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Abstract
Objective The aim of this study was to analyze the biological effects of MTA Repair HP and ProRoot MTA on human
periodontal ligament stem cells (hPDLSCs) after exposure to acidic and neutral environments.
Materials and methods Discs of each material (n = 30) were exposed to phosphate buffered saline (pH = 7.4) or butyric acid
(pH = 5.2) for 7 days, and biological testing was carried out in vitro on hPDLSCs. Cell viability and apoptosis assays were
performed using eluates of each root-end filling material. To evaluate cell attachment to the different materials, hPDLSCs were
directly seeded onto the material surfaces and analyzed by scanning electron microscopy. The chemical composition of the root-
end filling materials was determined by energy-dispersive x-ray and eluates were analyzed by inductively coupled plasma-mass
spectrometry. Statistical differences were assessed by ANOVA and Tukey test (p < 0.05).
Results Under an acidic environment, both materials displayed similar ion release abilities, with the increased release of Si and
Ca ions. Substantial changes in microstructure were observed for both materials after exposure to acidic pH. In addition, material
exposure to an acidic environment showed a similar degree of cell adherence, and, surprisingly, MTARepair HP exhibited higher
cell viability rates at pH 5.2 than ProRoot MTA.
Conclusions Exposure to an acidic environment promoted Si and Ca ion release from ProRoot MTA and MTA Repair HP.
Moreover, we observed optimal biological properties of ProRoot MTA and MTA Repair HP in terms of cell viability, cell death,
and cell attachment in both environments.
Clinical relevance These results may suggest that MTA Repair HP and ProRoot exhibited optimal biological properties in terms
of cell viability, cell death and cell attachment in acidic environment, being considered as materials for root-end filling and
perforations.

Keywords Acidic environment . Cytotoxicity .MTARepair HP .Mineral trioxide aggregate

Introduction

Bioactive cements are widely used to induce mineraliza-
tion, for cementation, and for filling perforations, among
other clinical applications [1–3]. These biomaterials are
usually composed of hydroxyapatite, calcium-silicate,
beta-tricalcium phosphate, and other components. One of
the main advantages of these bioceramics is their ability
to dissociate calcium ions [4, 5]. The materials differ dra-
matically in terms of the amount of the calcium they re-
lease and also in the kinetics of this process. For instance,
Biodentine releases approximate 95 ppm in the first 3 h
and the release decreases to 18 ppm at 24 h [6], while
MTA releases approximately 5 and 25 ppm at the same

* Francisco J. Rodríguez-Lozano
fcojavier@um.es

1 Cellular Therapy and Hematopoietic Transplant Unit, Hematology
Department, Virgen de la Arrixaca Clinical University Hospital,
IMIB-Arrixaca, University of Murcia, Murcia, Spain

2 School of Dentistry, Faculty of Medicine, University of Murcia,
Hospital Morales Meseguer 2pl., Av. Marqués de los Vélez s/n,
30008 Murcia, Spain

3 Department of Internal Medicine, University of Murcia,
Murcia, Spain

4 Department of Stomatology, University de Valencia, Valencia, Spain

Clinical Oral Investigations
https://doi.org/10.1007/s00784-019-02822-2

(2019) 23:3915–3924

/Published online: 25     January 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s00784-019-02822-2&domain=pdf
http://orcid.org/0000-0002-0623-740X
mailto:fcojavier@um.es


time points [7]. Although the values of calcium release
may change according to the methodology used, the liter-
ature agrees on the potential of these materials to alkalin-
ize the environment and increase the pH to values of
around 11 and above [8, 9]. Together, the calcium release
and alkaline potential can induce an increase in phospha-
tase activity and in the expression of several genes in-
volved in mineralization processes (e.g., osteocalcin, bone
sialoprotein, dentin sialophosphoprotein) [10, 11].
However, previous reports described that an acidic envi-
ronment leads to alterations in the setting time and sealing
ability of the bioactive cements, weakens their micro
hardness and binding strength to root dentin, alters the
superficial microstructure and cytocompatibility, and in-
creases their solubility [12–15].

