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Abstract
Mineral Trioxide Aggregate (MTA) has become such an important material in armamentarium of
endodontic practice that at present it is virtually inseparable from endodontics. MTA was
introduced in 1993 with original intent to use mainly for perforation repair. MTA is derived from
Portland cement it is composed mainly of Tricalcium silicate and Dicalcium silicate. However
because of its superior physicochemical characteristics such as, low shrinkage and good sealing
ability, its use gradually expanded in the endodontic practice. Its use ranges from pulpotomy in
primary teeth, vital pulp capping agent in permanent teeth, to root end fillings, perforation, as
well as repair material in tooth resorption and apexifications. This review article explores scope
of MTA in endodontic practice.
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Introduction
Mineral Trioxide Aggregate was introduced
in early 1990s it was first used by
Torabinejad for repair of Lateral Root
perforations. MTA is a product of complex
compounds major component of which
includes Tricalcium Silicate and Dicalcium
Silicate [1-3]. In addition, MTA contains
relatively small amount of Tricalcium
Aluminate
and
Tetracalcium
Aluminoferrite. To increase radiopacity,
bismuth oxide was added in MTA [4, 5]
initially only grey colored MTA (GMTA)
was available however due to potential for
causing tooth discoloration in 2002 a tooth
colored MTA also called as white MTA
(WMTA) was introduced.

Chemistry
Mineral Trioxide Aggregate is derived from
Portland cement. MTA and Portland cement are
very similar in composition. MTA powder
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contains fine hydrophilic particles that set in the
presence of moisture. MTA is composed mainly
of lime (CaO), silica (SiO2) and bismuth oxide
(Bi2O3). White MTA (WMTA) contained
significantly lesser amount of aluminum oxide
(Al2O3), magnesium oxide (MgO) and ferric
oxide (Fe2O3) than grey MTA (GMTA) [6].It is
of interest to know that MTA contains
considerably lesser heavy metals such as
Arsenic, Lead, Iron, and Chromium than
Portland cement [7] Proroot MTA (Dentsply
Tulsa Dental) appears to be safe in terms of its
heavy metal content [8]. When MTA powder is
mixed with water calcium hydroxide and
calcium silicate hydrate are formed which
transform into a poorly crystallized amorphous
gel. It is because of calcium hydroxide
formation the pH of MTA is alkaline. The pH
value of MTA is 10.2 after mixing. This value
rises to 12.5 at 3 hours [9]. Calcium hydroxide is
also responsible for formation of a hard tissue
barrier calcium hydroxide eventually also react
with phosphate ion to form amorphous calcium
phosphate
which
ultimately
yields
hydroxapatite. [10-13] As the MTA matures in
phosphate of body fluids the calcium deficient
hydroxapatite is formed at the surface of MTA
[14]
.
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Physical Characteristics
Standard MTA is prepared by mixing power
with sterile water in a ratio of 3:1 [15] The mean
setting time of MTA is 165 + 5 minutes [16]
Setting Expansion of both GMTA and WMTA
varied considerably WMTA expands slightly
more than GMTA [17, 18]. Solubility of MTA
Most investigations reported low or no
solubility for MTA [19 -21]. However, increased
solubility is reported in a long-term study [22].
The compressive strength of MTA is
significantly less than that of amalgam and
IRM, after 24 hours. However, after 3 weeks,
there is no significant difference between Super
EBA, IRM, and MTA in terms of compressive
strength. [10] Biocompatibility studies of MTA
have shown that MTA is a biocompatible
material and its biocompatibility is superior to
IRM and silver Amalgam [23].

