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ABSTRACT

Mineral trioxide aggregate (MTA) has gained great popularity as a dental material in the recent past. Compared
to its predecessors, this is a stable material that maintains a long-term alkaline environment, facilitating the
healing and repair of dental hard tissues and bone. MTA has a better track record compared to recently
introduced substitutes. This case series details the management of various endodontic complications using MTA.
The cases discussed were treated with MTA following one month of calcium hydroxide dressing; thus, the
endodontic treatment was completed within a short time. Follow-ups ranging up to two years revealed that

patients were asymptomatic. MTA spares a significant amount of time and surgical procedures for the patient.
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1 INTRODUCTION

Mineral trioxide aggregate (MTA) is a
bioactive material that has gained popularity in
dentistry (Milani et al. 2014, Roberts et al.
2008). It has fewer complications and induces
natural healing with the least reactions in
biological tissues. It stimulates repair through
its ability to stimulate cell proliferation and cell
migration, with subsequent differentiation
(Torabinejad et al 2005). Treatment in one or
two appointments using MTA avoids long-term
use of calcium hydroxide dressings, which may
desiccate and weaken the already thin dentine

(Chandler 2010).

The cases described below are endodontic
challenges such as open apices, refractive
infection, posterior teeth with long-standing
infections, root fractures, and perforations.
Though the full complement of treatment was
carried out within a short period, patients were
reviewed long-term (two years), which
confirmed the good clinical and radiological

outcomes of the treatment.

This case series details the endodontic
management with MTA at the Restorative
Dentistry Specialist Clinic in Colombo South
Teaching Hospital (CSTH), Sri Lanka.

Case 1

A 52-year-old female presented, complaining
of a blister in relation to the buccal side of her
right-side posterior tooth. History revealed a
porcelain-fused-to-metal  cantilever bridge
placed by a general dental practitioner a few

years back, incorporating the complaining tooth
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as the abutment. Her medical history was not

significant.

Examination revealed missing 16, 18, and 38.
A porcelain-fused-to-metal-bridge replacing
the missing 15 was cantilevered to 14. The
bridge was in place with reasonable aesthetics.
There was a discharging sinus in relation to 14.
Teeth 12, 13, and 17 gave positive results for
sensibility testing. A periapical radiograph of
14 showed a periapical radiolucency (Figure
la) with evidence of previous root canal

treatment of 14.

It was diagnosed as a discharging sinus in
relation to non-vital 14, i.e., a chronic periapical
14, which was the
The
following treatment plan was finalized after

abscess in non-vital

abutment of the cantilever bridge.

discussion with the patient:

1. Root canal treatment of 14 with initial
calcium hydroxide dressing
2. MTA

subsequent complications

apical plug to minimize

3. Obturation of the remaining root canal
with gutta-percha

4. Porcelain-fused-to-metal (PFM) crown
for 14

5. Review

Since access to the root canal treatment for 14
was challenging, the existing cantilever bridge
was removed after informed written consent
After the

preparation in 14, calcium hydroxide dressing

was obtained. access cavity

was applied after thorough chemo-mechanical
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debridement of both root canals up to the
measured working length.

The patient was reviewed after two weeks and
was eased without much pain and discomfort.
However, there was still mild tenderness over
the apex of 14. Hence, the calcium hydroxide
dressing was left in place for a further two
weeks. A provisional crown for 14 and a
denture for 15 to maintain occlusion and
aesthetics until the root canal treatment was

completed.

At the one-month review, the patient was
asymptomatic, thus, it was decided to complete
the endodontic treatment with an MTA apical
plug of 3-5 mm. Calcium hydroxide was
completely removed using copious manual
irrigation with sodium hypochlorite combined
with  hand
EndoActivator from the root canals. MTA

instrumentation and  an
powder (Bio MTA, Cerkamed, Poland) was
with by the
manufacturer. MTA was carried into the root

mixed liquid supplied
canals with an MTA carrier and condensed at
the apical third using a Buchanan hand plugger,

which was marked 3 mm short of the working

length using a rubber stopper. Once the
required length of MTA was achieved in the
root canals, moist cotton was placed, and access
was sealed with a temporary restorative

material.

The
showed a satisfactory MTA apical plug (Figure
1b). After three days, the MTA was assumed to

post-operative  periapical radiograph

be fully set, and the patient was recalled for the
obturation of the remaining part of the root
canal with cold lateral condensation technique,
which involves the use of a master gutta-percha
(GP) point with an ample amount of sealer in
the remaining root canal, adding accessory GP
points that are compacted together with the use
of a spreader. The post-operative periapical
radiograph showed satisfactory root canal
obturation (Figure 1c).

