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Abstract

Mineral trioxide aggregate (MTA) has emerged as a reli-
able bioactive material with extended applications in
endodontics that include the obturation of the root canal
space. This article examines the literature supporting
MTA as a canal filling material, suggests methods for
its delivery and placement, and presents clinical cases
that demonstrate its effectiveness in resolving apical
periodontitis under a variety of circumstances. Case
reports are presented documenting clinical outcomes
after the application of MTA that include retreatment,
obturation combined with root-end resection, apexifi-
cation, internal resorption, dens in dente, and in con-
ventional endodontic therapy. The review introduces
clinicians to an alternative treatment strategy that might
improve the healing outcomes for patients presenting
with complex and challenging endodontic conditions.
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he obturation of the prepared radicular space has been achieved by using a wide

variety of materials selected for their intrinsic properties and handling characteris-
tics. These core materials have been classified as cements, pastes, plastics, or solids (1).
Gutta-percha, in its various forms, has remained the paragon as a root canal filling mate-
rial during the course of the last century. The development of core materials and delivery
techniques has generated carrier-based gutta-percha and resin-based systems. These
filling materials are combined with sealers to provide an adequate obturation of the
root canal space that ideally prevents the emergence of endodontic disease and encour-
ages periapical healing when pathosis is present (2). This process can only succeed if
the sealed root canal space prevents further ingress of bacteria, entombs remaining
microorganisms, and prevents their survival by obstructing the nutrient supply (3).

The materials that can be used to fill the root canal space should exhibit certain
characteristics that allow for predictable placement and prevent and resolve endodontic
disease (1). For endodontic filling and sealing materials to fulfill these ideal require-
ments, they should be bacteriostatic, seal apically and laterally, be nonirritating to peri-
apical tissues, resist moisture, and provide radiopacity. Furthermore, the material
should be sterile, nonshrinking, nonstaining, and easily placed and removed from
the root canal system. On the basis of recent advances in endodontic materials,
some of these criteria might require considerable reexamination.

Because the obturation of the root canal system demands a material that actually
provides a reliable and impervious hermetic seal, it might be a contradiction that the
material should be easy to remove. Because restorative procedures that include core
buildups and cuspal coverage restorations can be subject to restorative microleakage,
it might be necessary to obturate the canal space with materials that demonstrate
a greater resistance to leakage as an impediment against oral pathogens. Furthermore,
if an obturation material can offer additional properties that decrease bacterial survival
and promote bioactive mechanisms necessary for regeneration and healing, then some
ideal requirements of the filling material might be viewed as less important when the
distinct advantages are considered.

The development of alternative obturation materials can be attributed to multiple
studies demonstrating that gutta-percha is highly susceptible to microleakage when
a sealed coronal restoration is not provided. When gutta-percha canal obturations
are tested in vitro by using dye penetration, fluid filtration, or bacterial leakage models,
they show vulnerability. Bacterial challenges to exposed gutta-percha with sealer in
various in vitro experimental models have shown leakage along the material within
3-30 days (4-7). Research indicates that no known method with various techniques
of cold or warm compaction of gutta-percha can predictably produce a coronal bacte-
rial-tight seal when the material is exposed to microorganisms and their by-products
(8-10). Although gutta-percha presents important advantages in ease of use, handling
properties, and biocompatibility, it exhibits inherent weaknesses that make it less than
ideal. The ideal material for root canal obturation has yet to be developed.

Coronal microleakage has been identified as a major cause of persistent perira-
dicular disease and failure in orthograde endodontic therapy (11-13). Furthermore,
all contemporary provisional materials placed over gutta-percha in obturated teeth have
limited effectiveness in protecting the material from microbial contamination for
extended periods (14-16). The susceptibility of gutta-percha to contamination and mi-
croleakage has led to the recommendation that sealed coronal core materials be placed
directly after the completion of orthograde root canal treatment when using gutta-per-
cha (17). A current trend in endodontic research is to explore various alternatives to
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gutta-percha to identify suitable filling materials that can provide greater
resistance against coronal and apical microleakage and thus protection
from bacterial contamination.