Clinical Performance Studies
As a pulp capping Agent in primary teeth:
studies conducted with MTA used as pulp
capping material in animal have found that all
the pulps capped with MTA showed dentin
bridge formation and the bridge formed adjacent
to MTA was thick and continuous with original
dentin. [24]
Direct pulp capping in Permanent teeth: The
material of choice since many years for Vital
Pulp Therapy (VPT) was calcium hydroxide
Ca(OH)2 [25]. Despite its apparent success in
VPT calcium hydroxide has shown toxic effects
on vital pulp tissue apparently because of its
high pH. [26] Therefore, an ideal VPT material
should be biocompatible and stimulates dentin
formation and apical development of immature
teeth. MTA provides a non-resorbable seal over
the vital pulp. Accorinte et al; reported that pulp
healing with MTA is faster than with Ca(OH)2.
Previous investigations showed favorable
outcomes in human teeth with MTA pulpotomy
treatment [27 -30].
Perforation closure: Sluyk SR et al;
demonstrated that perforation defects repaired
with MTA showed that periradicular moisture
was advantageous in adapting the material to the
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walls of the perforation. Further its retention and
physical characteristics were not altered by
placement of either a moist or dry cotton pellet
over the material [31]. Most of studies of
furcation perforations [32, 33] showed significant
cementum was generated underneath material
and less inflammation in perforation sites with
MTA were as in Lateral Perforation repairs by
Holland et al [34] showed no inflammation and
cementum formation. This shows that MTA is
versatile perforation repair material.
Apexification: Treatment of apexification prior
to introduction of MTA was confined to
Calcium hydroxide, however the drawback of
calcium hydroxide was multiple visits that were
required and weakening of tooth structure. Now
it has been shown that MTA has cementogenic
properties, not only when used as a root-end
filling material and in perforation repair but also
in the induction of root-end closures [34]. MTA
also induces the formation of apical calcific
barriers and resolution of periapical disease of
open apices in teeth with necrotic pulps, as
demonstrated in numerous case reports [35-39].
MTA obturations in teeth with immature apices
can induce apexo-genesis by stimulating the
mesenchymal stem cells from the apical papilla
to promote complete root maturation in the
presence of periapical pathosis or abscesses [40].
Resorption : It has been shown that intracanal
application of MTA can also cause release of
calcium ions through dentinal tubules into
External Resorption defect, which may halt the
progress of resorption and favour repair
potential of the surrounding tissues [41]. Recent
research has demonstrated that root canal treated
teeth obturated with MTA exhibit higher
fracture resistance than their untreated
counterparts [42]. This could be attributed to the
ability of MTA to prevent the destruction of
collagen by inducing the expression of a tissue
inhibitor of metalloproteinase 2 in the dentin
matrix [43]. Very satisfactory results were also
observed by Meire & De Moor [44] when treating
a perforating Internal Resorption in the mesial
root of a mandibular second molar using MTA,
observed a complete recovery of the alveolar
bone and periodontal ligament. Sari & Sonmez
[45]
published a study about the treatment of an
Internal Resorption with MTA in deciduous
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molars. Based on the obtained results the
authors state that the MTA seems to be an
adequate material for the treatment of Internal
Resorptions of deciduous teeth too.
For root canal Obturation: Mineral trioxide
aggregate (MTA) might have a profound
advantage when used as canal obturation
material because of its superior physiochemical
and bioactive properties. Based on clinical
performance MTA might become a viable
alternative treatment option compared with
gutta-percha–based materials and sealers. MTA
exhibits superior sealability against bacterial
microleakage, while demonstrating antibacterial
and bioinductive properties that can improve
treatment outcomes. Furthermore, the material is
sterile, radiopaque, resistant to moisture, and
nonshrinking and stimulates mechanisms
responsible for the bioremineralization and
resolution of periapical disease [46].
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Conclusion
10.

On the basis of available information, it appears
that MTA is the material of choice for some
clinical applications and especially it can be
used for root-end filling, VPT, Perforation
Repair, and Apical Barrier formation for teeth
with necrotic pulps and immature apex.
Hydroxyapatite crystals form over MTA when it
comes in contact with tissue fluid. This can act
as a nidus for the formation of calcified
structures after the use of this material in
endodontic treatments. However MTA has
some known drawbacks such as a long setting
time, high cost, and potential for discoloration.
More clinical studies are needed to confirm its
long term efficiency when compared with other
materials.
Source(s) of support: Nil
Conflict of Interest: None declared

References
1.
2.

Camilleri J. Hydration mechanisms of mineral trioxide
aggregate. Int Endod J. 2007; 40:462–470.
Song JS, Mante FK, Romanow WJ, Kim S. Chemical
analysis of powder and set forms of Portland cement,
gray ProRoot MTA, white ProRoot MTA, and gray
MTA-Angelus. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2006; 102:809–815. [PubMed]

J Cont Med A Dent Jan-Apr 2014 Volume 2 Issue 1

11.

12.

13.

14.

15.

16.

17.

18.

19.

