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1. INTRODUCTION

MTA (Mineral Trioxide Aggregate) became, over the last 20 years, one of the most studied
Endodontic materials (HIZATUGU, R. 2012; PARIROKH, M. 2010).

Presenting unique properties, MTA is classified in several groups of dental cements as

reparative, hydraulic and bioceramic, among others.

The success achieved by MTA is explained by the fact that it outperformed all the
competitors used for the same indications. The TOTALLY INNOVATIVE COMPOSITION™ of MTA provides
ideal reparative properties and, simultaneously, qualifies the material as biocompatible, hydrophilic,
radiopaque and low soluble. This group of properties, plus the capacity to stimulate the formation
of cementoid cells and induction of biological repair, distinguished MTA as a prominent material in
Dentistry, particularly in the field of Endodontics.

TOTALLY
INNOVATIVE,

COMPOSITION

* See page 07
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2. HISTORY

* 1993 - First scientific articles on MTA. The authors treated lateral root perforations in
molars with MTA, amalgam and IRM. MTA was statistically better regarding marginal

seal.

LEE, S.J. — The sealing capacity of MTA was compared to that of amalgam, IRM
and Super EBA. Less marginal leakage was provided by MTA. 1993.

TORABINEJAD, M. et al — Sealing ability of a mineral trioxide aggregate when
used as a root end filling material. J. Endod, v.19, n.12, p.591-5, 1993.

« 1998 - Evaluation and approval of MTA by FDA.

* 1999 - MTA is launched commercially in the USA by company Dentsply as Pro Root.

2001 — MTA is launched commercially in Brazil by Angelus (Angelus MTA)

2003 - Angelus launches GREY MTA with a reduced setting time of 15 minutes (setting

time of Dentsply’s Pro Root is 2 hours and 30 minutes).

* 2004 - Angelus WHITE MTA is launched in the market.

+ 2010 — All fabrication processes of MTA are handled in house by Angelus.

2011 — Approval of Angelus MTA by FDA

CERTIFICATIONS AND APPROVALS

Conformité Européenne Food and Drug Administration Agéncia Nacional de Vigilancia Sanitaria
CE FDS ANVISA

c € K112046 10349450023
1434
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Angelus MTA is a dental root repair material composed of Tricalcium Silicate, Dicalcium

Silicate, Tricalcium Aluminate and Calcium Oxide, plus Calcium Tungstate (for MTA White) or plus

Bismuth Oxide (for MTA Gray).

Bismuth Oxide/Calcium Tugstate is added to the cement to provide the necessary

radiopacity of root repair and filling materials.

Tetracalcium Aluminoferrite is the constituent responsible for the color of Angelus Gray

MTA. To manufacture Angelus White MTA, the Aluminoferrite is removed during processing. All the

properties of both Angelus White and Gray MTAs are exactly the same.

Calcium Oxide is added in both Angelus White and Gray MTAs to reduce the setting time,

which is too long in MTA cements of other brands.

COMPONENT NAME CHEMICAL FORMULA FUNCTION

Tricalcium Silicate 3Ca0.Si0. Early strength and setting
Dicalcium Silicate 2Ca0.Si0, Late strength

Tricalcium Aluminate 3Ca0.Al,0 Early strength and setting
Free Lime Ca0 Expansion and Cat release
Bismuth Oxide Bi»0; Radiopacity

Calcium Tungstate CaWo, Radiopacity

Main molecules present:

Calcium and Phosphorus ions — provide the characteristic biocompatibility of the product;

these are also the main molecules present in the dental tissues.
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4. MANUFACTURING PROCESS

Angelus MTA is obtained under strict quality control with the purest inorganic raw materials.
The content of heavy metals (Lead, Arsenic, Chromium) is totally regulated. These substances are
potentially toxic to humans and their limited amounts in medicinal products are supervised by sanitary

authorities.

Angelus quality control assures that all components are ideally measured and added within

standardized values, providing a superb performance of the product and excellence in clinical results.

Angelus MTA is processed in furnaces that allow high precision in determining heating and
cooling temperatures. These precise temperatures guarantee accurate percentages of all the several
previously defined oxides. The end product of the furnace stage is called clinker, which is further ground
in specific mills to obtain particles with an ideal granule size to be used as an endodontic cement. Just
before clinical application, during mixing, the reaction between the ground clinker and the added liquid
depends on the adequate size of the particles. Angelus MTA has 3,907 5m particles size.

