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Summary

Mineral Trioxide Aggregate (MTA) was introduced into dentistry as a root-end filling material. Several resear-
ches and investigations were done on its properties and uses. In this review, the composition, properties and indi-
cations of MTA are mentioned, along with the techniques for its use in various clinical situations like pulp cap-
ping, internal and external root resorptions, lateral and strip perforations, furcal perforation, apexification,
root-end filling and root-canal filling. A case report of repairing furcal perforation using MTA is also documented.
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praxi

Souhrn: Mineral Trioxide Aggregate (MTA) byl uveden do stomatologie jako vyplňový materiál pro apex zub-
ního kořene.Řada výzkumů, sledování jeho vlastností a poznatků z jeho aplikací byla publikována. V předloženém
přehledném článku autoři shrnují tyto zkušenosti, uvádějí i techniku použití, včetně osvědčených postupů u růz-
ných typů poškození, jako přímé překrytí pulpy, vnitřní a vnější resorpce kořene, uzavření perforací kořene, per-
forace ve furkaci, u apexifikace a při jeho použití jako kořenové výplně. Autoři také demonstrují jeden případ
úspěšně ošetření perforace ve furkaci s použitím tohoto preparátu.

Klíčová slova: Mineral Trioxide Aggregate (MTA) – ošetření kořenového kanálku – perforace ve furkaci – via
falsa v kořenovém průduchu – přímé překrytí pulpy
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INTRODUCTION

The sophistication of endodontic techniques
and introduction of new dental materials are con-
tributing largely to the overall success of
endodontic treatment outcomes. Mineral trioxide
aggregate (MTA) is a relatively new material
which was introduced into dentistry as a root end
filling material. It has a lot of implications in
modern day dentistry. MTA was developed by
Dr. Mahmoud Torabinejad  at the Loma Linda
university in 1993 [22]. It has been used on an
experimental basis by endodontists since then
with anecdotally reported success, some of it
quite impressive. 

Materials such as zinc oxide-eugenol cement
and resin composite have been used in the past to
repair root defects, but their use resulted in the

formation of fibrous connective tissue adjacent to
the bone. Other commonly used materials such
as amalgam, glass-ionomer and calcium hydrox-
ide are also not ideal for special conditions and
requirements of root repair. Because it allows the
overgrowth of cementum and periodontal liga-
ment, MTA may be an ideal material for certain
endodontic procedures. MTA’s approval in 1998
by the U.S. Food and Drug Administration
should lead to more widespread use [16]. 

COMPOSITION AND
MANIPULATION

MTA is a cement mainly composed of : 
1. Tricalcium silicate
2. Dicalcium silicate
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3. Tricalcium aluminate
4. Tetracalcium aluminoferrite
5. Calcium sulfate 
6. Bismuth oxide [13]

MTA is identical to Portlands cement except
for the addition of bismuth oxide. Bismuth oxide
is believed to modify its setting properties and
also renders radio-opacity [13, 3].

MTA can be of two types-white and gray. The
basic difference between the two is that the gray
type contains more concentrations of metal
oxides like bismuth oxide, ferric oxide and alu-
minium oxide [3].

The material is mixed with sterile water or
saline or anesthetic solution to become a sandy
mixture. It can be carried with the help of a Dov-
gan carrier or a Messing gun. MTA is hydrophilic
and so requires moisture for setting. It has low
solubility and takes an average of  3-4 hours for
the material to completely solidify. Once solidi-
fied, it becomes very hard [13].

PROPERTIES

1. Compressive strength of MTA is equal to
that of other retro filling materials like interme-
diate restorative material (IRM) and ethoxy ben-
zoic acid (Super EBA), but less than that of amal-
gam [19].

2. MTA has an alkaline pH of 12.5 after 3
hours of setting which gradually decreases with
time [19].

3. Sets only in the presence of moisture [13].
4. Biocompatible to oral tissues [11].
5. Non-toxic and non-resorbable [13].
6. Promotes healing, induce cementogenesis

and bone deposition [5] and also enhances repar-
ative dentin formation [21].