Recently, new bioactive cements have been introduced
in clinical practice [3, 16, 17], among them, MTA Repair
HP (Angelus, Londrina, PR, Brazil). MTA Repair HP
(MTA BHigh Plasticity^) was launched in the form of a
bioceramic material with high plasticity, aiming to main-
tain the biological properties of the MTA, while improv-
ing its chemical and physical properties. The main differ-
ences to its predecessor are the addition of an organic
plasticizer to the distilled water and the use of calcium
tungstate as radiopacifier [18]. Previous reports have dem-
onstrated that the use of plasticizers leads to improve-
ments in the physicochemical properties and handling of
the MTA and the addition of calcium tungstate improve
its cytocompatibility [19, 20].

These materials have been used for root-end filling and
perforations, so they are in close contact with the surrounding
tissues [21] where the setting of cements might also be affect-
ed by the surrounding environment. The adjacent tissue near
the apex may have normal or acidic pH due to infection and
inflammation and induce changes in the biological properties
of these cements.

Importantly, the presence of stem cells in periapical tissues
and their interaction with the endodontic materials have been
considered an important event that favors healing [10].
Indeed, these cells have demonstrated their ability to form
alveolar bone, cementum, gingiva, periodontal ligaments, pe-
ripheral nerves, and blood vessels in vivo [22]. Due to the
presence of periodontal ligament stem cells in the periapical
tissues, these cells have been previously used for a variety of
in vitro studies into the biological effects of different endodon-
tic cements [23, 24].

To date, there have been no studies evaluating how an
acidic environment affects ion release from MTA Repair HP
or how such this environment could affect the viability of cells
and their levels of attachment to these materials. Considering
this background information, the aim of this study was to
analyze the biological effects of MTA Repair HP on human
periodontal ligament stem cells after exposure to acidic and

neutral environments and compare the results with those ob-
tained with ProRoot MTA.

Materials and methods

Cement extracts

MTA Repair HP and ProRoot MTAwere mixed according to
the manufacturer’s instructions for all the tests. The composi-
tion of the evaluated materials is shown in Table 1. Discs of
each material were shaped under aseptic conditions in sterile
cylindrical rubber molds (1.5 cm in diameter and 0.2 cm in
height) and pressed by a glass slide for 6 min at room temper-
ature. The samples were initially set in a humidified 5% CO2

and 95% air atmosphere for 2 h at 37 °C, carefully polished
using silicon carbide paper, washed in phosphate-buffered sa-
line (PBS) (Gibco, Gaithersburg,MD, USA), and sterilized by
ultraviolet light. Each specimenwas then immersed in 2mL of
aseptic PBS (pH = 7.4) or butyric acid (0.025% in PBS, pH =
5.2) (Sigma-Aldrich, St Louis, MO, USA) for 7 days. The
PBS or butyric acid was replaced every 24 h. To simulate
the clinical situation where cells are in contact with the cement
materials, we obtained extracts or eluates of the materials,
according to the International Standard ISO 10993-5. The
eluates of the different materials were extracted in sterile con-
ditions, using Dulbecco Modified Eagle’s Medium (DMEM)
(Gibco) as extraction vehicle. The extraction procedure was as

Table 1 Tested materials

Materials Manufacturer Composition Lot number

MTA
Repair
HP

Angelus, Londrina,
Parana, Brazil

Powder: tricalcium
silicate (Ca3SiO5),
dicalcium silicate
(Ca2SiO4), tricalcium
aluminate
(3CaO.Al2O3),
calcium oxide (CaO),
and calcium tungstate
(CaWO4)

Liquid: water and
polymer plasticizer

34,528

ProRoot
MTA

Dentsply, 608
Rolling Hills
Drive Johnson
City, EEUU

Powder: tricalcium
silicate (Ca3SiO5),
dicalcium silicate
(Ca2SiO4), tricalcium
aluminate
(3CaO.Al2O3),
tetracalcium
aluminoferrite
(4CaO.Al2O3Fe2O3),
free calcium oxide
(CaO), bismuth oxide
(Bi2O3)

Liquid: water (H2O)

0000108512
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follows: the materials were immersed in the culture medium
for 24 h at 37 °C in a humid atmosphere containing 5% CO2.
In accordance with the ISO standards, the ratio between the
surface of the sample and the volume of the medium was
1.5 cm2/mL. The extraction medium was collected at the
end of this period and passed through a 0.22-μm syringe filter
(Merck Millipore, Billerica, MA, USA). Then, in order to
study the effect of the concentration of each material, various
dilutions (1:1, 1:2, and 1:4 v/v) of these extraction media were
prepared using fresh complete DMEM medium.