Belío-Reyes IA, Bucio L, Cruz-Chavez E. Phase
composition of ProRoot mineral trioxide aggregate by Xray powder diffraction. J Endod. 2009; 35:875–878.
[PubMed]
Asgary S, Parirokh M, et al; A comparative study of
white mineral trioxide aggregate and white Portland
cements using X-ray microanalysis. Aust Endod J. 2004;
30:89–92. [PubMed]
Camilleri J, Kralj P, Veber M, Sinagra E.
Characterization and analyses of acid-extractable and
leached trace elements in dental cements. Int Endod J.
2012; 45:737–743. [PubMed]
Asgary S, Parirokh M, Eghbal MJ, Brink F. Chemical
differences between white and gray mineral trioxide
aggregate. J Endod. 2005; 31:101–103. [PubMed]
Monteiro Bramante C, Demarchi AC, de Moraes IG,
Bernadineli N, Garcia RB, Spångberg LS, Duarte MA.
Presence of arsenic in different types of MTA and white
and gray Portland cement. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2008; 106:909–913.
[PubMed]
Chang SW, Shon WJ, Lee W, Kum KY, Baek SH, Bae
KS. Analysis of heavy metal contents in gray and white
MTA and 2 kinds of Portland cement: a preliminary
study. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod. 2010; 109:642–646. [PubMed]
Torabinejad M, Hong CU, McDonald F, Pitt Ford TR.
Physical and chemical properties of a new root-end
filling material. J Endod 1995; 21:349–53.
Sarkar NK, Caicedo R, Ritwik P, Moiseyeva R,
Kawashima I. Physicochemical basis of the biologic
properties of mineral trioxide aggregate. J Endod. 2005;
31:97–100.
Bozeman TB, Lemon RR, Eleazer PD. Elemental
analysis of crystal precipitate from gray and white MTA.
J Endod. 2006; 32:425–428.
Tay FR, Pashley DH, Rueggeberg FA, Loushine RJ,
Weller RN. Calcium phosphate phase transformation
produced by the interaction of the portland cement
component of white mineral trioxide aggregate with a
phosphate-containing fluid. J Endod. 2007; 33:1347–
1351.
Camilleri J. Characterization and chemical activity of
Portland cement and two experimental cements with
potential for use in dentistry. Int Endod J. 2008; 41:791–
799.
Seok-Woo Chang ‗Chemical characteristics of mineral
trioxide aggregate and its hydration reaction‘ Restor Dent
Endod. 2012 November; 37(4): 188–193.
Torabinejad M, Watson TF, Pitt Ford TR. Sealing ability
of a mineral trioxide aggregate when used as a root end
filling material. J Endod 1993;19:591–5
Masoud Parirokh, Mahmoud Torabinejad, Mineral
Trioxide Aggregate: A Comprehensive Literature
Review—Part I JOE — Volume 36, Number 1, January
2010 pp16 -27.
Chng HK, Islam I, Yap AU, Tong YW, Koh ET.
Properties of a new root-end filling material. J Endod
2005;31:665–8
Islam I, Chng HK, Yap AU. Comparison of the physical
and mechanical properties of MTA and Portland cement.
J Endod 2006; 32:193–7.
Poggio C, Lombardini M, Alessandro C, Simonetta R.
Solubility of root-end-filling materials: a comparative
study. J Endod 2007; 33:1094–7.