Mineral trioxide aggregate (MTA) might have a profound advan-
tage when used as canal obturation material because of its superior
physiochemical and bioactive properties. The original material (Pro-
Root MTA; Dentsply Tulsa Dental, Tulsa, OK) was introduced to seal
pathways of communication from the external surface of the tooth in
perforation repair and as a root-end filling material in endodontic
surgery (18). When early scientific observations and clinical outcomes
demonstrated favorable biologic responses to the material, other uses
for MTA were explored and investigated. MTA was found to be effective
as a pulp capping and pulpotomy agent for the repair of internal and
external resorptive defects and was also shown to promote root-end
induction in teeth with immature apices (apexogenesis) (19, 20).

This recently introduced tricalcium silicate cement exhibits many
important properties not available in other contemporary materials
currently used in endodontics. In conjunction with being sterile, radi-
opaque, and nonshrinking, the material is not sensitive to moisture and
blood contamination. MTA also provides an effective seal against dentin
and cementum and promotes biologic repair and regeneration of the
periodontal ligament (PDL) (21-26). Because perforation repair,
root-end induction, and root-end filling are essentially forms of partial
canal obturation, the orthograde filling of the apical region or the entire
root canal system with MTA is the next logical progression in the evolu-
tionary application of this material. The use of MTA as an obturation
material might ultimately provide long-term benefits that enhance the
prognosis and retention of the natural dentition in conventional and
complex therapies.

Physiochemical Properties

MTA exhibits unique physiochemical properties that can provide
exceptional outcomes when used for complete or partial canal obtura-
tion. Both gray and white MTA can be used for this procedure, despite
the fact that the materials vary slightly in composition and characteris-
tics (27). Some of these characteristic properties can be first observed
during the hydration process, when calcium silicates react to form
calcium hydroxide and calcium silicate hydrate gel, producing an alka-
line pH (28). A further reaction forms a high-sulfate calcium sulfoalu-
minate during the reaction with tricalcium aluminate and calcium
phosphate (29). The release of calcium from setting MTA diffuses
through dentinal tubules, and the concentration of the calcium ions
increases with time as the material cures (30). It appears that the
biocompatibility of the cement might be attributable to the release of
hydroxyl ions and formation of calcium hydroxide during the hydration
process (31).

When mixed MTA is compacted against dentin, 2 dentin-MTA inter-
facial layer forms in the presence of phosphates (32). This adherent
interstitial layer resembles hydroxyapatite in composition and structure
when examined under x-ray diffraction and scanning electron micros-
copy (SEM) analysis; however, the calcium to phosphorus ratio varies
slightly from that reported in actual hydroxyapatite (33). This interface
between dentin and MTA has demonstrated superior marginal adapta-
tion compared with amalgam, intermediate restorative material, or
Super-EBA under SEM in resin models (34). Moreover, the particle
size and dimensional shape of MTA can occlude and penetrate dentinal
tubules that might harbor microorganisms after cleaning and shaping
(35).

MTA not only fulfills the ideal requirement of being bacteriostatic,
but it might have potential bactericidal properties. The release of
hydroxyl ions, a sustained high pH for extended periods (36), and
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the formation of a mineralized interstitial layer might provide a chal-
lenging environment for bacterial survival (37). These antibacterial
properties can be a potent inhibitor of bacterial growth against species
such as Entercoccocus faecalis (38), a microorganism prevalent in
root canal failures (39—42). Moreover, Candida albicans, commonly
present in refractory endodontic disease (43), is susceptible to the anti-
fungal activity of freshly mixed MTA (44—46).

The cured cement creates a potentially impervious seal that might
be difficult for microorganisms to penetrate. This unique sealing prop-
erty, combined with an initially high pH that increases to 12.5 after
curing, might provide a suitable mechanism for bacterial entombment,
neutralization, and inhibition within the canal system. These factors are
important when considering nonsurgical treatments for patients with
large periapical lesions associated with initial root canal treatment or
in cases presenting with refractory endodontic disease diagnosed for
retreatment. Orthograde retreatments with MTA might provide compa-
rable or superior healing rates and less morbidity when contrasted
against conventional retreatment paired with surgical endodontics
(47, 48).