Ion release analysis and pH

Three discs from eachmaterial typewere immersed in 5mL of
PBS or butyric acid to measure the ion leached over a period
of 7 days. The presence of silicon, phosphorus, calcium, and
strontium was assessed using inductively coupled plasma-
mass spectrometry (ICP-MS Agilent 7900, Stockport, UK).
The pH of each extract was determined using a twin pH meter
(GLP21+, Cri-son, Barcelona, Spain) and the results are
expressed as the mean ± standard deviation.

Isolation, culture, and characterization of hPDLSCs

Human periodontal ligament stem cells (hPDLSCs) were iso-
lated and characterized as described previously [21, 25].
Human periodontal ligaments (hPDL) were obtained from
impacted third molars from healthy subjects (n = 10).
Donors gave written informed consent according to the guide-
lines of the Ethics Committee of our Institution (University of
Murcia ID: 1528/2017). The donor age was 18–35 years old.
The hPDL was scraped from the middle third region of the
root surface. After extraction, hPDL was washed with Ca2+/
Mg2+-free Hank’s balance salt solution (Gibco), and subjected
to collagenase-A digestion (3mg/mL) (Sigma-Aldrich) for 1 h
at 37 °C. Then, cells were seeded in 75-cm2 culture flasks
(Corning, NY, USA) containing alpha minimum essential me-
dium (α-MEM) supplemented with 100 U/mL penicillin and
streptomycin and 10% fetal bovine serum (FBS) (Gibco)
(complete medium) in an incubator at 37 °C and 5% CO2.
This study was carried out using cells from passage 4 onward.
To analyze cell surface antigen expression, 105 cells per well
were seeded on 6-well plates, and allowed to adhere for 24 h.
After 72 h, cells were harvested and identified following the
guidelines of the International Society of Cellular Therapy
(ISCT) to confirm their mesenchymal stem cell phenotype
[26]. Surface markers of hPDLSCs were analyzed by flow
cytometry using specific fluorescence-conjugated antibodies.
The antibodies used were CD73-APC (clone AD2), CD90-
FITC (clone DG3), CD105-PE (clone 43A4E1), CD14-
PerCP (clone TÜK-4), CD20-PerCP (clone LT20.B4),
CD34-PerCP (clone AC136), and CD45-PerCP (clone 5B1)
(Human MSC Phenotyping Cocktail, Miltenyi Biotec,

Bergisch Gladbach, Germany). The antibodies were diluted
following the manufacturer’s specifications (10 μL of the
Human MSC Phenotyping Cocktail per 106 cells). Flow cy-
tometry analysis was performed using a BD FACS Canto II
flow cytometer (BD Biosciences, San Jose, CA, USA) and
analyzed with Kaluza and FlowJo software.

Cell viability assays

To determine the metabolic activity of treated hPDLSCs, a
colorimetric metabolic activity assay using 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT Cell
Growth Kit, Chemicon, Rosemont, IL, USA) was used.
Briefly, hPDLSCs were seeded in 96-well plates (1 ×
103 cells/well) in complete culture medium and left undis-
turbed for 24 h. The volume of culture medium in each well
was 180 μL. After 24 h, the culture medium was replaced by
the fresh medium containing the corresponding volume of
each eluate in which the discs were previously immersed. As
control, cells cultured without eluate were used. At each time
point (24, 48, and 72 h after the addition of the different
material eluates to cells), MTT was added at a final concen-
tration of 1 mg/mL and cells were incubated for 4 h. Then, the
MTT was removed and 100 μL of DMSO was added to re-
lease formazan synthesized in the mitochondria. A spectro-
photometer (ELx800; Bio-Tek Instruments, Winooski, VT,
USA) was used to measure the absorbance values at
570 nm. The experiments were performed in quintuplicates,
using cells cultured in complete medium as control.

Analysis of apoptosis and necrosis by flow cytometry
(Annexin V/7-AAD staining)

hPDLSCs were cultured with different eluates for 72 h. The
eluates from three discs of each material were obtained after
immersion in complete culture medium for 24 h. After incu-
bation of the cells with the eluates, double staining with PE-
conjugated annexin-V and 7-AAD (Immunostep, Salamanca,
Spain) was performed. Percentages of live (annexin-V−/7-
AAD−), early apoptotic (annexin-V+/7-AAD−), or late apo-
ptotic and necrotic cells (annexin-V+/7-AAD+ and annexin-
V−/7-AAD+) were determined by flow cytometry.
Subsequently, the percentages of each population were calcu-
lated. These assays were performed in triplicate.