6

Neetu Kharat et al: Mineral Trioxide Aggregate
20. Shie MY, Huang TH, Kao CT, Huang CH, Ding SJ. The
effect of a physiologic solution pH on properties of white
mineral trioxide aggregate. J Endod 2009;35: 98–101.
21. Danesh G, Dammaschke T, Gerth HU, Zandbiglari T,
Scha¨ fer E. A comparative study of selected properties
of ProRoot mineral trioxide aggregate and two Portland
cements. Int Endod J 2006; 39:213–9.
22. Fridland M, Rosado R. MTA solubility: a long term
study. J Endod 2005; 31:376–9.
23. Mahmoud Torabinejad, and Masoud Parirokh Mineral
Trioxide Aggregate: A Comprehensive Literature
Review—Part II JOE — Volume 36, Number 2,
February 2010 pp 190-202.
24. Shayegan A, Petein M, Vanden Abbeele A. The use of
beta-tricalcium phosphate, white MTA, white Portland
cement and calcium hydroxide for direct pulp capping of
primary pig teeth. Dent Traumatol 2009; 25:413–9.
25. Stanley HR. Criteria for standardizing and increasing
credibility of direct pulp capping studies. Am J Dent.
1998; 11 Spec No: S17–34.
26. Hanks CT, Bergenholtz G, Kim JS. Protein synthesis in
vitro, in the presence of Ca(OH)2-containing pulpcapping medicaments. J Oral Pathol. 1983; 12(5):356–65.
27. Torabinejad M, Chivian N. Clinical applications of
mineral trioxide aggregate. J Endod. 1999;25(3):197–
205. doi: 10.1016/S0099-2399(99)80142-3.
28. Accorinte MdLR, Holland R, et al; Evaluation of mineral
trioxide aggregate and calcium hydroxide cement as
pulp-capping agents in human teeth. J Endod. 2008;
34(1):1–6.
29. Witherspoon DE, Small JC, Harris GZ. Mineral trioxide
aggregate pulpotomies: a case series outcomes
assessment. J Am Dent Assoc. 2006; 137(5):610–8.
30. Barrieshi-Nusair KM, Qudeimat MA. A prospective
clinical study of mineral trioxide aggregate for partial
pulpotomy in cariously exposed permanent teeth. J
Endod.
2006;
32(8):731–5.
doi:
10.1016/j.joen.2005.12.008.
31. Sluyk SR, Moon PC, Hartwell GR. Evaluation of setting
properties and retention characteristics of mineral
trioxide aggregate when used as a furcation perforation
repair material. J Endod 1998; 24: 768 - 771.
32. Ford TR, Torabinejad M, McKendry DJ, Hong CU,
Kariyawasam SP. Use of mineral trioxide aggregate for
repair of furcal perforations. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 1995; 79:756–63.
33. Noetzel J, Ozer K, Reisshauer BH, et al. Tissue responses
to an experimental calcium phosphate cement and
mineral trioxide aggregate as materials for furcation
perforation repair: a histological study in dogs. Clin Oral
Investig 2006; 10: 77–83.
34. Holland R, Filho JA, et al; Mineral trioxide aggregate
repair of lateral root perforations. J Endod 2001; 27:281–
4.
35. Maroto M, Barberı´a E, et al; Treatment of a non-vital
immature incisor with mineral trioxide aggregate (MTA).
Dent Traumatol 2003; 19:165–9.

J Cont Med A Dent Jan-Apr 2014 Volume 2 Issue 1

36. Pradhan DP, Chawala HS, et al; Comparative evaluation
of endodontic management of teeth with unformed apices
with mineral trioxide aggregate and calcium hydroxide. J
Dent Child 2006; 73:72–85.
37. Karp J, Bryk J, Menke E, et al; The complete endodontic
obturation of an avulsed immature permanent incisor
with mineral trioxide aggregate: a case report. Pediatr
Dent 2006; 28:273–8.
38. Villa P, Fernandez R. Apexification of a replanted tooth
using mineral trioxide aggregate. Dent Traumatol 2005;
21:306–8.
39. Erdem AP, Sepet E. Mineral trioxide aggregate for
obturation of maxillary central incisors with necrotic pulp
and open apices. Dent Traumatol 2008;24: 38–41.
40. Huang GT, SonoyamaW, Liu Y, Wang S, Shi S. The
hidden treasure in apical papilla: the role in pulp/dentin
regeneration and bio root engineering. J Endod 2008;
34:645–51.
41. H. O. Ozdemir, B. Ozçelik, et al; ―Calcium ion diffusion
from mineral trioxide aggregate through simulated root
resorption defects,‖ Dental Traumatology, vol. 24, no. 1,
pp. 70–73, 2008.
42. G. Bogen and S. Kuttler, ―Mineral trioxide aggregate
obturation: a review and case series,‖ Journal of
Endodontics, vol. 35, no. 6, pp. 777–790, 2009.
43. S. Hatibovic-Kofman, L. Raimundo, L. et al; ―Fracture
resistance and histological findings of immature teeth
treated with Mineral Trioxide Aggregate,‖ Dental
Traumatology, vol. 24, no. 3, pp. 272–276, 2008.
44. Meire M & De Moor R. 2008. Mineral Trioxide
Aggregate Repair of a Perforating Internal Resorption in
a Mandibular Molar. J Endod, 34(2): 220–223.
45. Sari S & Sonmez D. 2006. Internal Resorption

Treated with Mineral Trioxide Aggregate in a Primary
Molar Tooth: 18- Month Follow-up. J Endod, 32(1):
69–71.
46. George Bogen, and Sergio Kuttler, Mineral Trioxide
Aggregate Obturation: A Review and Case Series JOE
— Volume 35, Number 6, June 2009; pp 777-90.

7