Case #1: MTA Ohturation

A 34-year-old male patient presented to a private endodontic office
for evaluation of tooth #30, which had received nonsurgical endodontic
treatment 18 months before and was restored with a porcelain fused to
metal (PFM) crown (Fig. 14). The presenting symptoms included
swelling in the buccal vestibule and pain overnight. His medical health
history was unremarkable, and radiographic examination revealed
a poor quality obturation of the distal canal, extrusion of gutta-percha
associated with both apices, absence of a discernible core material, and
extensive periapical and furcation bone loss. Clinical examination dis-
closed fluctuant swelling in the vestibule proximal to the molar, grade 1
mobility, and pain on percussion. The clinical diagnosis was acute peri-
apical abscess, and the patient elected retreatment with MTA obturation
after discussion of treatment options. Written consent was obtained.

After anesthesia and rubber dam isolation, the molar was accessed
through the crown, and inspection affirmed that no restorative core
material was present. After the remaining Cavit (3M ESPE, St Paul,
MN) and cotton pellet were removed, 3 canals were located. The
previous obturating materials were removed with Gates-Glidden drills
and barbed broaches without chloroform irrigation. The canals were
chemomechanically debrided with Profile .04 Taper (Dentsply Tulsa
Dental) sizes 20—60 to a master apical file (MAF) size 40 in conjunction
with 5.25% sodium hypochlorite (NaOCl) irrigation. The canals were
flushed with sterile water and dried with paper points, and the canals
were filled with vertically compacted gray MTA by using a size 30 stain-
less steel K-file and 1/3 and 5/7 endodontic pluggers (Fig. 1B). After
provisionalization, the patient received incision and drainage at the
site and was given analgesics and antimicrobial therapy. He returned
for follow-up 30 days after a bonded core was placed by the general
dentist (Fig. 1C) and at 4 years, with healing evident radiographically
(Fig. 1D). Clinical examination revealed normal mobility, probings,
and normal function without symptoms.

This case illustrates the concept of MTA obturation of the entire
canal system. In particular, previously endodontically treated teeth
that have been subjected to long-term microleakage and bacterial
contamination can show improved healing rates without surgical inter-
vention by using MTA obturation, when compared with gutta-percha re-
obturated teeth under the same clinical conditions.

Recent research has demonstrated that root canal treated teeth ob-
turated with MTA exhibit higher fracture resistance than their untreated
counterparts (49). Furthermore, it appears that long-term placement of
MTA in the canal system not only provides increased resistance to
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Figure 1. (4) Pre-operative radiograph of a previously treated mandibular right first molar with extensive periradicular and furcation bone loss in a 34-year-old
male patient. (B) Retreatment of all canals obturated from apex to pulpal floor with vertically compacted gray MTA. (C) 30-day post-operative radiograph with
composite core. (D) Four-year radiographic recall of molar without surgical intervention.

fracture, but the strength of the tooth might increase with time. Recent
research on immature tooth models that were obturated with MTA and
tested for fracture strength by using an Instron (Norwood, MA) testing
machine indicated that at 1 year, MTA showed higher fracture resistance
than untreated controls (50, 51). These researchers postulated that
MTA might prevent the destruction of collagen by inducing the expres-
sion of a tissue inhibitor of metalloproteinase-2 in the dentin matrix.

One investigation has shown that long-term calcium hydroxide use
decreases the fracture resistance of teeth in immature tooth models
(52). Conversely, teeth experimentally filled with calcium hydroxide
for 30 days and reobturated with MTA showed no significant decrease
in strength of the roots during a 100-day observation period (53). This
result might indicate that the combination of calcium hydroxide therapy
followed by the obturation of teeth with MTA and combined with
a composite core might increase the long-term prognosis for teeth
with open apices and necrotic pulps (54-56).

Bioactivity

MTA is a bioactive silicate cement that is nonirritating to periapical
tissues and also induces the regeneration of cementum and the PDL
(57-59). The cement is an osteoinductive and cementogenic agent that
stimulates immune cells to release lymphokines required for the repair
and regeneration of cementum and stimulates bone coupling factors
necessary for the bioremineralization and healing of osseous periapical
defects (60). Human osteoblasts show adhesion to the material, indicating
favorable biologic responses and biocompatibility (61). The surface
topography of cured MTA might provide 2 mechanism that modulates
the osteoblastic phenotype (62). MTA provokes interleukin (IL) produc-
tion in human osteoblasts that can exhibit raised levels of IL-1alpha, IL-
1beta, IL-6, and macrophage—colony-stimulating factor (63—66).

