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Abstract
Introduction: The aim of this study was to evaluate
MTA Plus (Prevest Denpro Limited, Jammu, India, for
Avalon Biomed Inc) material’s properties, namely cal-
cium release, the pH change, solubility, water sorption,
porosity, surface morphology, and apatite-forming abil-
ity after immersion in simulated body fluid. Methods:
Two tricalcium silicate powders (MTA Plus and ProRoot
MTA; Dentsply Tulsa Specialties, Tulsa, OK) and Dycal
(Dentsply Caulk, Milford, DE) were tested. After incuba-
tion at 37�C and 99% relative humidity, calcium and hy-
droxyl ion release were tested up to 28 days in deionized
water at 37�C. Water absorption, interconnected pores,
apparent porosity, and solubility were measured after
24 hours of immersion in deionized water at 37�C.
The morphologic and elemental analysis of the mate-
rials’ surfaces were examined using an environmental
scanning electron microscope/energy dispersive x-ray
analysis after storage at 37�C for 1–28 days in simulated
body fluid using the ISO 23317 method. Results: All 3
materials created an alkaline pH within 3 hours, which
continued for 28 days. MTA Plus had a higher ion release
than ProRoot MTA and Dycal; the use of the MTA Plus
gel enhanced the initial calcium release and the increase
of the pH. Both MTA materials were more porous, water
soluble, and water sorptive than Dycal and more bioac-
tive. After aging in simulated body fluid, MTA Plus ma-
terial caused precipitation of an apparent calcium
phosphate layer. Conclusions: MTA Plus showed
improved reactivity and prolonged capability to release
calcium and increase the local pH to alkaline values in
comparison with ProRoot MTA. These pronounced ion-
releasing properties are interlinked with its noticeable
porosity, water sorption, and solubility and with the for-
mation of calcium phosphorus minerals. The finer cal-
cium silicate powder may explain the higher ion
release, water sorption, porosity, and solubility of
MTA Plus compared with ProRoot MTA. For clinicians,
MTA Plus represents a lower-cost bioactive tricalcium

silicate material with interesting chemical-physical properties that could be a conve-
nient alternative to the conventional calcium silicate mineral trioxide aggregate–like
cements. (J Endod 2014;40:1632–1637)
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Mineral trioxide aggregate (MTA) products are hydrophilic powders composed of
tri- and dicalcium silicates. These hydraulic materials set with the addition of wa-

ter to form calcium silicate hydrate gel (1–3). Portland cement is composed of
primarily tri- and dicalcium silicates and was used in dentistry in 1878 (4); it was
patented in 1995 when it was combined with bismuth oxide powder (3, 5).

Gray (5) and tooth-colored (also known as white) (6) ProRoot MTA (Dentsply
Tulsa Specialties, Tulsa, OK) has revolutionized root-end therapy and pulp capping pro-
cedures in relation to the property to set in moist/bloody environments or sites contam-
inated by biological fluids (2, 7), the ability to stimulate the formation of hydroxyapatite
(1, 2), and the generation of a flux of calcium and hydroxyl ions through dentin as
recently shown by Gandolfi (8).

MTA Plus (Prevest Denpro Limited, Jammu, India, for Avalon Biomed Inc) is a
finer powder, lower-cost product that has a composition similar to tooth-colored Pro-
Root MTA (9) and is proposed for treating dental pulp (pulp capping, cavity lining, and
pulpotomies) and root canals (root-end filling, perforation repair, root resorption,
apexification, and obturation in pulpectomy).

The MTA Plus kit includes 2 mixing liquids: a proprietary salt-free polymer gel and
water. MTA Plus is indicated as a root canal sealer as well as a root-end filling material
and a pulp capping cement. By using the gel and varying the powder to gel ratio,
different setting times and physical-rheologic properties can be obtained. The gel
has been formulated to confer washout resistance, whereas its fine powder particle
size improves handling and placement (10). Recent studies showed the possibility to
perform retreatment of teeth filled with MTA cements (10, 11) although it has been
suggested to avoid filling procedures using MTA-like cements to completely obturate
the root canal because the collagen and flexural strength of the dentin can be negatively
affected (12, 13).

The aim of the present study was to compare the properties, namely calcium
release, pH, solubility, water sorption, porosity, surface morphology, and apatite-
forming ability after immersion in simulated body fluid (SBF), of 3 materials.
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Materials and Methods
Materials

MTA Plus (lot 41001), tooth-colored ProRoot MTA (lot
09003850), and Dycal (Dentsply Caulk, Milford, DE; lot 81007)
were tested. ProRoot MTA and Dycal represented the comparison com-
mercial materials for root-end filling and pulp capping procedures,
respectively.

MTA Plus and ProRoot MTA were mixed for 30 seconds on a glass
slab with their liquids using a liquid to powder ratio of 0.31 for ProRoot
MTA and 0.37 for MTA Plus. MTA Plus powder was also mixed with its
gel at 0.33. To prepare Dycal, base and catalyst pastes were mixed
equally. Dycal (14) contains calcium hydroxide (Ca[OH]2) in a salic-
ylate base. Freshly mixed pastes were compacted into polyvinyl chloride
molds (8 � 0.1 mm diameter � 1.6 � 0.1 mm), and the excess was
removed. The exposed upper surface area of each sample was
50.24 � 0.01 mm2.

Ion Release
Themolds were placed on the bottom of cylindric polystyrene con-

tainers (3-cm high with a 4-cm diameter) with 10 mL deionized water,
sealed, and stored at 37�C. The water was collected and renewed after
3 hours and 1, 7, 14, and 28 days. Calcium ion and pH measurements
were performed of the water until the measurement stabilized. Deion-
ized water was the negative control.

pH. The pHmeasurements were performed on the collected water with
a pH probe (Sen Tix Sur WTW, Weilheim, Germany) connected to a
multiparameter meter (inoLab 750; WTW, Weilheim, Germany).