7. Bacteriostatic [20].
8. Radio-opaque [19].
9. Marginal adaptation and sealing ability [4].

INDICATIONS

Because of its amazing properties MTA can
be used for a variety of cases. It is already
proven that MTA is beneficial for clinical

situations like:
1. Pulp capping
2. Internal and external root resorption
3. Lateral and strip perforations
4. Furcation perforation
5. Apexification
6. Root-end filling
7. Root canal filling [6, 4, 13]

1.  Pulp capping

Direct pulp capping is indicated for teeth with
immature apices [14] when the dental pulp is
exposed with no signs of irreversible pulpitis and
and also for teeth with mature apices when there
is an accidental or iatrogenic exposure of pulp.
Pulp capping with MTA results in higher inci-
dence and faster rate of reparative dentin forma-
tion, than with calcium hydroxide [21]. MTA also
provides a better seal against bacteria.

Technique: Achieve proper anesthesia. Isolate
with rubber dam. Then the exposed pulp and the
cavity should be irrigated with sodium hypochlo-
rite to control bleeding and to remove any
remaining debris. Mix MTA powder with sterile
water or saline and place the mixture in contact
with the exposure using a Dovgan carrier. Com-
press the mixture against the exposure site with
a moist cotton pellet. Remove the excess and place
a moist cotton pellet over the MTA and fill the rest
of the cavity with a temporary filling material.
After 4 hours see the patient again, place rubber
dam and remove temporary filling and cotton pel-
let. Assess the set of MTA and then restore the
tooth with amalgam or composite [22].

2.  Internal and external root resorptions

Internal root resorption:  Due to its ability to
induce cementogenesis, MTA can be used to treat
internal as well as external root resorptions. In
case of internal root resorption, the technique is
as follows:- perform root canal treatment (RCT)
in the usual manner. Once the cleaning and
shaping of canals are over, mix MTA with sterile
water or saline. Then fill the canal with the MTA
using an endodontic plugger or gutta percha
cone. Next, using a spreader, spread the cement
laterally to cover the defect and create a new
canal. Flood the canal with an epoxy resin
cement and obturate it with a single gutta percha
cone. The MTA will replace the resorbed tooth
structure, thereby providing structure and
strength to the tooth. 

External root resorption:  In this case, RCT is
completed first. Next raise a flap and remove the
defect on the root surface with a slow speed
round bur. Mix MTA with saline or sterile water
and apply it to root surface. Remove the excess
cement and condition the surface with tetracy-
cline. Then graft the bony defect with decalcified
freeze-dried bone allograft and a calcium sulfate
barrier [22]

3.  Lateral perforation and strip 
perforation

Perforationsof thepulp chamber wall and areas
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of root may occur during access opening of the
pulp chamber and during root canal instrumen-
tation. Root perforation repair has historically
been an unpredictable treatment modality with
a high rate of clinical failures. But some recent
developments helped in enhancing the prognosis
of both surgical and non-surgical procedures.
MTA is the most important of those.

Technique:  If a strip or a lateral perforation is
accidently caused during instrumentation, first
finish the cleaning and shaping of canal. Then
irrigate the canal thoroughly with sodium
hypochlorite and dry it with a paper point. The
perforation can be located with the paper point. If
the perforation is down at the mid to apical third,
mix MTA and fill the canal with it and then
spread it laterally with a spreader. The MTA will
seal off the perforation. Then flood the canal with
an epoxy resin cement and obturate with a single
gutta-percha cone. If the perforation is closer to
coronal third, first obturate the canal with gutta-
percha. Then remove the gutta-percha about 2-
3mm below the perforation using a piezo-reamer.
Now mix MTA and fill the rest of the canal with
a plugger [22].

Long term perforations with periodontal
inflammation can also be successfully treated
with MTA using a ‘modified matrix concept’. In
some cases of long term perforations, granulation
tissue may have grown into the perforation. To
displace this tissue and to allow the exact recon-
struction of the root surface, small pieces of colla-
gen are used. These serve as an external barrier
or matrix, when pushed through the perforation.
Using an application device, freshly mixed MTA
is layered against the collagen until the perfora-
tion is repaired. The collagen will be resorbed
and results in healing of periodontal ligament [2].

4.  Furcal perforation

Furcal perforation is an unfortunate incident
that can occur during root canal therapy or during
post-preparation of multi-rooted teeth. Due to bac-
terial leakage or lack of biocompatibility of repair
materials, the furcal perforation repair had a poor
prognosis. But with the introduction of MTA, fur-
cal perforation can be repaired adequately.