For an accurate observation in radiographs, the adequate concentration of a radiopaque
substance is added to the MTA particles. According to ISO Standard 6876, this radiopacity should
exceed that of 3 mm of aluminum. MTA ANGELUS showed radiopacity equal to or greater than 7.2 mm

compared to Al scale.

PHOTOMICROGRAPH OF CLINKER
Blue and brownish alite crystals. Interstitial phase is white

Periclase crystal (white) - MgO (Bernabé PFE., 2002)

Clinker: It is the basic material of MTA, obtained through a process that involves high
temperature burning of raw substances, followed by controlled cooling. It contains all the inorganic
components which are responsible for the physical, chemical and biological properties of the final

product.

IMPORTANT: Although there is a number of serious laboratory studies that show results of Portland Cement similar to
those of MTA, the Portland Cement is not fabricated as a medicinal product and there is no control and regulation by
sanitary authorities such as Anvisa (Brazil) and FDA (USA). Using it in humans is contraindicated and would expose the
patient to risks involving severe health damage caused by the toxic substances present in its formula. This would be a
criminal act which would lead to legal actions against the dentist.
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5. PHYSICAL AND CHEMICAL PROPERTIES OF MTA

Being naturally hydrophilic, Angelus MTA is convenient as a root repair material because an
isolated dry field is not mandatory for its use. Moisture does not affect negatively its sealing ability and,
actually, it is required for the proper setting and initial sealing. Angelus MTA is highly alkaline, creating
a bactericidal environment. When mixed with sterile water, it generates a colloidal gel that contains
Calcium and Hydroxyl ions. Calcium Hydroxide, which has a similar bactericidal effect, is commonly
used for disinfection of root canal systems prior to filling. Mineralized tissue deposition and cementum
formation contribute to the long term sealing ability of MTA cements.

Most dental products require a dry field to be applied. Nonetheless, the oral environment is
wet, which becomes a challenge for the dentists, especially during surgeries. The possibility of working
in a wet field, granted by MTA, besides the benefits mentioned above, decrease the stress level of the
professionals while performing a variety of procedures.

A. pH - With a value of 10.2 after mixing, it becomes stable at 12.5 following the setting
reaction. (TORABINEJAD, M. 1995).

B. CALCIUM IONS RELEASE - The quantity of calcium from Angelus MTA after 24 hours
is 8.8 ppm, after 7 days 10.08 ppm and 15 days 10.1 ppm. Numbers were obtained
through atomic absorption spectrophotometry. (DUARTE et al. 2002)

C. RADIOPACITY - Angelus MTA presents greater radiopacity than gutta percha
and dentin, being easily identified in radiographs: 7.1771Tmm/Al (SCHWARTZ,1999;
TANOMARU, J.M.G. et al. 2005).

D. SETTING TIME - Only 15 minutes, significantly shorter than the typical 2.5 hours of
other MTA cements in the market. Mainly composed of hydrophilic particles and, for
this reason, tissue moisture acts as a chemical activator for Angelus MTA setting
reaction (BERNABE, P. F. E., 2004).

E. MARGINAL SEALING — Also because of the hydrophilicity of its particles and their
expansion during setting, Angelus MTA is a superb sealer. (VALOIS, C. R. A;; COSTA JR,
E. D. 2003; TANOMARU FILHO, M. et al. 2003).

F. SOLUBILITY - The material had a solubility of (0.84 + 0.33) %, according to bench testing.
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Technical Data

ISO 6876 Requirements | Angelus MTA Properties

>3 mm
RADIOPACITY of aluminum >7 mm
step wedge
<110 % _
SETTING TIME of that stated 15 min

by the manufacturer

<3% 0,84%

SOLUBILITY mass fraction mass fraction

PHYSICAL PROPERTIES

Initial Ph 10,2

Ph after 3 hours 12,5
Solubility 0.8410.33
Particle size 12 pm
Radiopacity >=7mm/Al
lons Ca release 2.44%
Setting time 15 min
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6. BIOLOGICAL PROPERTIES OF MTA

A. ANTIMICROBIAL ACTIVITY

MTA has a high bactericidal effect on facultative anaerobic microorganisms.
(TORABINEJAD et al., 1995)

A similar effect was also shown on Lactobacillus sp, Streptococcus mitis, Streptococcus
mutans and Streptococcus salivarius. (HONG et al.,, 1993; DUARTE, M. A. H. et al. 2002).
B. MUTAGENICITY
After extensive testing, the conclusions are that MTA does not demonstrate carcinogenic
potential. (VILARINHO, R. H. et al. 2005).
C. ToXICITY

The cellular response elicited by Angelus MTA, evaluated through cytomorphologic
investigation of osteoblasts, classifies the cement as biocompatible.