Scanning electronic microscopy, energy-dispersive
x-ray analysis

Six discs of both MTA Repair HP and ProRoot MTA were
prepared and subdivided into two groups (1.5 cm in diameter
and 0.2 cm in height). Three of them were used to analyze the
attachment of the cells by SEM. The hPDLSCs were directly
seeded onto each disc at 5 × 104 cells/mL. After 72 h of
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culture, the samples seeded with hPDLSCs were removed
from the culture wells and fixed with 3% glutaraldehyde in
PBS for 4 h. Then, samples were dehydrated in a graded series
o f e t hano l concen t r a t i on s , immer sed in 100%
hexamethyldisilazane, air-dried, mounted on aluminum stubs,
and sputter-coated with gold/palladium. Finally, gold/
palladium-coated specimens were examined by SEM, using
a magnification of ×100, ×300, ×500, and ×1000. For SEM-
EDX assays, three discs of each cell-free material were im-
mersed in HBSSmedium (Gibco) at 1.5 cm2/mL and stored at
37 °C for 24 h. Discs were coated with carbon in a CC7650
SEM Carbon Coater unit (Quorum Technologies Ltd., East
Sussex, UK) and each sample was examined using a scanning
electron microscope (SEM Jeol 6100 EDAX, USA) connect-
ed to a secondary electron detector for energy-dispersive x-ray
analysis (EDX; Oxford INCA 350 EDX, Abingdon, UK),
using computer-controlled software (INCA energy version
18) and an accelerating voltage of 20 KV. The full scale for
quantification was 8677 cts. The stoichiometric Ca/P molar
ratios were calculated taking into account the respective atom-
ic masses of the two elements using the formula: Ca/P = [Ca
(% of weight)/40.08 (g/mol)]/[P (% of weight)/30.97 (g/mol)].

Statistical analysis

For the ICP-MS measurements, the equipment measures
three times each element. As a result, the average and
the relative standard deviation are obtained. Data from
the MTT were analyzed using SPSS version 22.0 statis-
tical software (SPSS, Inc., Chicago, IL, USA). Each ex-
periment was performed with five replicates and carried
out at least three times. Absorbance values are presented
as the mean ± standard deviation (SD). Statistical differ-
ences between proliferation in the control conditions and
that obtained in the presence of the different material
extracts were analyzed. Statistical differences between
the proliferation rates of different extracts were also an-
alyzed. In both cases, results were analyzed by ANOVA

and Tukey’s test. A p value of <0.05 was considered
significant.

Results

Ion release analysis and pH

As shown in Table 2, when MTA Repair HP and ProRoot
MTA were immersed in PBS (pH = 7.4) or butyric acid
(pH = 5.2) for 7 days, there were appreciable increases in both
Si, Sr, and Ca ion concentrations in the surrounding solutions,
whereas a significant decrease in P ion concentration was also
observed (Table 2). A similar pH was observed in all elutes
from materials immersed in PBS. However, when MTA
Repair HP and ProRoot MTAwere immersed in butyric acid,
1:4 dilution of both materials exhibited higher pH when com-
pared to the other two eluates (1:1, 1:2) (Table 3).

Isolation and characterization of hPDLSCs

Flow cytometry analysis showed that more than 95% of viable
hPDLSCs were positive for the typical MSC surface markers
CD73, CD90, and CD105 and negative for the hematopoietic
markers CD14, CD20, CD34, and CD45 (Fig. 1a).

MTT assay

TheMTTassay revealed an increased metabolic activity in the
presence of ProRoot and MTA Repair HP with different pH
values. After 72 h, there was a significant difference in cell
viability when ProRoot was compared with MTA Repair HP
at pH 7.4, especially when dilutions 1:2 and 1:4 were used
(*p < 0.05). Indeed, ProRoot 7.4 showed higher cell viability
than MTA Repair HP at all dilutions. Surprisingly, MTA
Repair HP at pH 5.2 exhibited higher values of cell viability
than that observed in the control group with dilutions 1:2 and
1:4 (***p < 0.001), although there was still no significant

Table 2 Assessment of ICP-MS of cement extracts

Concentration of element (mg/L solution)

28 Si [He] 31 P [He] 44 Ca [He] 88 Sr [He]

Sample name Conc. [ppm] Conc. RSD Conc. [ppm] Conc. RSD Conc. [ppm] Conc. RSD Conc. [ppm] Conc. RSD

