UNIVERSIDADE FEDERAL DE ALFENAS

JAQUELINE MARTINS CRIVELARI

AVALIACAO FiSICO-QUIMICA DE UM CIMENTO BIOCERAMICO
REPARADOR CONTENDO CINCO OXIDOS

ALFENAS/MG
2025



JAQUELINE MARTINS CRIVELARI

AVALIACAO FiSICO-QUIMICA DE UM CIMENTO BIOCERAMICO
REPARADOR CONTENDO CINCO OXIDOS

Trabalho de conclusdo de curso
apresentado como parte dos requisitos para
obtengdo do grau de Bacharel em
Odontologia pela Faculdade de Odontologia
da Universidade Federal de Alfenas. Area de
concentragdo: endodontia.

Orientador: Dr. Bruno Martini Guimaraes
Coorientadora: Dra. Camila Soares Lopes

ALFENAS/MG

2025



Sistema de Bibliotecas da Universidade Federal de Alfenas
Biblioteca Central

Crivelari, Jaqueline Martins.
Avallagdo Fislco-Quimica de um Cimento Bioceramico Reparador
Contendo Cinco Oxidos f Jagueline Martins Crivelari. - Alfenas, MG, 2025.
441 ¢, -

Orientador(a): Bruno Martind Guimardes.

Trabalho de Conclusdo de Curso (Graduacho em Odontalogia) -
Universidade Federal de Alfenas, Alfenas, MG, 2025.

Bibliografia.

1. Endodontia Regenerativa. 2. Materiais Dentarios. 3. Composicio
Quimica. 4. Selante do Canal Radicular. I. Guimaries, Bruno Martinl, orient.
. Titubo.

Ficha gerada automaticamente com dados fornecidos pelo autor.




JAQUELINE MARTINS CRIVELARI

AVALIAGAO FiSICO-QUIMICA DE UM CIMENTO BIOCERAMICO
REPARADOR CONTENDO CINCO OXIDOS

Aprovada em: 17 de novembro de 2025

Prof. Dr. Bruno Martini Guimaraes

Universinade Federal de Alfenas

Prof. Dr. Carlos Augusto de Souza Lima

Universinade Federal de Alfenas

Prof. Dra. Daniela Coelho de Lima

Universinade Federal de Alfenas

O Presidente da banca examinadora abaixo
assina a aprovagao do Trabalho de
Conclusdo de Curso apresentado como
parte dos requisitos para obtengao do titulo

de Bacharel em

Odontologia pela

Universidade Federal de Alfenas.
Area de concentragao: Endodontia

Assinatura g b

Prof. Dra. Tatiany Gabrielle Freire Araujo Guimaraes

Universinade Federal de Alfenas

Documento assinado digitalmente

BRUNO MARTINI GUIMARAES
Data: 17/11/2025 09:07:07-0300
Verifique em https://fvalidar.iti.gov.br



RESUMO

Um dos principais objetivos do tratamento endoddntico é reparar dentes e manté-los
em suas condi¢des funcionais. Para que isso seja possivel, muitos cimentos tém sido
utilizados, sendo que, por muitos anos, o material de escolha foi o Hidréxido de Calcio,
pois apresenta como propriedades agao antimicrobiana e indugcdo de deposigao de
tecido mineralizado. Os cimentos bioceramicos vém demonstrando maior eficacia
terapéutica devido a sua biocompatibilidade. O cimento reparador MTA (agregado
triobxido mineral) € um material a base de silicato de calcio amplamente utilizado em
procedimentos reparadores na Odontologia. Porém, por ndo apresentar todas as
caraceristicas de um material reparacor ideal, novos cimentos tém sido desenvolvidos,
como o “5MQO”, um cimento a base de cinco 6xidos minerais. O presente estudo tem
como objetivo avaliar as propriedades fisico-quimicas deste novo cimento,

comparando o MTA Branco.