Technique:  In case of an iatrogenic furcal perfo-
ration, there are two ways to repair it. If you can
finish the RCT in one visit, then finish it first. Next
remove the excess gutta-percha from the chamber
and soak it for 5 min with sodium hypochlorite.
Now, mix MTA and fill the pulp chamber with it.
Using a moist cotton pellet plug the MTA down into
perforation site and then remove the excess. Place
a moist cotton pellet in the chamber to help with
the setting of MTA and restore the cavity with
a temporary cement. Then assess the setting of

MTA after 4 hours or in the next visit by removing
temporary restoration and cotton pellet. Next,
restore the cavity with amalgam or composite. If
RCT cannot be done in one visit, then first seal the
perforation with the MTA mixture. Remove the
excess, place a moist cotton pellet over the MTA
and restore the cavity with a temporary filling
material. Perform RCT in the next visit [22, 15].

5.  Apexification

Despite the demonstrated clinical success of
calcium hydroxide apexification, there are some
disadvantages of this technique. The apical clo-
sure is unpredictable, and the time necessary to
achieve the final result is variable and for adults
an acceptable result may never be achieved [10].
Also this requires multiple visits. MTA has been
suggested as an ideal material to promote the for-
mation of an apical barrier in a one-visit proce-
dure [23]. The importance of this approach lies in
the expedient cleaning and shaping of the root
canal system, followed by its apical seal with
a material that favours regeneration [18].

Technique: Isolate the tooth using rubber dam,
prepare an adequate access cavity and cleanse
the root canal system with copious irrigation
using sodium hypochlorite. The canals require
only minimum shaping. Mix the MTA powder
and carry it to the apical area with the pre-fitted
Dovgan carrier. It should be positioned exactly at
the foramen. The thickness of the apical plug
should be 3-4mm. Ultrasonic condensation (i.e.,
touching the plugger with an ultrasonic tip while
slightly condensing the MTA) is recommented to
avoid voids. Take a radiograph. If it looks appro-
priate, place a wet paper point in the canal in
contact with MTA and then close the access cavi-
ty with a temporary cement. At the next visit
assess the hardness of the apical plug. Then root
canal therapy is completed [7, 12,16, 18].

6.  Root end filling

MTA was introduced as a root end filling mate-
rial. MTA provides a better seal than formerly
used materials such as amalgam and super-EBA.
Because of its superior properties and also its
beneficial effects  on pulpal and periodontal
regeneration, it appears to be a suitable material
which tightly seals the dental hard tissues from
the periodontium [8]. Studies have shown that
4mm thickness of MTA is adequate for a good api-
cal seal [9]. MTA stimulates periradicular tissue
repair at the root-end situation [5].

7.  Root canal filling

MTA can be used as a root canal filling materi-
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al. But as it is very expensive, it is not widely
used. MTA will enhance the prognosis if used as
a root canal filling material in certain clinical
cases like thin horizontal fracture of root [17].

A CASE REPORT

A 53 year old male patient was referred to our
endodontic department for evaluation of a tooth
undergoing root canal treatment. Upon clinical
and radiographical examination, a perforation of
size 1mm2 was revealed in the disto-lingual
aspect of the floor of the pulp chamber in the fur-
cation area in relation to tooth 36. Decision was
taken to rehabilitate the tooth by conventional
endodontic treatment and sealing of the perfora-
tion with MTA (Pro-Root MTA, Tulsa-Dentsply,
Switzerland). One month post-operative recall
demonstrated no adverse symptoms to the thera-
py (fig.1–fig. 6).

Fig. 1. Radiograph shows the presence of a per-
foration in the floor of the pulp chamber in the 
furcation area of tooth 36.

Fig. 2. Photograph shows the approximate size
and the location of the perforation.

Fig. 3. After completing the obturation of the
root canals, the perforation site is prepared for
the placement of MTA.

Fig. 4. Pro-Root MTA (Tulsa Dentsply, Switzer-
land) used for the treatment.

Fig. 5. MTA placed on the floor of the pulp cham-
ber and plugged down to the perforation site.
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CONCLUSION

Mineral trioxide aggregate (MTA) is a recently
developed material, which is used in modern-day
dentistry for various clinical procedures, particu-
larly in endodontics. In addition to being used as
a root-end filling material, iatrogenic defects
such as furcal, strip and apical perforations can
be consistently repaired with MTA. Because of
the simplicity in its application and the consis-
tent success rate, MTA promises to be one of the
most beneficial dental rehabilitative materials of
this century. Nevertheless, more long-term fol-
low-up studies in humans are necessary to con-
firm these conclusions.
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Fig. 6. Post-treatment radiograph confirming ra-
dio-opaque MTA covering the perforation site.
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