PBS 7.4 0.11 26.25 307.54 1.40 0.01 35.92 0.01 2.23

MTA Repair 7.4 29.47 4.30 53.63 4.77 3.26 3.08 0.09 1.80

ProRoot 7.4 12.57 2.84 185.20 2.83 3.91 0.98 0.32 2.43

Butyric Acid 5.2 0.09 0.29 314.46 1.02 0.01 12.94 0.01 0.27

MTA Repair 5.2 44.02 1.10 51.65 0.66 5.07 0.25 0.19 5.23

ProRoot 5.2 22.08 13.37 109.91 13.36 6.49 12.74 0.44 9.76

Clin Oral Invest (2019) 23:3915–39243918



difference with dilution 1:1. On the other hand, ProRoot 5.2
only revealed greater cell viability than the control with the
1:4 dilution (**p < 0.01), whereas cell viability was similar or
lower than control with dilutions 1:1 and 1:2 (Fig. 1b).

Apoptosis/necrosis of hPDLSCs in presence of eluates

Representative 2-dimensional dot plots of the distribution of
live (Annexin-V−/7-AAD), early apoptotic (Annexin-V+/7-
AAD−), or late apoptotic and necrotic cells (Annexin−V+/7-
AAD+ and Annexin-V−/7-AAD+) in untreated hPDLSCs, or
exposed to different dilutions of the eluates of the studied
endodontic materials are shown in Fig. 2a. The percentages

Table 3 pH values of MTA Repair and ProRoot Extracts

Non diluted Diluted 1:2 Diluted 1:4

PBS 7.4 7.400 ± 0.01a – –

Butyric Acid 5.2 5.200 ± 0.01b – –

MTA Repair 7.4 7.53 ± 0.01a 7.75 ± 0.01a 7.78 ± 0.01a

ProRoot 7.4 7.61 ± 0.01a 7.79 ± 0.01a 7.63 ± 0.01a

MTA Repair 5.2 6.9 ± 0.01c 7.0 ± 0.01c 7,3 ± 0.01 a

ProRoot 5.2 6.7 ± 0.01c 6.9 ± 0.01c 7.3 ± 0.01a

The values for pH with different letters were significantly different
(p < 0.05)

Fig. 1 a hPDLSCs were stained with monoclonal fluorescence-
conjugated antibodies against typical MSC surface markers (dark gray)
and their respective isotypes (light gray), and analyzed by flow cytometry.
Insert numbers represent percentages of positive cells for each marker.

The figure shows representative flow cytometry analyses obtained from
n = 3 separate experiments. bMetabolic activity of hPDLSCs treated with
different eluents was assessed for 3 days. Significant differences were
indicated as *p < 0.05, **p < 0.01, and ***p < 0.001
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of live cells cultured for 72 h with the different dilutions and
materials were higher than 96% in all conditions and similar to
the values obtained with cells cultured in the absence of the
eluates (control).

Cell attachment on materials and characterization
of set materials

The scanning electron micrographs of the cells in direct con-
tact with the materials are shown in Fig. 2b. After 72 h of
culture, hPDLSCs were seen to be attached to the material,
showing prominent cytoplasmic processes interacting with the
surface of the studied samples and the neighboring cells in
both materials exposed to different environments. No differ-
ences were observed between materials or acidic or neutral
environments.

Different surface microstructures were observed in MTA
Repair HP and ProRoot according to the setting conditions. In
specimens exposed to PBS, slender columns and round crys-
tals composed of these nanosized particles were observed

(Fig. 3). The energy-dispersive x-ray results revealed that the
precipitates on both materials had high peaks of Ca, C, and O
and a weak peak of Si and P. The Ca/P ratio in ProRoot MTA
(2.06) was higher than that observed for MTA Repair HP
(1.88).

On the other hand, more crystalline structures were ob-
served in ProRoot specimens than withMTARepair HP when
the specimens were exposed to butyric acid. In fact, ProRoot
exhibited a large number of petal-like crystallized structures,
whereas MTA Repair HP displayed similar surface character-
istics to when PBS was used. The peaks and mean weight
percentage for every element are listed in Fig. 3.