MTA can stimulate hard tissue deposition when used as a root-end
filling material (67). When the cement was experimentally placed as
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aroot-end filling in dogs or nonhuman primates, the histologic regen-
eration of the periodontal architecture was a frequent finding (68, 69).
Several studies have shown that MTA placed as a root-end filling mate-
rial promotes the regeneration of the PDL through a complex process of
biologic repair (59, 70). In an investigation in which MTA was used as
a filling material in a canine model and compared against a glass ion-
omer sealer, MTA induced the closure of the main canals by new
cementum deposition in all samples (71). Histologic sections revealed
biologic closure by the synthesis of new cementum and the regeneration
of the PDL in the absence of inflammation. Furthermore, closure by
deposition of cementum at the foramina of accessory canals was also
a common finding in this study. Similar histologic findings were
observed at 180 days in canine models in which MTA perforation
repairs were characterized by cementum formation and regeneration
of an attached PDL (71, 72).

In an investigation in which extracted teeth were obturated with
MTA and reimplanted in nonhuman primates, histologic analysis of
teeth after 180 days showed that half of the specimens exhibited newly
formed cementum over surface resorptions (73). Also detected were
the biologic sealing and repair of apical lateral canals by cementum
deposition. The mechanism for this remarkable reformation might
be attributed to the diffusion of calcium ions through dentinal tubules
to the root surface that can inhibit bacterial colonization and survival
(74). In studies in which set white MTA and gray MTA have been
analyzed for cellular metabolic activity, both materials have the poten-
tial to induce PDL cell attachment. MTA might stimulate PDL fibroblasts
to display the osteogenic phenotype and promote the production of
osteonectin, osteopontin, and osteonidogen and increase alkaline
phosphatase levels (75, 76). It appears that when MTA is used for
obturation purposes, it can induce biologic repair mechanisms
more consistently than other traditional canal filling materials such
as gutta-percha.
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Sealing Properties of Compacted MTA

The sealing ability of MTA has been shown to be superior to other
conventional materials currently used in endodontics (22, 24). A study
that compared 3- to 5-mm MTA plugs against complete orthograde MTA
obturation of root canals tested with a fluid filtration device revealed no
significant difference in sealing ability after 4 weeks (77). The study
proposed that the interaction of MTA with phosphate-buffered saline
can promote apatite deposition that improves the seal of MTA over
time. MTA has also been shown to resist leakage at a higher rate
when placed in a moist environment (78). Another investigation sug-
gested that 24-hour set gray MTA demonstrates significantly less leakage
than white MTA after leakage analysis and that a 5-mm apical barrier of
gray MTA by using a 2-step technique (allowing 24 hours for the MTA to
set) provided the best apical barrier (79).

Evidence supports the ability of MTA to provide a reliable bacteria-
resistant barrier when used as a retrofilling material. A recent study
demonstrated that a 5-mm apical plug of MTA completely resisted
microbial leakage when challenged in a model with Actinomyces vis-
cosus during a 70-day test period (80). However, in another study, MTA
placed without ultrasonic energy and challenged with a bacterial
leakage model showed 100% leakage at the end of a 70-day test period
(81). Another investigation demonstrated that MTA that is placed by
using ultrasonic energy resists bacterial leakage against E. faecalis, En-
terobacter aerogenes, and Staphylococcus epidermidis better than
MTA compacted with only hand condensation (82). Moreover, 4 mm
of ultrasonically placed MTA followed by a flowable self-cured intraca-
nal composite demonstrated a significantly higher resistance to fracture
than an MTA plug backfilled with gutta-percha and sealer. On the other
hand, one study revealed that hand condensation of gray MTA can show
denser compaction of the material than when augmented with ultra-
sonic energy in straight canals (83). It is clear that MTA resists bacterial
leakage to a higher degree than gutta-percha and sealer when used as an
obturation material. These findings also demonstrate that the placement
of MTA is technique-sensitive, and protocols for proper obturation and
condensation must be observed.