Palavras-chave: Endodontia regenerativa, Materiais Dentarios, Composigdo Quimica,

Selante do Canal Radicular.



ABSTRACT

One of the main goals of endodontic treatment is to repair teeth and keep them in their
functional condition. To make this possible, many cements have been used and for
many years, the material of choice was Calcium Hydroxide, as it has antimicrobial
properties and induction of deposition of mineralized tissue. Bioceramic cements
demonstrating greater therapeutic efficacy due to their biocompatibility. The repairing
cement MTA (mineral trioxide aggregate) is a material based on calcium silicate widely
used in restorative procedures in Dentistry. However, as it does not have all the
characteristics of an ideal repairing material, new cements have been developed, such
as “5MQO”, a cement based on five mineral oxides. The present study aims to evaluate
the physicochemical properties of this new cement comparing with the properties of

pure silicate and white MTA.

Keywords: Regenerative endodontics, Dental materials, Chemical composition, Root

canal sealant.
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1 INTRODUGAO

Os procedimentos reparadores sdo de grande importancia na endodontia
(Bancas; Trope, 2004), pois permitem a manutencdo dos dentes em condigdes
funcionais (Roig et al., 2011). Para isso, materiais bioativos tém sido a escolha em
procedimentos pulpares e endoddnticos para melhorar os resultados da cicatrizagao,
principalmente reduzindo a probabilidade de extragdo (Primus; Tay; Niu, 2019). Em
caso de exposic¢ao pulpar, esse material ndo irritante é aplicado sobre a polpa com o
intuito de desinflamar o tecido pulpar e manter o dente funcional (Barret, 1877).

A busca por um material capaz de induzir a regeneragao e reparo de cavidades
expostas comegou no ultimo século (Al-Nalahwi; Rachi; Hasna, 2021). Durante muito
tempo, o hidroxido de calcio foi o material de escolha e passou por diversos estudos
avaliando sua eficacia como material reparador, apresentando resultados satisfatorios
nas suas propriedades antimicrobiana e indutora da deposi¢cao de tecido mineralizado
(Cvek, 1972; Schoder, 1972). Porém, os cimentos bioceramicos surgiram
demonstrando efeitos mais efetivo em tratamentos endodonticos (Hasna et al., 2020),
devido a sua biocompatibilidade e excelente eficacia terapéutica (Darweesh et al.,
2020).

O agregado tridoxido mineral (MTA) € um material reparador bioativo derivado
do cimento de Portland (Torabinejad, 1993), descrito como um pé hidrofilico composto
por silicato tricalcico, aluminato tricalcico, oxido tricalcico, oxido de silicato e alguns
outros 6xidos minerais (Darweesh et al., 2020). E indicado para diferentes situaces
clinicas, tais como apicigénese, apicificacao, revascularizagao pulpar e selamento de
perfuragdes endodénticas (Linswanont; Kulviti; Santiwong, 2018; Linswanont et al,
2017). Sua radiopacidade se deve ao 6xido de bismuto adicionado a sua estrutura
(Torabinejad, 1993). Suas propriedades fisicas, quimicas e bioldégicas do MTA tém
sido estudadas por décadas, porém, avangos ainda s&0 necessarios para que se
obtenha uma composicdo que atenda as caracteristicas ideais para um material
reparador (Santos et al., 2005; Gandolf et al., 2011; Gandolf et al., 2012).

Um cimento endodéntico reparador ideal deve apresentar caracteristicas fisicas
de estabilidade dimensional e de cor (Camilleri; Mallia, 2011; Marciano et al., 2014;
Duque, 2018), radiopacidade (Islam; Chng; Yap, 2006), tempo de presa adequado,
auséncia de solubilidade em contato com fluidos (Fridland; Rosado, 2003; Cavenago

et al., 2014), escoamento para um adequado selamento (Duarte et al., 2012; Duque
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et al., 2018); propriedades quimicas e bioldgicas de alcalinidade, liberagao de ions
calcio (Duarte et al., 2003), bioatividade (Gandolfi et al., 2010), adesao celular (Balto,
2004) e biocompatibilidade (Holland et al., 2002; Camilleri et al., 2004); e propriedades
antimicrobianas (Tanomaru-Filho et al., 2007). Muitas das propriedades ideais para
um cimento reparador foram demonstradas pelo MTA, porém outras ainda necessitam
de aprimoramento (Parirokh; Torabinejad, 2010).