Discussion

When used as retrograde filling material, bioactive cement is
placed in the apical cavity in contact with periapical tissues
often exposed to and acidic environment, which may affect its
biological properties [13]. The present study evaluates the

Control 

97.31% 0.85% 

0.20% 1.65% 

pH 5.2 pH 7.4 

98.15% 0.88% 

0.12% 0.86% 

MTA Repair HP 
pH 5.2 pH 7.4 

97.57% 0.89% 

0.20% 1.35% 

97.58% 1.08% 

0.18% 1.16% 

ProRoot MTA 
pH 5.2 pH 7.4 

97.77% 1.09% 

0.17% 0.97% 

96.67% 1.78% 

0.33% 1.22% 

a

MTA Repair HP pH 5.2  

100x

ProRoot MTA pH 5.2  MTA Repair HP pH 7.4 ProRoot MTA pH 7.4 b

300x

Fig. 2 a hPDLSCs were cultured in presence or absence (control) of
cement extracts for 72 h, labeled with annexin-V and 7-AAD and
analyzed using flow cytometry. Four quadrants are representing: (−):
live cells (annexinV−/7-AAD−); (+−): early apoptotic cells (annexinV+/

7-AAD−); (−+) and (++): late apoptotic and necrotic cells (annexinV−/7-
AAD+ and annexinV+/7-AAD+). b Cell attachment of hPDLSCs onto
ProRoot (pH 7.4 and 5.2) and MTA Repair HP (pH 7.4 and 5.2) at
72 h. Specimens were observed by SEM. Scale bar = 100 μm
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biological properties of MTARepair HP and ProRoot MTA in
human periodontal ligament stem cells after exposure to acidic
and neutral environments.

hPDLSCs were used for our experiments because the ma-
terials used for root-end fillings are usually placed in close
proximity to the apical and periodontal tissues, and it is widely
accepted that the interactions between bioactive cements and
dental stem cells are very important [27]. Furthermore, har-
vesting and isolating this progenitor population of cells is
relatively straightforward, and a sufficient number of cells
can be obtained in a few weeks [28].

To simulate the conditions of periradicular infections, we
used butyric acid was used to simulate acidic conditions be-
cause this acid is a product of the bacterial anaerobic metab-
olism and it is clinically relevant [29]. Furthermore, it has been
described that after the resolution of the inflammatory process
by the appropriate treatment, the pH of the dental environment
returns to normal within 168 h [30].

Bioactive cements release various ions for over a long pe-
riod of time during storage [31]. The Ca released is beneficial
for apatite formation: when tricalcium silicate-based cements

were in contact with the tissue fluids, they produced calcium
silicate hydrate and calcium hydroxide [5]. The calcium hy-
droxide releases calcium ions which are essential for cell at-
tachment, migration, differentiation and proliferation of hard
tissue-producing cells. Moreover, the Ca released during set-
ting could diffuse into the dentin, increasing in concentration,
thus making MTA a potential candidate for use in inflamma-
tory root resorption treatment [32]. In our study, both materials
showed Ca release. However, more Ca and Si ions were re-
leased with both MTA Repair HP and ProRoot at a pH of 5.2.
These results corroborate those of a previous study, which
appointed to higher Ca release in the presence of ProRoot at
pH 5.4 than at pH 7.4. [13]. Higher concentrations of Si and
Ca ions may facilitate osteoblast and cementoblast differenti-
ation, and also inhibit osteoclastogenesis, providing a support
for periradicular healing processes [33].

The first step necessary before cells can differentiate and
produce an extracellular mineralized matrix on a substrate is
that the new materials must be cytocompatible. To evaluate
the biological effects of both endodontic cements exposed to
different environments, the cell viability and induction of

Element Weight% Atomic%

O K 32.72 60.74

Na K 0.80 1.03
Al K 2.18 2.40
Si K 4.28 4.53

P K 2.46 2.35
S K 0.45 0.42
Ca K 33.32 24.69

W M 23.78 3.84

Totals 100.00

Element Weight% Atomic%

O K 26.87 47.38

Na K 2.23 2.73
Si K 2.73 2.74
P K 14.63 13.33

Ca K 46.76 32.91
Bi M 6.78 0.92

Totals 100.00

MTA Repair HP pH 7.4 Ca/P ratio= 20.48 MTA Repair HP pH 5.2 Ca/P ratio= 13,5 

ProRoot MTA pH 7.4    Ca/P ratio= 3.19 ProRoot MTA pH 5.2    Ca/P ratio= 1.99 

MTA Repair HP pH 7.4 MTA Repair HP pH 5.2 ProRoot MTA pH 7.4 ProRoot MTA pH 5.2 a