Gray MTA appears to be a better sealing agent than white MTA. A
recent investigation examined the sealing ability of gray MTA, white
MTA, and vertically compacted gutta-percha and sealer against the chal-
lenge of human saliva (84). After 42 days, gray MTA showed leakage in
9.1% of samples, white MTA leaked in 36.4% of samples, and all
samples of vertically condensed gutta-percha and Kerr Pulp Canal
Sealer EWT (Kerr Corp, Orange, CA) leaked after 19 days. MTA
produces an excellent seal when the thickness is at least 4 mm (85).
Another study conclusively showed that when MTA is used as a sealant
in conjunction with gutta-percha placement, it demonstrates inferior
resistance to leakage caused by inadequate material thickness (86).
MTA has also been shown to provide a superior seal when used as
a double-sealing intracoronal material over compacted gutta-percha
(87) and is equivalent to glass ionomer as an intraorifice or coronal
barrier (88, 89). MTA has shown excellent sealing ability when tested
against other root-end filling materials in various experimental models
(26, 90-93). The sealing ability of cured MTA, when used as an ortho-
grade filling material, is not affected by root resection (94, 95).

Case 2: MTA Ohturation Combined with Root-End
Resection

A 15-year-old male patient presented to the endodontic office for
evaluation of tooth #9, which had been previously traumatized 8 years
before (Fig. 24). The presenting symptoms included tenderness to
mastication and swelling of the buccal plate. Radiographic examination
revealed a large unilocular radiolucency of the maxilla, with the right
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central incisor having an incompletely formed apex. A review of the
medical history revealed no contraindications to endodontic treatment.
Clinical examination showed normal probings, slight incisor mobility,
and profound swelling, with sinus tract evident to the mid-buccal plate.
Tooth #9 was nonresponsive to cold testing. The clinical diagnosis was
chronic apical periodontitis; the patient’s guardian was presented with
treatment options and elected retreatment with MTA obturation
combined with surgical therapy. Written consent was secured.

After anesthesia and rubber dam isolation, the tooth was accessed
and flared with Peeso reamers, and the canal system was debrided 1 mm
short of the radiographic apex. Instrumentation included size 60 and 70
stainless stell K-files to an MAF size of 80 under constant 5.25% NaOCl
irrigation. The canal was dried and obturated with 12 mm gray MTA,
with some extrusion of the material apically. The obturation method
involved size 70 MAF with 5/7 and 7/9 endodontic pluggers. At 30
days after the initial appointment, the patient returned for root-end
resection of the set MTA after bonded core placement (Fig. 2B). The
histologic diagnosis of the biopsy material was granulation tissue with
severe chronic inflammation. A 1-year follow-up radiograph showed
complete remineralization of the periapical lesion (Fig. 2C). Clinically
there was normal function and an absence of symptoms.

The case report demonstrates the concept of MTA obturation
coupled with surgical root resection. Specifically, MTA placed in the
root canal system and allowed to cure before surgical endodontics
can give operators flexibility where root-end management might be chal-
lenging as a result of anatomic barriers, patient concerns, and hemostatic
considerations, or if surgical access is compromised. Conversely, in
cases that exhibit canal transportation, apical perforations, or stripping,
MTA can provide a predictable seal that can promote bioremineralization
and healing without post-treatment surgical intervention.

MTA: An Alternative to Gutta-Percha

Even though the number of dental practices that promote “biolog-
ical dentistry” has increased in recent years, the concepts of holistic
dentistry are contradictory to the biologic basis of modern endodontic
therapy. There is no current scientific evidence to support the associa-
tion of endodontic infections with some physical disorders found in hu-
mans. However, uninformed patients concerned with possible “systemic
problems” related to the retention of endodontically treated teeth with
contemporary filling materials can be offered alternative substances to
fill the root canal space. Biocalex (Albuca, Montréal, Québec, Canada),
now called Endocalex (Endocal), has been used by dentists internation-
ally as a nontoxic agent for canal obturations as an alternative substance
to gutta-percha. It is a compound that contains calcium oxide and zinc
oxide and is mixed with a liquid (ethyl/glycol/water) that reportedly
swells into the dentinal tubules. The resultant mixture becomes calcium
hydroxide but has a strong potential to induce vertical root fracture over
time (96). It is therefore not an acceptable alternative to gutta-percha,
and its use should be discouraged.