Novos materiais tém sido desenvolvidos com o objetivo de solucionar estes
inconvenientes do MTA (Gandolfi et al., 2015; Cintra et al., 2017; Silva et al., 2017).
O cimento de cinco 6xidos minerais, 5SMO (Golden Yatti LLC, Muscat, Oman), também
€ derivado do cimento Portland e foi desenvolvido com o intuito de tratar complicagdes
endodoénticas. Este cimento se mostrou efetivo em casos de capeamento pulpar,
apicectomia e selamento de perfuragbes (Hasna, et al., 2022). Na sua composigao
encontramos o oxido de titanio (TiO2), além dos 6xidos de silicio, calcio, aluminio e
magnésio. Embora nao haja informagdes disponiveis sobre o efeito direto do 6xido de
titanio presente no 5MO, varias pesquisas demonstraram que o titanio puro € um
material atoxico e apresenta excelente biocompatibilidade (Heravi, et al., 2013).

Por ser um material novo, as propriedades fisico-quimicas do cimento 5MO
foram pouco exploradas, mas torna-se mais uma opg¢ao de material bioceramico

reparador viavel no cotidiano clinico e objeto de estudo para pesquisas.

1.1 OBJETIVO GERAL

O objetivo geral deste estudo sera analisar as propriedades fisico-quimicas dos
cimentos obturadores a base de silicato de célcio, o 5MO (Golden Yatti LLC, Muscat,
Oman) que contém cinco 6xidos em comparagao ao MTA branco (Angelus Industria
de produtos Odontoldgicos S/A, Londrina, Brasil), considerado padrao ouro.
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ABSTRACT

Repairing endodontic materials play a crucial role in maintaining dental functionality by
improving healing outcomes and preventing extractions. Mineral trioxide aggregate
(MTA), a calcium silicate-based cement, stands out for its bioactivity and
biocompatibility, being considered the gold standard in endodontic repairs. However,
new materials have been developed, such as the five mineral oxides cement (5MO).
This study aimed to compare the physicochemical properties of 5SMO and White MTA,
focusing on pH, setting time, solubility, chemical composition, and surface
characterization. The pH was analyzed at 37°C at 3, 12, 24, 72 hours, and 7, 14, 21
days, and the setting time test followed ISO 6876-2012 standard. For the solubility test,
samples were weighed, stored in distilled and deionized water for 24 hours, dried, and
weighed again. Solubility was calculated using the samples' weight loss (%). Surface
analysis of the cements was performed by scanning electron microscopy (SEM) and
energy-dispersive X-ray spectroscopy (EDS), and chemical analysis by Fourier-
transform infrared spectroscopy (FTIR) (37-100°C). Data were analyzed using
Shapiro-Wilk and Student's t-test (p < 0.05). Both materials maintained an alkaline pH
throughout the study period, essential for antimicrobial activity and tissue
mineralization. However, White MTA maintained higher alkalinity at 21 days, indicating
potential long-term stability advantages. Setting time analysis revealed that 5SMO has
a significantly longer setting time compared to White MTA, which may impact clinical
handling efficiency. Furthermore, 5SMO showed higher solubility after immersion in
PBS, potentially compromising material stability and sealing effectiveness over time.
Surface characterization using SEM/EDS highlighted distinct particle morphologies
and compositions, while FTIR analysis further differentiated chemical bonds and
hydration products between the cements. In conclusion, although 5MO exhibits
promising alkalinity and elemental composition favorable for tissue regeneration, its
longer setting time and higher solubility compared to White MTA may limit its clinical
utility.