All research studies on cytotoxicity and tissue reaction in the presence of MTA,
demonstrate its high biocompatibility. (TORABINEJAD et al., 1995; FORD et al., 1996;
FREDERICO, P. G. et al. 2006; DEUS, G. et al. 2003).

All tests with the product were performed according to the following standards:
6876 I1SO Dental root canal sealing materials 2012,
10993-1 ISO Biological evaluation of medical devices — Part 1: Evaluation and testing 2018.
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Mechanism of action

The powder of MTA solidifies in the presence of moisture. After its setting, the composition
is Calcium Oxide (in the form of crystals) and Calcium Phosphate, with an amorphous granular
appearance. The elements of the prisms in the material are 87% Calcium, 2.47% Silica and 10.53%
Oxygen. The amorphous structure presents 33% Calcium, 49% Phosphate, 2% Carbon, 3% Chloride and
6% Silica.

It is a biocompatible material that induces the healing of periapical lesions, stimulates the
formation of cementum, bone and, indirectly, of periodontal ligament. It is the first known endodontic
cement that allows the growth of cementum directly on its surface.

The arrangement and size of its particles, the powder/liquid ratio and external agents
(temperature and moisture), are responsible for the efficiency and properties of the material.

Angelus MTA presents Calcium Oxide in a high concentration that reacts with water
(H,0) and forms Calcium Hydroxide Ca(OH),. Calcium Hydroxide is today the most used intracanal
medication which, according to extensive research, has been proven to work well through time. When
in contact with tissue fluids, Calcium Hydroxide is dissociated in Calcium ions (Cat) and Hydroxyl
ions (OH"). The effect of these ions on tissues and microorganisms is responsible for such success.
(PECORA,, J.D; GUERISOLI, D.M.Z; ESTRELA, C.. 1997)

With the accumulation of Hydroxyl ions, the pH becomes highly basic and inhospitable for
bacterial proliferation. The high pH alters and damages the bacteria membranes and their DNA and

denatures their protein content. These phenomena explain the antimicrobial properties of MTA.

The pH rise also activates the Phosphatase Alcaline, an enzyme that stimulates the release
of inorganic phosphate from phosphate esthers. The free inorganic Phosphate ions react with Calcium
ions resulting in Calcium Phosphate, the main component of Hydroxyapatite.

TRONSTAD et al. (1981) studied the diffusion of Hydroxil ions from Calcium Hydroxide
through dentinal tubules and the likely pH rise in the tissues. The authors’ conclusions were that
Calcium Hydroxide in the root canal could influence resorption areas, preventing osteoclastic activity
and stimulating the reparative process. The presence of Calcium ions is necessary to enhance the
immune reaction and to trigger the Calcium dependent ATPase (Adenosine Triphosphatase), the latter
associated with hard tissue formation.
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Calcium ions react with Carbon Dioxide (CO,) present in the tissue and form calcite
granulation (CaCQ,). Adjacent to these granulation, fibronectin starts to accumulate. Then, with cell
differentiation and layering of cementum and bone, the periapical lesion is repaired.

ESTRELA et al. (1994) state that the remarkable qualities of products that contain Calcium
H ydroxide, if compared to other pharmaceuticals, are related to two significant enzymatic properties:

1. Inhibition of bacterial enzymes, which occurs at cytoplasmic membrane level,
2. Activation of tissue enzyme phosphatase alcaline, which enables mineralization.

Reation to Rat Connective Tissue to Implanted Dentin Tubes
Filled with Angelus MTA Holland et al., 2001.

Angelus MTA was packed inside dentin tubes. These tubes were implanted in subcutaneous
tissue of rats and left from 7 to 30 days. Samples were removed, fixed, included and sectioned (without

decalcification).