Another material is Iroot BioAggregate (DiaDent, Burnaby, BC,
Canada), a biocompatible pure white powder composed of ceramic
nanoparticles. The powder mixes with deionized water to form a nano-
composite network of gel-like calcium silicate hydrate mixed with
hydroxyapatite bioceramic that also precipates calcium phosphate.
There is no available research at this time regarding the use of BioAggre-
gate as an obturation material. MTA-Angelus (Angelus, Londrina, Brazil),
anew material and very similar to ProRoot MTA, might also exhibit prop-
erties suitable for nonsurgical root canal obturation (97, 98). The mate-
rial is silicate cement composed of several mineral oxides and achieves
arigid set in 10—15 minutes. The material is composed of 80% Portland
cement and 20% bismuth oxide. Canal obturation with ProRoot MTA
or other similar compounds with new compositions currently being
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Figure 2. (4) Fifteen-year-old male patient presenting with previously traumatized maxillary left central incisor and large perirapical lesion. The incisor was
non-responsive to cold testing (B) MTA canal obturation with composite core and surgical root resection after MTA curing. (C) One-year radiographic recall.

Histological analysis of biopsy specimen identified a granuloma.

developed might be an acceptable method for root canal obturation,
while avoiding the potential for root fractures associated with Endocalex.

Because of its characteristics, MTA might become a viable alterna-
tive treatment option compared with gutta-percha—based materials and
sealers. MTA exhibits superior sealability against bacterial microleak-
age, while demonstrating antibacterial and bioinductive properties
that can improve treatment outcomes. Furthermore, the material is
sterile, radiopaque, resistant to moisture, and nonshrinking and stim-
ulates mechanisms responsible for the bioremineralization and resolu-
tion of periapical disease. MTA can be considered the material of choice
in preventing the extraction of involved teeth when some protocols
might otherwise recommend unconventional alternatives.

Apexification and Perforation Repair

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 (99). There are numerous
reports that confirm the superiority of MTA as a perforation repair
material (57, 100-105). The sealing ability of MTA in perforation
repair is remarkable and is now considered the preferred and routine
method of resolving procedural errors in endodontic therapy (20,
106). MTA also induces the formation of apical calcific barriers and
resolution of periapical disease of unformed apices in teeth with
necrotic pulps, as demonstrated in numerous case reports (107—
115). 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 periap-
ical pathosis or abscesses (116).

Case 3: MTA Ohturation with Open Apices

A 12-year-old female patient presented to a children’s dental clinic
for emergency treatment of tooth #20. Symptoms included pain and
swelling, lymphadenopathy, and an elevated temperature. The medical
history was noncontributory. Clinically the premolar exhibited grade 2
mobility, with pain on percussion and no caries. However, a closer
inspection revealed an occlusal anomaly consistent with dens evagina-
tus. The radiographic evaluation revealed an open apex with periapical
pathosis, and the case was diagnosed as an acute periapical abscess
(Fig. 34). The patient’s parents were presented with various treatment
options, and they elected treatment that included MTA obturation after
parental consent was secured.
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After local anesthesia and rubber dam isolation, purulent exudate
was discharged immediately after access completion. Chemomechani-
cal instrumentation was completed by using size 60—100 stainless steel
K-files, 6% NaOCl irrigation, and calcium hydroxide intracanal medica-
tion (Fig. 3B). The patient was prescribed antimicrobials and returned
1 week later. The root canal was filled with vertically compacted white
MTA after irrigation and canal drying with a Glick instrument to gently
condense the material apically. The coronal MTA was dried, and a flow-
able compomer and bonded core restoration were placed. Three-
month radiographic recall (Fig. 3C) and 18-month follow-up showed
osseous repair and apical closure (Fig. 3D).

Observations from this case example support MTA as an effective
material in regenerating normal periradicular architecture in teeth with
immature apices and continued root maturation when pulpal necrosis
is present.

In a clinical retrospective outcome study, MTA was used as an arti-
ficial barrier in teeth with immature apices (117). By means of a peri-
apical index score, 17 0of 20 (85%) teeth showed healing. Also, when the
MTA apexification procedure is compared against calcium hydroxide as
a control, MTA demonstrated higher clinical and radiographic success
at inducing root-end closure (118). In obturation of root canal systems
by using MTA, it has been shown that MTA combined with propylene
glycol paste is far easier to place in canals in canine models (119).
The biologic response in periapical tissues is similar when compared
with conventional obturation when MTA is mixed with distilled water.