Calcium Release. After the pHmeasurement, the solution was sup-
plemented with 200 mL (2%) ionic strength adjuster (4 mol/L KCl,
WTW). Measurements were made using a calcium ion selective probe
(Eutech Instruments Pte Ltd, Singapore). The cumulative release of cal-
cium was calculated.

Porosity, Solubility, and Water Sorption
Another set of disks was set at 37�C and 99% relative humidity for

70% of their setting time (55 minutes for MTA Plus and 250 minutes for
ProRoot MTA). The specimens were unmolded, dried with filter paper,
and weighed (initial mass, Di). Each disk was immersed vertically in
20 mL distilled water at 37�C. After 24 hours, the mass while suspended
in water (S) was determined. Excess water was removed, and the satu-
rated mass (M) was recorded. Samples were dried at 37�C to a stable
weight (dry mass [Df]). Each weight measurement was repeated 3 times
to the nearest 0.001 g using an analytical balance (Bel Engineering se-
ries M, Monza, Italy).

The exterior volume (V [M� S]), the volume of open pores (VOP
[M� D]), the volume of impervious portion (VIP [VIP = Df� S]), and
the apparent porosity (P [([M � Df])/V] � 100) were calculated
following Archimedes’ principle (American Society for Testing and Ma-
terials C373 [2006]). The water sorption (A [([M� Df])/Df]� 100)
and the solubility (S [S = ([(Di � Df)]/Df) � 100]) were calculated
(15, 16).

Statistical Analysis
Two-way repeatedmeasures analysis of variance statistical analysis

was performed with the Student-Newman Keuls test (P < .05).

Bioactivity Test
The ISO 23317 (Implants for surgery—In vitro evaluation for

apatite-forming ability of implant materials) method was used to eval-
uate layers precipitated on the materials soaked in SBF. Molds filled

with freshly prepared cement pastes (set for about 10 minutes) were
placed vertically in 20 mL Hank’s Balanced Salt Solution (HBSS; Cam-
brex Bio Science Verviers Sprl, Verviers, Belgium [cat. n.10-527]) for
use as SBF. Each sample’s exposed surface was 100.48 � 0.01 mm2

(including upper and lower surfaces), and the surface/volume ratio
was 100.48/20 = 5.024 (15). HBSS was replaced weekly.

Freshly prepared samples (approximately 5 minutes after mixing)
and samples aged in HBSS for 1, 7, or 28 days were examined ‘‘wet’’
using an environmental scanning electron microscope (ESEM; Zeiss
EVO 50; Carl Zeiss, Oberkochen, Germany) connected to a secondary
electron detector for energy dispersive x-ray analysis (EDX; Oxford
INCA 350 EDS, Abingdon, UK) (2). EDX provided qualitative and semi-
quantitative measurements of atomic calcium and phosphorous to
calculate the superficial calcium to phosphorus (Ca/P) atomic ratios
(17). The formation of calcium carbonate (CaCO3) was presumed
when the Ca/P ratio exceeded 1.67.

Results
Ion Release

Table 1, sections A and B, contain the pH values and calcium ion
values (mean � standard deviation, n = 10) for all soaking times. All
3 materials created an elevated pH (alkaline) after 3 hours of soaking,
with the highest value for MTA Plus mixed with gel (12.0). Over
28 days, all materials gradually decreased in their rate of release of hy-
droxyl ions, and the pH diminished. After 28 days, the pH was the highest
for Dycal solutions (9.8) and the lowest for ProRoot MTA eluate (7.1).

The calcium ion release after 3 hours was highest from MTA Plus,
mixed with water (43 ppm) or gel (119 ppm), and lowest for Dycal
(25 ppm) and ProRoot MTA (24 ppm). The calcium ion release dimin-
ished for all materials over 28 days. At 28 days, MTA Plus with gel had a
release of 19 ppm compared with ProRoot MTA, Dycal, and MTA Plus
with water (16, 16, and 8 ppm, respectively).

Porosity, Solubility, and Water Sorption
The apparent porosity varied from 9% for Dycal to 40% for MTA

Plus mixed with water or gel (39%) as shown in Table 1, section C. The
water sorption and the solubility followed the same trends. Water sorp-
tion was only 5% for Dycal and highest for MTA Plus with gel (26.5%).
The solubility was lowest for Dycal and highest for MTA Plus powder
with water (18.5%).

Bioactivity Tests
The ESEM/EDX results for freshly mixed MTA Plus with gel (Fig. 1)

revealed compounds of calcium, silicon, bismuth, aluminum, and car-
bon on the surface. From this, we concluded that MTA Plus contains cal-
cium silicates, bismuth oxide, a minor amount of calcium aluminate,
and a carbon-containing polymer. After 7 days, a precipitate had formed
on MTA Plus that contained compounds of calcium, sodium, magne-
sium, phosphorous, and chlorine with a Ca/P ratio of 4.45. The carbon
peak was no longer observed, indicating the precipitate formed from
HBSS completely covering the surface. The atomic percentage of cal-
cium and phosphorous increased for the 28-day sample, whereas all
other elemental peaks diminished, except for sodium and chlorine,
which is consistent with the precipitation of NaCl and a calcium phos-
phate phase. The Ca/P ratio was 2.47, which is higher than that of hy-
droxyapatite.

The freshly mixed and unexposed MTA Plus mixed with water
(Fig. 2) had major EDX peaks for calcium, silicon, and bismuth and
lesser peaks for sodium, sulfur, aluminum, and potassium, whose or-
igins can be attributed to minor constituents of cement but may have
been obscured in the gel sample. When soaked in HBSS, the bismuth
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