Since the patient was free of symptoms for one
month; definitive prosthetic treatment was
initiated. The patient is being periodically
reviewed clinically and radiographically.
Clinically the patient reported the absence of
pain, and examination revealed no pain on

percussion.

a
Figure 1. Pre-operative radiograph of 14 (a), after placement of MTA apical plug (b), post-operative

c

radiograph following obturation of 14 (c)
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Case 2

A 13-year-old boy presented, complaining of
pain and swelling in relation to the upper
anterior region. History revealed a traumatic
injury to upper anterior teeth three years ago
following an accidental fall. Tooth 11 had been
mobile after the injury and had been splinted by
a general dental practitioner. The patient had

not continued with trauma follow-up.

His past medical history was non-contributory.
He was ill-looking, with swelling of the upper
lip involving the upper labial compartment.
Intraorally, he had an intact dentition except for
third molars, with satisfactory oral hygiene.
Tooth 11 was discolored and exhibited severe

tenderness to percussion.

Sensibility testing gave positive results for 13,
12, 13, 21, and 22, while 11 gave a negative
response to both the electric pulp tester and
heated gutta-percha. A periapical radiograph of
the 11 region showed a large peri-apical
radiolucency in relation to 11, which was an

open apex (Figure 2 a).

Based on clinical and radiographic findings, it
was diagnosed as an acute apical abscess
involving the upper labial compartment due to
non-vital 11 associated with a large apical
lesion. After discussing with the patient and
parents, the following care plan was

formulated.

1. Endodontic treatment of 11 with a short-
term dressing of calcium hydroxide

2. Apical plug of MTA to achieve
apexification

3. Obturation of the rest of the root canal
with gutta-percha

4. Non-vital bleaching of 11

5. Review

After obtaining the written informed consent,
the root canal treatment of 11 was dressed with
calcium hydroxide for one month. As the
patient was free of symptoms at the one-
month’s recall visit, it was decided to continue
with the rest of the treatment plan. Calcium
hydroxide was removed from the root canal of
11, and the root canal length was re-measured.
MTA was placed up to the measured working
length (21 mm), achieving a 3-5 mm thickness
of MTA at the apical third. The post-operative
radiograph  showed  satisfactory @ MTA
placement at the apex (Figure 2 b). After 72
hours, the patient was recalled, and the rest of
the root canal was obturated with gutta-percha
using the cold lateral condensation technique
(Figure 2c). After close monitoring of the
patient for six months, a non-vital bleaching of
11 was performed. The patient is still being

followed up in the clinic.

b
Figure 2. Pre-operative radiogra%h of 11 (a), after placement of MTA at the apex (b),cobturation of 11 with gutta
percha (c)
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Case 3
An
presented with pain on biting in relation to a

otherwise healthy 45-year-old male
lower right posterior tooth. History revealed a
previous root canal treatment performed two

months ago.

On intraoral examination, all teeth were present
except for 47 and 48. 46 had a light-cured
composite restoration and was tender to
percussion. The periapical radiograph showed
over-extended obturation with a lateral
perforation in one of the mesial canals, an
instrument separation in the apical third, and an
overhanging restoration on the distal side of the
restoration (Figure 3a). Root canal obturation in
all other canals was satisfactory. The periapical
radiograph (Figure 3a), taken with the tube
mesially shifted, showed that the perforation
and the file separation were in the mesiolingual
canal. (Ingle’s MBD rule, “Shoot from the
mesial and the buccal root will be distal”, was

applied).

Based on the history, examination, and
investigation findings, it was diagnosed as
localized peri-apical periodontitis due to lateral
perforation in 46. It was decided to perform re-
root canal treatment with initial calcium
hydroxide dressing, followed by obturation of
canals with gutta-percha after repairing the

perforation with MTA.

Informed written consent was taken. Gutta-
percha in all four canals was removed using
Hedstrom files. The separated file in the apical
third of the mesiolingual canal could not be

retrieved. Calcium hydroxide dressing was
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placed in 46, and the patient was recalled in two
weeks. As the patient was out of symptoms, it
was decided to proceed with the root canal
obturation.

The working length was measured with an apex
locator and confirmed with a radiograph. In the
mesiolingual canal, the working length was
recorded as 16 mm up to the perforation. After
thorough  chemo-mechanical  debridement,
MTA was placed up to the perforation in the
mesiolingual canal using an MTA carrier. It
was condensed in place using a Buchanan
plugger. Then, the remaining part of the root
canal and other canals were obturated with
gutta-percha (Figure 3b). The post-operative
radiograph showed satisfactory obturation and

perforation repair. The access was then sealed

with a light-cured composite restoration.