In a2 more recent retrospective study, 144 teeth with open apices
and no apical barriers were obturated with ultrasonically compacted
MTA and completed in a 1- or 2-visit protocol (120). Interim placement
of calcium hydroxide was implemented in the 2-visit sequence. Teeth
were restored and sealed in the coronal third with bonded composite.
With a recall rate of 54% and a mean time to recall of 19.4 months, cases
recalled after 1 year or longer showed a favorable outcome, with healing
in 93.5% with 1 visit and 90.5% in teeth treated in 2 visits. It was
concluded by the investigators that MTA placed in teeth with open apices
in 1 visit was a viable alternative to calcium hydroxide therapy before
MTA obturation by using 2 visits to promote apical closure.

Obturation in Endodontic Retreatment

An ongoing challenge in endodontics has been the retreatment
of previously treated gutta-percha and sealer cases associated with
refractory disease. Root canal fillings associated with long-standing
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Figure 3. (1) Twelve-year-old female patient with dens evaginatus, open apex, and diagnosed with an acute periapical abscess. (B) Calcium hydroxide intracanal
medication. (C) Three-month recall with MTA canal obturation and bonded composite core. (D) Eighteen-month recall showing osseous repair and apical closure.

restorative leakage are often contaminated with gram-positive bacteria
that include E. faecalis and yeasts such as C. albicans (121, 122).
Although cleaning and shaping, intracanal medication, ultrasonics,
and microscopic examination are helpful in removing contaminated
filling materials and reducing the number of microorganisms during re-
treatment, many bacteria can survive treatment in inaccessible areas of
the root canal or between the interface of the previous filling material
and dentinal wall (123). Furthermore, some microorganisms and their
by-products colonizing dentinal tubules might be difficult to eliminate,
even with prolonged exposure to common endodontic irrigants (124—
126). Although studies have shown that orthograde retreatment with
various forms of gutta-percha followed by surgical endodontics
produces higher success rates than retreatment alone (123), the avoid-
ance of surgical treatment by using conservative treatment options that
have similar prognostic outcomes should be considered. MTA obtura-
tion in retreatment cases offers an alternative method that can possibly
reduce the indications for endodontic surgery.

Case 4: Retreatment with MTA Obturation

A 27-year-old male patient presented to the private endodontic
office for evaluation of tooth #9, which had received conventional
endodontic treatment 6 years earlier (Fig. 44). The patient was
informed by his dentist that the prognosis for retreatment therapy or
surgery was unfavorable, and he was treatment planned for implant
placement. The medical health history was noncontributory, and the
patient was asymptomatic. Radiographic examination revealed
a previous nonsurgical treatment characterized by a substandard obtu-
ration with voids and the presence of a large periapical lesion (>1 cm).
Clinical examination showed normal tooth mobility, no pain on percus-
sion with only slight discomfort on palpation, and a normal cold
response from the proximal lateral incisor (#10). After a clinical diag-
nosis of chronic apical periodontitis, the patient was offered various
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treatment selections and accepted retreatment with MTA obturation
after consent forms were signed.

After anesthesia and rubber dam isolation, the incisor was ac-
cessed, and previous filling material was removed with Gates Glidden
drills and barbed broaches. The root canal was chemomechanically
shaped and cleaned with Profile .04 Taper sizes 20-80 by using
6.0% NaOCl and MTAD irrigation. The apical preparation was
completed with large K-files to an MAF size 90. The canal was flushed
with sterile water and dried with paper points, and the apical 5 mm
was obturated with vertically compacted white MTA by using a size 80
stainless steel K-file and a 5/7 endodontic plugger. After drying the
coronal aspect of the MTA plug with paper points, the canal was further
obturated with thermoplastic gutta-percha and sealer and was restored
with a bonded core during the same visit (Fig. 4B). The patient returned
for a second recall at 3 years (Fig. 4C), and radiographic examination
revealed complete healing of the apical lesion. Clinical examination dis-
closed the incisor to be firm and functional without symptoms. Also
evident was that the right central incisor (#8) was recently treated
and restored by a general dentist.

The outcome in this case example demonstrated that previously
treated teeth that exhibit large chronic periapical lesions can be re-
treated by using MTA as an apical plug to achieve periapical healing.
Furthermore, MTA apical plug placement with backfilling of a removal
material can provide adaptability when considering future restorative
requirements.

