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ABSTRACT 

Mineral trioxide aggregate (MTA) is a unique material with several exciting clinical 

applications. MTA has potential and one of the most versatile materials of this century in the 

field of dentistry. During endodontic treatment of primary and permanent tooth MTA can be 

used in many ways. MTA materials have been shown to have a biocompatible nature and 

have excellent potential in endodontic use. MTA materials provide better microleakage 

protection than traditional endodontic repair materials using dye, fluid filtration, and bacterial 

penetration leakage models. In both animal and human studies, MTA materials have been 

shown to have excellent potential as pulp capping and pulpotomy medicaments. MTA 

material can be used as apical and furcation restorative materials as well as medicaments for 

apexogenesis and apexification treatments. In present article, we review the current dental 

literature on MTA, discussing composition, physical, chemical, and biological properties, and 

clinical characteristics of MTA. 
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INTRODUCTION 

Mineral Trioxide Aggregate (MTA) was introduced by MohmoudTaorabinejad at Loma 

Linda University, California, USA in 1993
1 

and was given approval for endodontic use by the 

U.S. Food and Drug Administration in 1998.
2,3 

MTA has several desirable properties in terms of its biocompatiblity, bioactivity, 

hydrophilicity, radiopacity, sealing ability and low solubility. The most important of these 

properties in dentistry are its biocompatibility and sealing ability. High biocompatibility 

encourages optimal healing responses. This has been observed histologically with the 

formation of new cementum in periradicular tissues area and a low inflammatory response 

with bridge formation in the pulp space.
4,5

 The seal achieved is due to its expansion and 

contraction properties being very similar to dentin which results in high resistance to 

marginal leakage and to bacterial migration into the root canal system. A stable barrier to 

bacterial and fluid leakage is one of the key factors which facilitates clinical success. 

 

COMPOSITION OF MINERAL TRIOXIDE AGGREGATE 

MTA is available in two types based on the color known as gray and white MTA. the major 

difference between GMTA and is as follows WMTA is in the concentrations of Al2O3, MgO 
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and FeO.
6
 Chemical composition of the both GMTA and WMTA is as follows

6
[Adapted 

from Asgary et al. (2005)] 

Chemical compound GMTA (wt%) WMTA (wt%) 

Calcium oxide (CaO) 

Silicon dioxide (SiO2) 

Bismuth trioxide (Bi2O3) 

Aluminium oxide (Al2O3) 

Magnesium oxide (MgO) 

Sulfur trioxide (SO3) 

Chlorine (Cl) 

Ferrous oxide (FeO) 

Phosphorus pentoxide (P2O5) 

Titanium dioxide (TiO2) 

Carbonic acid (H2O+CO2) 

40.45 

17.00 

15.90 

4.26 

3.10 

0.51 

0.43 

4.39 

0.18 

0.06 

13.72 

44.23 

21.20 

16.13 

1.92 

1.35 

0.53 

0.43 

0.40 

0.21 

0.11 

14.49 

 

MANUPILATION OF MTA 

The MTA paste is obtained by mixing 3 parts of powder with 1 part of water to obtain putty 

like consistency. Mixing can be done on paper or on a glass slab using a plastic or metal 

spatula. This mix is then placed in the desired location and condensed lightly with a 

moistened cotton pellet. 
7,8,9 

Immediately after mixing MTA has a pH of 10.2. After 3 hours of setting the pH increased to 

12.5. The pH of set MTA is almost similar to calcium hydroxide.
10

MTA takes longer time to 

set compared to any other material. The exact time taken to set varies between different 

studies. According to Torabinejad and colleagues the setting time of grey MTA is about 2 

hours and 45 minutes (+5minutes), whereas Islam et al reported 2 hours and 55 minutes for 

grey MTA and 2 hours and 20 minutes for white MTA. Extended setting period of MTA is 

one of its main drawbacks. It is suggested by many investigators that the incorporation of 

accelerators such as sodium phosphate dibasic (Na2HPO4) and calcium chloride (CaCl2) 

may reduce the setting time. MTA powder must be kept tightly closed to avoid degradation 

by moisture. 
11,12 

After mixing, the mix should not be left open on the slab as it undergoes dehydration and 

dries into a sandy mixture. 
9 

It should be used immediately after it is prepared. MTA may be 

placed into the desired location using hand instruments or ultrasonic condensation. Hand 

condensation is done with the help of a plugger, paper point or messing gun. 
9
 Ultrasonic 

condensation is done by first placing a hand instrument such as a condenser in direct contact 

with the MTA. Then an ultrasonic instrument is placed touching the shaft of the hand 

instrument and activated for several seconds. 
13 

 