Keywords: Dental materials; chemical properties; calcium silicate; Regenerative

endodontics.
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INTRODUCTION

Repair procedures are crucial in endodontics as they help in maintaining teeth
in functional conditions®'. Bioactive materials play a significant role in pulp and repair
procedures in order to improve healing outcomes and reduce the need for extraction*®.
Hydraulic cements are particularly notable for their ability to form apatite at the
material-dentine interface in the presence of moisture®. Calcium silicate-based
cements, for example, are commonly used in regenerative endodontic treatment due

to their biocompatibility and bioactivity?”

Mineral Trioxide Aggregate (MTA) is a calcium silicate-based material widely
used in repair procedures in endodontics?*, considered the gold standard repair
material with promising clinical outcomes?®. It is primarily composed of tricalcium
silicate, dicalcium silicate, and a radiopacifying agent*4. The performance of MTA is
attributed to its bioactivity8, sealing ability*3, expansion®?, moisture retention, and
release of hydroxyl and calcium ions, creating an alkaline pH that is unfavorable for
bacterial growth and promotes mineralized barrier formation in adjacent tissues*2.
While MTA (WMTA) has been extensively studied for its physical, chemical, and
biological properties over the years, there is ongoing research to further enhance its

characteristics as an ideal repair material®33133,

An ideal endodontic repair cement should possess physical characteristics such
as dimensional stability, color'"#126 radiopacity®’, suitable setting time, resistance to
solubility?%16, flow for proper sealing?>2%, as well as chemical and biological properties
including alkalinity, calcium ion release?, bioactivity>*, cellular adhesion®,
biocompatibility3®°, and antimicrobial properties®. WMTA demonstrates many of these

ideal properties, there is still room for improvement*4.

New materials such as the Five Mineral Oxides cement (5MO), derived from
Portland cement’, have shown promise in in vitro studies as a non-cytotoxic material
with antimicrobial properties’2. In clinical applications, 5SMO has proven effective as a
retrofilling material?® and repair material for perforations®3. Although the physical-
chemical properties of 5SMO are still being explored, it represents a viable bioceramic
repair material option for both clinical practice and research purposes. The literature

also does not present works comparing these properties with those of MTA.
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The development of biocompatible and bioactive materials in Endodontics
signifies a significant advancement with promising prospects for clinical use?:.
However, careful consideration and prior studies are essential in selecting a new
endodontic material based on physical-chemical properties, which can influence its
biological behavior and clinical prognosis’4. The aim of this study was to analyze and
compare 5MO with WMTA in terms of their physical-chemical properties including pH,
setting time, solubility, and surface characterization, with the null hypothesis being that

there would be no difference between these two repair cements.



MATERIALS AND METHODS
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The materials used in the study were the WMTA (Angelus, Londrina, Parana,
Brazil) and 5SMO (GOLDEN YATTI LLC, MUSCAT, OMAN). The preparation of WMTA

was done using 0,145¢g of powder (1 spoon) to one drop of liquid. The cements was

mixed in a glass plate using a metallic spatula for 40 seconds to obtain a homogeneous

consistency, as recommended by the manufacturer. For 5 MO, was used the ratio 3:1

(powder: water) and mixed for 30 seconds. The root canal sealers were mixed in

accordance with the instructions provided by the manufacturers (Table 1).

Table 1- The repair materials evaluated, their respective manufacturers, chemical

composition and proportions utilized.

Manufacturers Composition Proportions
Powder: Calcium oxide, 1g powder /
Golden YattLLC silicate oxide, titanium 0.33ml distilled
5MO Registration N° oxide, aluminum oxide, water
31211591 and magnesium oxide.

Angelus Industria
de Produtos
Odontolégicos
S/A. CNPJ

WMTA 00.257.992/0001-
37.