Figure 1. Notice Angelus MTA (M) inside dentin tube (D).
Adjacent to the material surface, there is calcite
granulation (arrow). Polarized light. 80 X.

Figure 2. Calcite granules (arrow) inside dentinal
tubules and Angelus MTA (M) inside dentin tube.
Polarized light. 80 X.

Figure 4. Basophilic sites (arrow) indicating calcification
and connective tissue with few cells of the chronic
inflammation type. HE. 100 X.

Figure 3. Notice a hard tissue bridge (Von Kossa positive)
adjacent to the tube entrance (arrow) 100 X.

It was concluded that the results obtained were similar to those of previous studies with
Pro Root (Dentsply).
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MTA - Action Mechanism
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n T A BLANCO
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Fibronectin [ Fibroblasts

Odontoblasts Osteoblasts B Cementoblasts

Celular proliferation

Calcium ions react with carbon dioxide (CO,) present in the tissue and form calcite granulation (CaCQO,).
Adjacent to these granulation, fibronectin starts to accumulate. Then, with cell differentiation and
layering of cementum and bone, the periapical lesion is repaired.
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/. INDICATION

When Angelus MTA was first launched, its uses were primarily as a retrofiller in periapical
surgery and as a material to fill and repair intraradicular and furcation perforations. However, after
extensive scientific research, the indications were expanded and today the cement is used to repair
perforations caused by communicating external and internal resorption cases, for the conservative
treatment of the pulp (pulpotomy and pulp capping) in deciduous and permanent teeth, and as a
material that stimulates apexification.

The possibility of being able to be applied in a wet environment, its biocompatibility and
provide such an array of indications, which will certainly be increased with time.

The uses of MTA in perforations, apexification and periapical surgeries present the best
results because, besides the physical sealing provided by the setting expansion of the cement, there
is a biological sealing elicited by the proliferation of cells directly on the cement during the reparative
process.

In cases of internal and external resorption and prevention of resorption caused by
intracoronal bleaching, Angelus MTA, with its very high pH, neutralizes these typically acidic
environments, precluding the emergence or the progression of resorption.

In pulp capping, MTA promotes the formation of a dentin barrier in contact with the cement
proper. The results are superior than those obtained with pure Calcium Hydroxide. MTA is less soluble,
prevents bacterial contamination from outside towards the pulp and, because of its setting expansion,
hermetically seals the exposed site. The quick 15 minute setting time of Angelus MTA gives to the
operator the opportunity to restore the tooth immediately in these cases.

The use of MTA in situations of incomplete root formation in vital teeth has the purpose
of maintaining the pulp healthy and a viable Hertwig's epithelial sheath. When this is achieved,
odontoblasts differentiate, dentin is formed and root development continues, resulting in thick root
walls with a reduced risk of fracture. Such process will also promote the formation of the apical closure
and a natural apical constriction.
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Pulp capping
’ Pulpotomy

® _~
.—\ Treatment of root or

furcation perforation

o— |
_\ Internal Resorption

o—'
Apexification/
o N Apexogenesis
Retrofilling ya ®
Direct pulp capping Pulpotomy
Initial X-ray 60 days post op Initial X-ray 12 months
post op

Furcation and Root Apexification/

Canal Perforation Apexogenesis
Initial X-ray: 3 years Initial X-ray 18 months

root canal perforation post op post op
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Internal Resorption

Inicial case Immediately 3 years post op
post op

Reverse Root Filling

Initial X-ray Groove for root sectioning Root sectioning
Root sectioning Mirror view os sectioned apex Apex retrofilled with MTA
8 months post op 24 months post op

Radiographs gently provided by Profs. Drs.: *Clévis M. Bramante, **Débora P. Serella, ***Danilo

Shimabuko ****_.eandro Pereira
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Use technique

1. Sterilize a glass slab, a metal spatula and all instruments for the insertion and
condensation of MTA.

2. Place on the glass slab the content of 1 sachet of MTA (or 1 spoon of MTA) and 1 drop
of distilled water.

3. Mix the MTA powder and the water for 30 seconds. The mixture must present a sandy
consistency, similar to amalgam immediately after trituration, although more humid.