Figure 3. Periapical radiograph of 46 (a),
radiograph of 46 after MTA placement and
obturation (b)

The second molar tooth missing in the same
guadrant was not replaced, adapting to the
Shortened Dental Arch (SDA) concept, as the
remaining dentition was intact. A subsequent
appointment was arranged to correct the
overhanging restoration on the tooth. The

patient is asymptomatic and recently completed
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the six-month recall appointment. Figure 3:
Periapical radiograph of 46 (a), radiograph of
46 after MTA placement and obturation (b).

Case 4

A 20-year-old female was referred to the
Restorative Dentistry Unit from the Outpatient
Department for the management of pain from
biting from 36. History revealed a previous root
canal treatment and restoration performed three
years ago. Her past medical history was not

significant.

She had an intact permanent dentition except
for third molars. 36 had a heavy, light-cured
composite restoration with mild tenderness to
percussion. A periapical radiograph showed a
metal post perforating the floor of the pulp
chamber (Figure 4a). Furcation radiolucency
was present, and root canal obturation was

reasonably acceptable.

Based on the history, examination, and
investigation findings, it was diagnosed as
furcation perforation due to a metal post in 36.
The patient was informed about the guarded
prognosis of the tooth, and it was decided to
remove the metal post, repair the perforation
with MTA, and then build up the tooth with
light-cured composite. Informed written
consent was taken. The existing composite
restoration in 36 was carefully removed without
damaging the head of the metal post. Once the
metal post was relieved from the restoration,
the post was removed using a post remover
(Gold Plated Screw Posts®, Swe Dent). The
pulp chamber floor was thoroughly excavated

and irrigated with sodium hypochlorite. After
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achieving hemostasis at the perforation site, the
area was dried, and a 1.5-2 mm thickness of
MTA was applied over the perforated floor
(Figure 4b). Moist cotton was placed, and a
temporary restoration was applied to seal the
cavity. Three days later, the patient was
recalled, and the cavity was built up with a
light-cured composite restoration. The patient
was asymptomatic at the six-month recall

appointment.

a b
Figure 4. Pre-operative radiograph of 36 (a),

post-operative radiograph of 36 after repair of

the perforation (b)

Case 5

An 8-year-old boy presented with a fractured
upper front tooth following a sports injury the
previous evening. His past medical history was
not significant. Extra oral examination revealed

that there were no wounds or lacerations.

He had a mixed dentition with satisfactory oral
hygiene. 21 was split obliquely, involving the
pulp, and the mesial fragment was mobile. The
fracture line extended sub-gingivally. Adjacent

teeth were clinically stable.

Teeth 11, 21, 22, 31, and 41 gave positive
responses to the electric pulp tester and heated
gutta-percha. A periapical radiograph of 21
showed an oblique crown-root fracture across
the pulp (Figure 5a). Both 11 and 21 had

immature roots with wide open apices.
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Based on the history, clinical examination, and
investigation findings, it was diagnosed as a
complicated crown root fracture of 21. The
patient and parents were informed about the
guarded prognosis of the tooth, and the

following treatment plan was designed:

1. Removal of the mobile fragment of 21.

2. Radicular pulpotomy with MTA to
achieve apexogenesis.

3. Light-cured composite restoration of 21.

4, Review.

Informed written consent was taken, and the
mobile mesial fragment was removed under
local anesthesia. The fracture line was just
apical to the alveolar crest. Hemostasis was
obtained, and the pulp was removed 2-3 mm
below the fracture line until no copious
bleeding was observed from the radicular pulp.
The split rubber dam technique was used for
isolation. The exposed pulp was irrigated with
saline. A mixed 1.5-2 mm thickness of MTA
was applied over the exposed healthy pulp, and
the cavity was restored with glass ionomer
cement. A periapical radiograph showed
satisfactory radicular pulpotomy (Figure 5b).
The patient was recalled in a week, and the
tooth was restored with light-cured composite.

The patient is still being reviewed in the clinic.

sk ¥
it &

a

Figure 5. Pre-operative radiograph of 21 (a),

following radicular pulpotomy with MTA (b)
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DISCUSSION

MTA was developed from commercial Portland
cement with the addition of bismuth oxide
powder for dental purposes. It is composed of
tricalcium silicate, tricalcium aluminate,
tricalcium oxide, and silicate oxide. Bismuth
oxide is added as a radiopacifier (Lee et al.
1993). It has been widely used in endodontics
for various treatments, such as direct pulp
capping, retrograde filling, apexification (root-
end induction), perforation repair, and treating
internal root resorption. Moreover, it has
several advantages, including biocompatibility,
bacteriostatic activity, good sealing ability, and
the ability to set in the presence of moisture

(Roberts et al. 2008, Petta et al. 2020).

