1 of 5 groups (n = 12 teeth per group)
named according to the MTA product that would be used to fill their
pulp chamber: control (no MTAmaterial), ProRoot MTA, MTA Angelus,
ENDOCEM Zr, and RetroMTA. The materials were prepared as in-
structed by the manufacturer and then used to retrofill the teeth to
the level of the cementoenamel junction in the pulp chamber. After
the early setting phase, the lower area was sealed with light-cured
compomer base (Ionosit-Baseliner; DMG, Hamburg, Germany). In
the control group, the pulp tissue was removed from the teeth, which
were then only sealed with Ionosit-Baseliner compomer.

Molds were fabricated for each tooth using rubber impression
material (Aquasil Soft Putty, Dentsply). Holes with diameters of about
6 mm were created in the molds using a biopsy punch (SFM Medical
Devices, W€achtersbach, Germany) so that the extent of discoloration
could be measured at the same site. The hole was located so that
it revealed an area between the midbuccal third and cervical third to
facilitate observation of any MTA-induced internal discoloration
(Supplemental Figure S1 is available online at www.jendodon.com).

Measurement of Tooth Color
All of the specimens were put into 12-well plates (BD Falcon,

Franklin Lakes, NJ) and stored next to a window in artificial saliva (Tar-
iba; Hanlim Pharm, Seoul, Korea), which was changed every 2 weeks.
The tooth color was measured using the VITA Easyshade Compact device
(Vita Zahnfabrik, Bad Sackingen, Germany) at the following time points:
0 (baseline), 1, 2, 4, 8, 12, and 16 weeks. The color measurement was
made in triplicate for all experimental groups using the L*a*b* value,
where L* is the light intensity, a* is the red-green parameter, and b* is
the yellow-blue parameter. Using these L*a*b* values, the differences be-
tween the color measured at the initial time point (time 0) and those
measured at the various time points (DE) were calculated as follows:

DE ¼ �ðDLÞ2 þ ðDaÞ2 þ ðDbÞ2�1=2

where DL, Da, and Db are the changes in L*, a*, and b*, respectively,
between the initial time point and the next time point being compared.

Statistical Analysis
All statistical analyses for differences in color change among the

products between the initial time point and the 6 other time points after
the initiation of light treatment were conducted using SPSS Statistics
(versions 21.0; SPSS IBM, Armonk, NY). One-way analysis of variance
(P < .05) was performed, and the Scheff�e test (Bonferroni correction,
P < .01) was used as a post hoc test.

Results
Disc Discoloration Experiment

After 15 and 30 minutes of light exposure, the discs made from
MTA Angelus and ProRoot MTA discs were darkly discolored, whereas
there was no color change for the RetroMTA and ENDOCEM Zr discs.
The discoloration was darker for the ProRoot MTA disc compared
with the MTA Angelus disc. In addition, although there was a clear color

TABLE 1. Mineral Trioxide Aggregate–based Materials Used in the Study

Material Manufacturer Ingredients

ProRoot MTA Dentsply, Tulsa, OK Portland cement 75%
Calcium sulfate dehydrate (gypsum) 5%
Bismuth oxide 20%

MTA Angelus Angelus, Londrina, PR, Brazil Calcium oxide 55%–60%
Silicon dioxide 17%–20%
Aluminum oxide 2%–4%
Bismuth oxide 18%–22%

ENDOCEM Zr MARUCHI, Wonju, Korea Calcium oxide 27%–37%
Silicon dioxide 7%–11%
Aluminum oxide 3%–5%
MgO, Fe2O3 3%–5%
Zirconium dioxide 43%–46%

RetroMTA BioMTA, Korea Calcium carbonate 60%–80%
Silicon dioxide 5%–15%
Aluminium oxide 5%–10%
Calcium zirconia complex 20%–30%
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