4. Place the MTA on the selected site with a MTA APPLICATOR.

5. Condense the cement with instruments such as amalgam condensers, a number 1
spatula or absorbent paper points moistened with distilled water.

MPORTANT: If MTA is not used immediately after mixing, its dehydration can be prevented and the working
time increased by covering the mix on the glass slab with a wet gauze. If the mixed MTA dehydrates, it must
be discarded.

Restoration

Restoration

Fully
Developed
Root
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8. HANDLING AND SETTING REACTION

The mixing ratio is 1 (one) dose (0.14g) of powder to 1 (one) drop of distilled water.

The material must be mixed on a sterilized glass slab for 30 seconds, by adding parts of
the powder to the water, until a paste with a sandy consistency is achieved. The mixed material should

be applied immediately with the help of MTA carriers.

The setting time is 15 minutes after mixing. It should be highlighted that this time is
considerably short if compared to similar products with setting time of 2 hours and 30 minutes.

Angelus MTA Applicator

IMPORTANT: The mixed paste which is not used and remains on the glass slab becomes powdery again. It must be
discarded because the previously hidrated particles have already been expanded and lose this fundamental quality.
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9. PRESENTATION

Angelus MTA is presented as a powder in a bottle or sachet and distilled water in a
bottle.

+ Angelus MTA
+ Angelus MTA
+ Angelus MTA
+ Angelus MTA

Grey), 1 g, 7 applications;
Grey), 2 g, 14 applications;
White), 1 g, 7 applications;

~ o~ o~ —~

White), 5 g, 35 applications.

Angelus MTA Presentations
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ABDO NETO, E; Consideragdes atuais sobre o agregado trioxido mineral na endodontia; Dissertagdo apresentada ao
Curso de Pés-Graduagao Stricto Sensu da Faculdade de Odontologia da Universidade Veiga de Almeida 2009.

ADIGA, S. FERNANDES M. ADIGA. S. - Nonsurgical approach for strip perforation repair using mineral trioxide aggregate
J Conserv Dent Year : 2010 | Volume : 13| Issue : 2 | Page : 97-101.

AGUILAR, GF et al; Radiopacity Evaluation of Calcium Aluminate Cement, JOE — Volume 37, Number 1, January 2011.

ALTUNDASAR, E. DEMIR, B. - Management of a Perforating Internal Resorptive Defect with Mineral Trioxide Aggregate: A
Case Report JOE — Volume 35, Number 10, October 2009.

ALVES, D.F;BARROS, E..Tratamento Clinico-Cirurgico dos Insucessos Endodénticos Odontologia. Clin.-Cientif., Recife, 7
(1): 67-73, jan/mar., 2008.

AMARAL G, SOUZA MC, GARBOSSA M, FREITAS LF, LOPES AC; Selamento Cervical — Uma nova perspectiva para o MTA
Proclin Faculdade de Odontologia - UNIVERSIDADE DO ESTADO DO RIO DE JANEIRO.Braz Oral Res 2008;22(Suppl. 1):267-
94 (Proceedings of the 25th SBPqO Annual Meeting).

ANTONIO, H. A; BROON, N. J. Capacidad selladora del Pro Root MTA, MTA Angelus y Super EBA en obturaciones
retrogradas, empleando el sistemade filtracion de fluidos. Rev Sanid Milit Mex 2007; 61(4) Jul.-Ago: 244-250.
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MDPC-23. Sdo Paulo: Braz. Oral. Res. , 2006. p. 236 In: SBPQO 2006, Atibaia.

ARANHA, R. e al - Single-session use of mineral trioxide aggregate as an apical barrier in a case of external root resorption,
Journal of Oral Science, Vol. 52, No. 2, 325-328, 2010.

ARAUJO, G. S. et al. Selamento apical em obturacées retrégradas. Estudo em dentes bovinos empregando soluc&o corante
Rodamina B. Sao Paulo: Braz. Oral. Res. , 2006. p. 277. In: SBPQO 2006, Atibaia. Anais...
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MTA. In: SBPgO 2003.
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2010;109:e47-e49).
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BLANCO,C.C.S; Tesis doctoral Estudio clinico del agregado trioxido mineral en pulpotomias de molares temporales.
Comparacioén de resultados con MTA gris y MTA Madrid, 2010.
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