PROPERTIES OF MINERAL TRIOXIDE AGGREGATE 

COMPRESSIVE STRENGTH 

Torabinejad M, et al. (1995) studied physical properties of MTA and found that compressive 

strength at 24 hours 40.0 MPa and at 21 days 67.3MPa; and in comparison, between GMTA 

and WMTA result showed that compressive strength of Gray MTA > White MTA.
10 

Torabinejad M (1995) concluded that the mean radio opacity of MTA is 7.17 mm of 

equivalent thickness of aluminium, which is adequate to make it easy to visualize 

radiographically.
10 

 

SOLUBILITY 
 Although the set MTA shows no signs of solubility, the solubility might increase if more 

water is used during mixing. The set MTA when exposed to water releases calcium 
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hydroxide which might be responsible for its cementogenesis inducing property. 
14

 An acidic 

environment does not interfere with the setting of the MTA. 
15

 

 

MARGINAL ADAPTATION AND SEALING ABILITY 

This property is most vital for any restorative material especially when used for root end 

filling, repair of perforations, pulp capping or pulpotomy procedures. Bates et al 
16

 found 

MTA superior to the other traditional root-end filling materials. MTA expands during setting 

which may be the reason for its excellent sealing ability. 
17

According to Torabinejad et al
18

 

MTA seals very superiorly and no gaps were found in any of the experimental specimen. 

However, amalgam, Super EBA and IRM exhibited gaps ranging from 3.8 to 14.9 microns. 

MTA has also proved itself to be superior in the bacterial leakage test by not allowing the 

entry of bacteria at the interface.
19

 MTA thickness of about 4 mm is sufficient to provide a 

good seal. 
20

 Residual calcium hydroxide may interfere with the adaptation of MTA to dentin 

thereby reducing its sealing ability either by acting as a mechanical obstacle or by chemically 

reacting with MTA. 
21

 This may be important when calcium hydroxide is placed in the cavity 

in between the appointments prior to the placement of MTA. 

 

REACTION WITH OTHER DENTAL MATERIALS  

MTA does not react or interfere with any other restorative material. Glass Ionomer cements 

or composite resins, used as permanent filling material do not affect the setting of MTA when 

placed over it.
22 

 

BIOCOMPATIBILITY 
Sumer et al. (2006)

23
 concluded that MTA is well tolerated by the tissues and biocompatible. 

Arens and Torabinejad (1996)
24 

treated furcation perforations and osseous repair with MTA. 

 

TISSUE REGENERATION 

MTA is capable of activation of cementoblasts and production of cementum. 
10 

It consistently 

allows for the overgrowth of cementum and also facilitates regeneration of the periodontal 

ligament. MTA allows bone healing and eliminates clinical symptoms in many cases.
2 

 

MINERALIZATION 
Myers K (1996)

2
 determined that MTA, similar to calcium hydroxide (CaOH2), induces 

formation of dentin bridge. According to Holland et al. (1999)
25

 theorized that the tricalcium 

oxide content of MTA interacts with tissue fluids and form CaOH2, resulting in hard-tissue 

creation in a similar manner to that of CaOH2. Faracoet al. (2001)
5
 concluded that the dentin 

bridge formed with MTA is relatively faster, with good structural integrity than with CaOH2. 

According to Dominguez et al. (2003)
26

and Tziafas (2002)
27,38

 MTA stimulates reparative 

dentin formation along with maintaining the integrity of the pulp. 