Element Weight% Atomic%

O K 30.88 50.09

Na K 4.87 5.50
P K 20.51 17.18
Ca K 40.93 26.50

Tc L 2.80 0.73

Totals 100.00

Element Weight% Atomic%

O K 26.92 53.46

Na K 0.94 1.29
Al K 2.08 2.45
Si K 5.22 5.90

P K 1.85 1.90
Cl K 0.86 0.77
Ca K 37.89 30.04

W M 24.25 4.19

Totals 100.00

b

Fig. 3 Scanning electron microscope with energy-dispersive x-ray analysis (SEM-EDX) evaluating the chemical composition (spectra) and the element
distribution (elemental mapping) of ProRoot (pH 7.4 and 5.2) and MTA Repair HP (pH 7.4 and 5.2)
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apoptosis of hPDLSCs cultured in the presence of the different
extracts was investigated by MTT assay, and the binding of
annexin-V and 7-AAD was measured—two-color flow cy-
tometry analyses usually used to determine the stage of cell
apoptosis. The results revealed that neither MTA Repair HP
nor ProRoot MTA induced apoptosis at pH 5.2 or 7.4, thus
preserving cell viability. So, both biomaterials satisfy clinical
demands in inflamed acidic environments. This is consistent
with previous reports describing that high concentrations of
MTA Repair HP in the cell culture medium significantly in-
crease stem cell viability [3, 16]. Moreover, previous studies
reported that both ProRoot MTA and iRoot BP Plus displayed
good biocompatibility and bioactivity when used as root-end
filling materials in an apical periodontitis animal model [34].
However, one limitation of our study in this respect may be the
lack of previous reports evaluating the cytocompatibility of
MTA Repair HP exposed to an acidic environment.

The quality and quantity of cell attachment onto retrograde
filling materials are generally accepted as valid criteria for
biologically evaluating biomaterials. Scanning electronic mi-
croscopy (SEM) is a useful tool for examining the morpholo-
gy and cell attachment of primary cultured cells seeded on
different biomaterials [35]. The SEM results indicated that
each of these materials exhibited a different degree of surface
roughness andmorphology; ProRoot exhibited a large number
of petal-like crystallized structures when exposed to acidic
environment, whereas MTA Repair HP displayed a globular
precipitates in both environments. These results were consis-
tent with other studies that reported similar prismatic crystal-
line structures when ProRoot MTA was exposed to butyric
acid [13, 36]. Regarding cell attachment, previous studies
have reported that spindle-shaped cells observed in contact
with biomaterials such as Biodentine or ProRoot MTA are a
good indicator of low-toxicity of the materials [23]. Despite
acidic conditions, hPDLSCs exhibited adequate fibroblastoid
morphology with numerous prolongations anchored to the
surface of the cements. These findings are consistent with
previous observations for other bioactive cements that main-
tained their biological properties [13].

For its part, EDX is a chemical microanalysis technique
used to study the composition of dental materials, including
cements. In fact, the compositions of retrograde filling mate-
rials could be related with their cytotoxicity [37]. Using EDX,
numerous studies have shown several detectable variations in
the elemental composition of MTA [16, 38], but there is little
information about variations in the elemental compositions of
these bioactive cements after acidic exposition [13]. When
using MTA Repair HP at pH 5.2, EDX revealed the presence
of Na and Cl (attributable to the PBS medium), traces of Si,
and a marked increase in O and Ca. However, at pH 7.4, MTA
Repair HP showed higher O, Si, and Ca levels than at 5.2.

We observed the marked presence of Ca ions from both
MTA Repair HP and ProRoot MTA in an acidic and a

physiological environment, which was consistent with a pre-
vious study using ProRoot MTA [13]. Also, EDX showed the
presence of bismuth from MTA, which agrees with previous
studies, performed using Pro Root MTA [13]. However, MTA
Repair HP is bismuth-free. The absence of bismuth oxide
reduces the risk of tooth discoloration, although this is not a
major clinical problem with root-end filling materials, [18, 39,
40].

In summary, our results revealed that exposure to an acidic
environment promoted Si and Ca ion release from ProRoot
MTA and MTA Repair HP. Moreover, acceptable biological
properties in terms of cell viability, cell death, and cell attach-
ment, were observed for ProRoot MTA and MTA Repair HP
in both environments.
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