Liquid: distilled water

Powder: Tricalcium
silicate, dicalcium silicate,
tricalcium aluminate,
calcium oxide, calcium
tungstate

Liquid: distilled water.

0.145g powder/
0.25 ml distilled

water

Physicochemical properties

pH

The pH of the cements was determined after 3, 12, 24, 72 hours, 7, 14, 21 days.

10 samples from each group were used, in accordance with other studies found in the

literature. The samples were prepared using polyethylene tubes (10 x 1 mm) filled by

the materials WMTA and 5MO. Each tube was immersed in plastic containers with 10
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ml of distilled water and then stored at 37°C with a relative humidity of 95%. At each
period, the tubes were removed from the plastic container and placed in a new one
with 10 mL of distilled water. The pH analysis was performed by using the previously
calibrated Ultrabasic pH metre (Denver Instrument Company, Arvada, Colorado,
USA)™.

Setting time

Setting time was determined by using microgranulated plaster molds (Durone-
IV; Dentsply, Petropolis, Rio de Janeiro, Brazil) that were previously manufactured (10
x 1mm) and immersed in distilled water for 24 hours before testing. The sample
consisted of 6 elements from each group, also following examples from the literature.
The plaster molds were filled with the sealers WMTA and 5MO after manipulation.
Periodically, a 100 £ 0.5 g Gilmore needle with a diameter of 2 £ 0.1 mm was placed
vertically on the surface of the sample to determine the setting time according to ISO
6876:2012. Throughout the analysis, the materials were kept in an oven, and the
needle was cleaned between analyses. Setting times were determined as the period
between manipulation and the moment when the needle no longer produced marks on

the surface of the cements'3:

Solubility

The sample was also composed of 6 elements from each group, according the
literature. Circular molds measuring 1.5 mm in height and 7.75 mm in internal diameter
were made'® and filled with the materials and with a nylon thread included in the mass
cement. The samples were stored in an oven at a temperature of 37°C for a period of
time three times the setting time of each material. The specimens were weighed on an
HM-200 precision balance (A & D Engineering, Inc., Bradford, MA) to obtain their initial
mass The specimens were weighed on an HM-200 precision balance (A & D
Engineering, Inc., Bradford, MA) to obtain their initial mass and suspended using nylon
threads inside plastic containers with lids containing 7 .5 mL phosphate-buffered saline
solution (PBS), and kept in an oven at 37°C for 7 days. After these periods, the
specimens were removed from the solution and placed in a desiccator. The final mass
was measured every 24 hours until the mass stabilized. Mass loss was expressed as

a percentage of the original mass.
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Surface characterization

Scanning Electron Microscopy/Energy Dispersive X-Ray (SEM/EDX)

For surface characterization, Scanning Electron Microscopy (SEM) analysis
coupled to the Energy Dispersive Spectrometer (EDS — Energy Dispersive System)
was used. Three samples of each cement (10mm diameter x 1mm thick) were prepared
and after setting time at 37°C and 95% humidity, each sample was carbon- coated
separately, using double-sided carbon conductive tape. These samples were placed
on a platinum SEM plate and the assembly was placed in the hood of the Emitech K450
metallizer for 1 minute and 30 seconds under a current of 50 mA. In this step, a thin
layer of conductive element, in this case carbon, was deposited on the surface so that
the electrons could be conducted. Then, the samples were taken to the Scanning
Electron Microscope (SEM), which had an energy dispersive spectrometer (EDS)
attached for semi-quantitative analysis. The beam energy was maintained at 20 kV and
the beam current reached the samples with values of 6000 pA, as needed to adjust the
brightness/contrast and quality (counts) of the EDS analyzes®*. A magnification of 1000

times was performed.