 

CLINICAL APPLICATION OF MINERAL TRIOXIDE AGGREGATE 

In Primary teeth: 

1. Pulp capping 

2. Pulpotomy 

3. Root canal filling 

4. Furcation perforation repair 

5. Resorption repair 

In Permanent teeth: 

1. Pulp capping 

2. Partial pulpotomy 
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3. Perforation repair - Apical, lateral, furcation 

4. Resorption repair - External and internal 

5. Repair of fracture - Horizontal and Vertical 

6. Root end filling 

7. Apical barrier for tooth with necrotic pulps and openapex 

8. Coronal barrier for regenerative endodontics 

9. Root canal sealer 

 

PULP CAPPING 

MTA has been proposed as a potential medicament for capping of pulps with reversible 

pulpitis because of its excellent tissue compatibility. 
2,28,39

 It is much superior to the routinely 

used calcium hydroxide based on the tissue reaction and the amount and type of dentin bridge 

formed.
29

 Although both MTA and calcium hydroxide are alkaline, there is a wide difference 

in tissue reaction between these materials. Calcium hydroxide is associated with tissue 

necrosis and inflammation during the initial period of placement, but no such inflammation or 

necrosis was seen in the pulp tissue adjacent to MTA. With MTA, dentin bridge after pulp 

capping was seen at about 1 week which steadily increased in length and thickness within 3 

months of capping whereas following pulp capping with calcium hydroxide, the dentin bridge 

was less consistent and had numerous tunnel defects.
28,29,40

 

 

PULPOTOMY 
Formacresol has been routinely used as a pulpotomy agent for deciduous teeth. But this 

material has been criticized for its tissue irritating, cytotoxic and mutagenic effects. MTA 

was tested and found to be an ideal material with low toxic effects, increased tissue 

regenerating properties and good clinical results. 
30,31,41

 In a histological study by Jabbarifar 

et al 
32,42

 MTA was found to be a better choice as pulpotomy material along with bioactive 

glass when compared to hydroxyapatite and formacresol. 

 

ROOT-END FILLING OF IMMATURE PERMANENT TEETH 

Many materials have been used as root-end filling agents, but the main disadvantage is their 

failure to prevent leakage and the lack of biocompatibility. Amalgam, although routinely used 

as a root-end filling material, proved to be much inferior when tested with MTA. MTA 

treated teeth exhibited significantly less inflammation, more cementum formation and 

regeneration of periradicular tissues. 
10,33,43 

 

APICAL PLUG 

The disadvantage of using calcium hydroxide in this is the extended time taken for the 

completion of the procedure which may range anywhere between 3 to 54 months. 
34

 Other 

disadvantage of calcium hydroxide as noted by Andreasen et al 
35

 is that the tooth with 

calcium hydroxide placed for more than 100 days showed a significant reduction in fracture 

resistance. This problem is solved with the use of MTA. An MTA plug of 4mm thickness 

placed at the apical region is adequate to form a barrier, sealing the canal from the periapical 

area.
36,37,44 

 

REPAIR OF PERFORATION 

Root perforation can be iatrogenic or due to severe extension of internal resorption leading to 

a communication between the root canal and the periodontium. There may be severe 

inflammation and granulation tissue formation with extensive hemorrhage. Repairing such a 

communication requires a material that should be biocompatible, should withstand moisture 

without dissolving and should have good sealing ability. Lee and associates found that MTA 
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had significantly less leakage and less tendency for overfilling or underfilling, when 

compared with amalgam and IRM.
1,45,46,47 

 

CONCLUSION 

MTA is an excellent biocompatible material. MTA has various exciting clinical applications 

as it has numerous qualities mandatory for an ideal dental material. MTA required to be 

further explored by clinicians so that its advantageous properties can be practiced. 

Apexification with calcium hydroxide is comparatively unpredictable and also makes the 

tooth less resistant to fracture. Single visit MTA apical plug placement has proved to be a 

successful alternative in such cases. MTA is also successful in the formation of a dentin 

bridge that is thicker with lesser defects and side effects. MTA need to be explored by 

clinicians so that its beneficial properties can be extracted. 
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