MTA, when placed in direct contact with
human substances, releases calcium ions for
cell proliferation and creates an antibacterial
environment with its alkaline pH, regulating
cytokine productio (Cervino et al. 2020). In the
apexification of necrotic immature teeth, MTA
is used as part of a two-step apical barrier
(Milani et al. 2014, Roberts et al. 2008). MTA
used for a height of 3-5 mm provides an
excellent seal, which improves with time
(Martin et al. 2007). The reason for time-related
improvement is the deposition of apatite
(Martin et al. 2007). It is also emphasized that
there is no advantage in filling the whole root
canal with MTA, as no additional strength is

gained by this means.

Pulp therapy is performed to maintain the
vitality of the remaining pulp tissue. The main

advantage is that the pulp’s continuous



Palipana P.D. and Gamage I.P.S.

physiological activities enable secondary
dentine formation to be not affected. It also
facilitates continuous root formation in all
dimensions. By doing so the root walls become
thicker, healthier, and resistant to fracture. It
has also been used with success in direct
capping and apexifications instead of calcium
hydroxide, leading to quicker therapies and
more predictable outcomes (Casella and Ferlito
2006). MTA produces better dentine healing
than calcium hydroxide (Bonte et al., 2015).
Leye Benoist et al. discovered that MTA has a
higher success rate than calcium hydroxide
(Leye Benoist et al. 2012). MTA provides a
statistically significant success rate compared
to calcium hydroxide (Dycal®) after three
months when used as a direct pulp capping
material (Leye Benoist et al. 2012). Research
on pulpotomy reveals that MTA groups had a
100% success rate at 24 months, as opposed to

89.4% with Biodentine (Celik et al. 2019).

Root canal therapy (RCT) is performed to
maintain and restore the function of a tooth as a
healthy component of the dentition without
pathology. As in all other treatment protocols,
this treatment is not free of complications.
Common reasons for failure include aberrant
anatomy, ongoing infections, and iatrogenic
reasons. RCT involves cleaning, shaping,
decontamination, and ultimate obturation of the
root canals (Li et al. 2021). When there are
complications, the common option is to
perform surgical endodontics, which comprises
a surgical procedure involving apicectomy and
a retrograde restoration that seals the root canal

from the root apex (Li et al. 2021). The inherent
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hassles of surgical treatment are embraced in
this procedure. MTA was originally used as a
retrograde filling after apicectomy, and sonic
vibration improves the sealing ability (Bernabé
et al. 2013).

As a root-end material in dentistry, MTA is
biocompatible, radiopaque, and fast-hardening.
The set material is resistant to infiltration and
offers excellent sealing capacities compared to
contemporary materials such as amalgam, glass
ionomer cement, Super-EBA, and IRM (Bonte
etal., 2015).

Having a good apical seal by ortho-grade route
means that, with MTA, through the root canal
access cavity prevents any surgical procedure.
It also has the advantage of maintaining a long-
term alkaline environment inducing healing. In
the worst scenario even if the surgical

endodontics is planned, cumbersome and
unreliable retrograde restoration is prevented.
Just the contouring of the apex is adequate, as
MTA is already placed in the canal for a length

of 3-4 mm.

MTA has some known drawbacks, such as
lengthy setting time, high cost, and potential for
discoloration (Parirokh & Torabinejad 2010).
MTA prices have significantly decreased in
recent years. Discoloration is yet another
known disadvantage. The discoloration is often
disregarded, weighing the advantages of its use
in teeth with compromised tooth material as in
pulpotomy. These teeth with the least amount
of tooth substance will ultimately need crowns

thus the discoloration would not be a concern.


https://pubmed.ncbi.nlm.nih.gov/?term=Torabinejad+M&cauthor_id=20171353
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The results confirm that MTA without matrix
provides an effective seal for root perforations
the
surrounding periodontal tissue (Pace et al.,
2008, Hosoya et al., 2019). It has been
successfully used in lateral perforations (Lee et
al., 1993).

and promotes clinical healing of

CONCLUSION

The case series proves the clinical success of

MTA in managing different endodontic
complications.  Careful case selection,
evidence-based application, and skillful

placement of MTA are mandatory in achieving

the goals.
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