FOURIER-TRANSFORM INFRARED SPECTROSCOPY (FTIR)

FTIR spectra were obtained using potassium bromide (KBr) pellets with 0.05 g
of each material and 0.1 g of KBr. The mixture was immediately transferred to a 13 mm
diameter pressing die, where it was placed under vacuum in a 10-ton RIIK ring pressing
machine for 1 min. Spectra were obtained using a calibrated FT-IR spectrometer
(Vertex 70v; Bruker, Billerica, MA, USA) operating in normal transmittance mode,
spectral resolution of 4 cm A1 and range of 400 to 4000 cm A1 under vacuum. FTIR
spectral data does not require signal processing*’. The sample number was 3 elements

for each group of cements.

Statistical analysis

All data was analyzed with GraphPad Prism 9.02 (GraphPad Software, Inc., CA,
USA) statistical program (a = 0.05). The normal distribution of these data was
confirmed using the Shapiro-Wilk normality test and the physicochemical properties
were submitted to Student's t test.
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RESULTS

In all time periods, both WMTA and 5SMO promoted an alkaline pH. At 21 days,
WMTA was significantly more alkaline than 5MO (p=0.004), demonstrating greater
stability over time; in other periods, there was no significant difference between the
cements (p>0.05).

Acording to table 2, both repair materials exhibited mass loss after immersion
in PBS. WMTA had lower mass loss than 5SMO (p = 0.0107). Regarding setting time
values, there was no difference between the cements, with 5SMO demonstrating the

longest setting time (p < 0.0001).



Table 2 — pH, solubility and setting time values (mean and standard deviation) of W MTA and 5MO.

21

Solubillity Seeting
pH values (% mass loss) Time
(minutes)
3 hours 12 hours 24 hours 72 hours 7 days 14 days 21 days
W MTA 10.96+0.442 10.73£0.492 10.46+0.43% 10.54+0.572 9.6+0.54 8.85+0.75% 9.50 +0.82 4.04+£1.23p 51.02+3.94p
5MO 10.56+0.672 10.60+0.252 10.53+0.392 10.45+0.582 9.2+0.672 8.75+0.592  8.6+0.3p 6.02+1.462 70.76+2.932

Different letters on the same column represent a significant difference between materials (p < 0.05)



In the analysis of cements using Energy Dispersive Spectroscopy (EDS), the
Figure 1 (A) shows the spectrum for 5SMO sample, showing that this material is primarily
composed of carbon, oxygen, calcium, and silicon, along with smaller amounts of
strontium, barium, aluminum, titanium, bismuth, sulfur, magnesium, and iron. In contrast,
in Figure 1 (B), the spectrum for WMTA shows that this cement is predominantly
composed of oxygen, carbon, calcium, and tungsten, but also contains smaller quantities
of silicon, strontium, and aluminum. The presence of magnesium, sulfur, titanium, iron,
barium, and bismuth in 5SMO, as well as the absence of tungsten, makes the composition
of this cement different from WMTA. In the Table 3, which represents the chemical
composition of both materials, it is possible to observe that similarity occurs only in the

presence of carbon, oxygen, aluminum, silicon, calcium, and strontium in both cements.

Table 3 — Chemical Composition of 5MO and W MTA according to EDX

Elemento %5MO %WMTA
C 50,13 19,87
(0] 36,87 39,79
Mg 0,09
Al 0,74 0,93
Si 3,93 35
S 0,19
Ca 5,14 20,67
Ti 0,24
Fe 0,06
Sr 1,49 2,27
Ba 0,92
Bi 0,19

w 13,14




Image captured by Scanning Electron Microscopy (SEM) observed in Figure 2
(A) reveal that SMO exhibits an irregular surface with small, lighter-colored particles
prominently visible. In contrast, WMTA in Figure 2 (B) shows a surface composed of

particles of various sizes, more elongated, with white spots among a grayish coloration.
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Figure 1: EDS Spectrum. (A) 5SMO Sample; (B) WMTA Sample

igure 2: Scanning electron icrcope photomicrograph at 1000x magification.
(A) 5SMO sample; (B) WMTA sample.

The figure 3 displays FTIR spectra for WMTA and 5MO. An absorption band at
1400 cm-1 related to the C-O group was observed. The band at 3200 cm-1
corresponds to the C-H group, which is prominent in hydrated materials. Furthermore,

a significant peak ranging from 2750 to 3250 cm-1, attributed to the O-H group present



in the cement composition, was noted. Bands at 750 and 1150 cm-1 were associated.
The 5MO graph presents the same peaks as that of MTA but with more noise, which

may be associated with the impurity of the formulation.
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Figure 3: FTIR spectra of 5MO and WMTA.



DISCUSSION

The current study evaluated the physicochemical, morphological structure, and
chemical composition properties of 5SMO compared to WMTA. Significant differences
were found in the physicochemical properties of the materials, leading to the rejection
of the null hypothesis. 5MO exhibited a longer setting time and higher solubility, but

lower alkalinity after 21 days.

The release of hydroxyl and calcium ions results in the alkaline pH of the
medium. The composition, proportion of silicates, and particle sizes have a significant
influence on the hydration process of the material and the release of calcium hydroxide.
During the hydration of calcium silicate and calcium oxide'?, the synthesis of calcium
hydroxide occurs, with a continuous release of calcium ions and hydroxyl ions?”. WMTA
contains calcium silicates and calcium oxide in its composition, while 5SMO cement only
contains oxides in its formulation. This could explain the significant decrease in

alkalinity of the medium after 21 days compared to MTA.

Throughout all periods, both materials maintained an alkaline pH in the medium,
which plays a significant role in the antibacterial activity and osteogenic potential of the
materials?’. This alkaline environment creates favorable conditions for tissue
regeneration and infection prevention, crucial characteristics in endodontics’. WMTA
initially raised the pH of the medium, which then varied between 10.96 and 8.85,

consistent with findings from previous studies’319.

In this study, 5SMO demonstrated a longer setting time and greater mass loss
compared to other related studies on setting time and solubility of calcium silicate-
based endodontic materials#°. The significant mass loss observed in the 5MO material
can be attributed to the presence of calcium oxide in its composition, which contributes

to its high solubility®8’ similar to materials containing calcium hydroxide®®.

Both repair materials exhibited mass loss after being immersed in PBS, with a
solubility exceeding the recommended 3% according to ISO 6876:2012 standards.
Another study also reported mass loss for MTA White'3. Materials with extended setting
times are more prone to dissolution during endodontic procedures?® and those with
high solubility may lead to inadequate sealing and the presence of gaps in the filling’®,

potentially causing reinfection and compromising the prognosis.
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The liquid utilized for immersion can interact with the material, potentially
impacting the results obtained in solubility tests®2. The cements utilized in this study
are hydrophilic and rely on humidity to set?”. Consequently, the solubility methodology
outlined by Carvalho-Junior'® was adopted, with PBS selected as the immersion

medium as it closely mimics physiological conditions®”

Chemical analysis and characterization of different materials were conducted
using a combination of SEM/EDX and FTIR analyses. In this study, scanning electron
micrographs of WMTA revealed a more uniform and homogeneous surface compared
to 5MO. While there are no existing studies in the literature comparing these specific
materials, other studies employing similar methodologies have noted that WMTA
exhibits multiple aggregates of large, round particles with an elongated shape'’4°. The
size and distribution of particles in the composition of endodontic materials can
significantly impact their characteristics*?; specifically, larger particles tend to have
excellent hydration capability’?. At 5SMO the particles showed more evident this could
be related to the high solubility and setting time of this material observed in the present

study.

Rocha et al.®® analyzed the FTIR spectra of MTA Angelus and identified
absorption bands at 660, 896, and 1410 cm-' associated with C-O. In the present study,
absorption bands at 1400 cm' were observed for "WMTA" and "5MQ". Abu Zeid et al.*
demonstrated bands at 2800-2900 cm-' related to the C-H group, which were also
evident at 3200 cm" in both materials analyzed in this study. Following material setting,
the formation of CO3 resulted in peaks at 1440 and 1472 cm-', as observed at 1600
cmin this study. Bands at 449, 524, and 996 cm" indicated the presence of hydrated
calcium silicate in WMTA which were detected at 750 and 1150 cm™' in the sample
examined in this study. Furthermore, Mahmoud et al.*? identified a broad peak between
3000-3600 cm™ attributed to the water O-H group in fully set materials for MTA
Angelus, suggesting the formation of hydrated phases such as calcium hydroxide and
hydrated calcium silicate as reaction products. In this study, significant peaks of this O-

H group were observed at 2750 and 3250 cm™’

Analyzing aspects of Scanning Electron Microscopy (SEM) coupled with Energy
Dispersive Spectrometer (EDS), Camilleri et al.’® found that "WMTA" is composed of
silicon, calcium, and oxygen, with the latter two being more concentrated. Hasna'

demonstrated in their study the presence of titanium, sulfur, potassium, and the
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absence of tungsten in "5MQ". Furthermore, according to Sarzeda et al.>*, calcium and
oxygen elements form calcium oxide, which subsequently transforms into calcium
hydroxide, enabling these repair materials to effectively induce remineralization. The
chemical composition data from previous studies are also observed in this work, where
White MTA has 39.79% oxygen and 20.67% calcium, consistent with the
aforementioned authors. Additionally, comparing White MTA and 5MO cements, it was
found that both contain carbon, oxygen, aluminum, silicon, calcium, and strontium.
However, it was noted that WMTA also contains tungsten, probably related to its
radiopacifier, while 5SMO contains titanium, iron, barium, and bismuth. It was also
observed that White MTA has a high percentage of calcium in its composition. In 5SMO,
calcium is present in smaller quantities, with carbon standing out at 50.13% in its
composition.

5MO exhibited an alkaline pH and the presence of calcium and oxygen ions,
which are crucial for antimicrobial activity and for inducing the formation of mineralized
tissue during repair'. However, in the current study, this material displayed higher
mass loss and setting time compared to WMTA indicating potential drawbacks that
could hinder its clinical utility. Surface characterization and FTIR tests show that 5SMO
appears to lack purity in its formulation, which may lead to the aforementioned

disadvantages.
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CONCLUSION

In conclusion, this study comprehensively evaluated and compared the
physicochemical characteristics of 5SMO and WMTA as potential endodontic repair
materials. Substantial variations were observed between the two cements in several
parameters, contradicting the initial hypothesis. Although 5MO presents favorable
properties such as high pH and satisfactory repair elements, the lack of purity in its

formulation contradicts the advances that MTA has undergone.
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3 CONSIDERAGOES FINAIS

O presente trabalho teve como objetivo fazer a analise fisico-quimica de um
novo material bioceramico contendo 5 6xidos (5MQO) em comparacédo ao MTA Branco
(Angelus), sendo este considerado padrao ouro.

Com base na analise comparativa entre o MTA Branco e o cimento 5MO,
observa-se que ambos o0s materiais apresentam propriedades fisico-quimicas
distintas, as quais podem influenciar sua efetividade clinica e estabilidade a longo
prazo.

O MTA Branco demonstrou maior manutencao da alcalinidade apds 21 dias,
indicando uma possivel superioridade em termos de durabilidade. Ademais,
apresentou um tempo de presa significativamente reduzido em relagdo ao 5SMO,
caracteristica que pode favorecer o manuseio clinico e otimizar a eficiéncia dos
procedimentos terapéuticos.

Por sua vez, o cimento 5MO revelou uma alcalinidade adequada e uma
composi¢ao elementar potencialmente benéfica a regeneragao tecidual. Contudo, o
tempo de presa mais prolongado e a maior solubilidade observada apds a imersao em
solugao de PBS podem representar limitagdes quanto a sua estabilidade dimensional

e capacidade de selamento ao longo do tempo.
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