Root Canal Obturation hefore Endodontic Surgery

A variety of circumstances can either prevent healing or promote
periapical bone loss after conventional endodontic treatment. These
factors can be iatrogenic, anatomic, or microbial (biofilms or extrara-
dicular bacteria) and can often include restorative or apical microleak-
age. Obturating the root canal system with MTA in select cases before
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Figure 4. (4) Periapical radiograph of maxillary left central incisor with previous conventional endodontic treatment and large periradicular lesion on 27-year-old
male. The patient was initially treatment planned for implant placement. (B) Single-visit treatment with a 5 mm MTA plug, thermoplastic gutta-percha and sealer and
bonded composite core. (C) Three-year recall, the right central incisor was treated and restored recently by a general dentist.

surgical treatment after allowing the material to cure is an option that
can have important advantages. Although one study showed a lower
incidence of cementum formation in cases in which root resection
was performed on canals filled with cured MTA as opposed to freshly
placed MTA, no significant difference in cementum formation or
osseous healing was observed during a 4-month period in canine
models (69). This protocol might be beneficial when surgical access
is compromised by anatomic structures to lessen technical demands
on the operator or address patient management concerns.

Case 5: MTA Obturation hefore and during Surgery

A 42-year-old female patient presented to a private office for eval-
uation of teeth #7 and #8, which had been previously traumatized and
received orthograde treatment at age 12 and retrograde treatment at age
25 (Fig. 54). The patient was informed by another office that only
implant placement could be offered to resolve the ongoing pathosis.
The presenting symptoms included tooth mobility, swelling, and pres-
ence of a suppurating sinus tract. Radiographic examination revealed
aprevious silver point treatment of tooth #7, 2 prior amalgam retrofills,
and a large periapical lesion. A medical history review indicated the
patient was in good health. Oral examination revealed amalgam tattoo-
ing of the buccal plate, grade 2+ mobility of both incisors, and exudate
associated with the sinus tract. The clinical diagnosis was chronic apical
periodontitis. The patient was given treatment options and elected re-
treatment and surgery with MTA obturation after written consent was
acquired. The patient also indicated that she wanted to retain both ex-
isting PFM crowns for financial reasons.

After anesthesia and rubber dam isolation, tooth #7 was accessed,
and the silver point was removed. The canal was prepared by using size
50-80 stainless steel K-files to an MAF size 80, irrigated with 5.25%
NaOCl, dried, and obturated with gray MTA to the level of the amalgam
retrofill by using a Glick instrument. Seven days later, the patient re-
turned for surgical removal of the amalgam retrofills (Fig. 5B). Ultra-
sonics were used to remove gutta-percha in tooth #8 to the level of
the cementoenamel junction (CEJ) by using sterile water as the irrigant,
and the canal was obturated with MTA by using an amalgam carrier and
amalgam plugger. The root ends were smoothed with a high-speed dia-
mond bur, and 2 MTA root end caps were placed (Fig. 5C). The patient
returned for a 6.5-year recall with recently placed PFM crowns, both
teeth in normal function without symptoms (Fig. 5D).
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This case demonstrates the diverse delivery methods available
when obturating with MTA that allow operators flexibility during
surgical and nonsurgical treatments. Furthermore, the outcome
demonstrates favorable periapical healing in a compromised case in
which implant placement was initially treatment planned.

Canals that have been obturated with set MTA before treatment
might simplify the procedure when surgical access is difficult. Anatomic
restrictions during surgical treatment can include the mylohyoid ridge
on mandibular second molars where the mesial or distal canals can be
obturated before surgical treatment to avoid the demand for retrofill
placement after root resection. Another anatomically challenging area
can be the palatal roots of maxillary molars where apicoectomy alone
would lessen the technical operator demand for root-end filling place-
ment. Management considerations include physically and mentally
compromised patients, intravenous sedation cases, and patients with
limited opening. When the canals have been previously obturated,
then root resection and examination with magnification of the resected
root end can shorten appointment times.

After the initial obturation of canals with MTA, a sealed coronal
core restoration can be provided in 1 visit after a flowable compomer
is placed over the material within the canal orifices. If the operator
wants to confirm MTA curing, then the core material can be placed at
the time of surgery on the second visit. In cases that exhibit micro-
leakage and contaminated gutta-percha that are retreated with MTA
obturation before surgery, it is important for operators to examine
under magpnification the resected root end for any remaining gutta-
percha between the set MTA and canal walls. Because residual
gutta-percha can potentially shelter endodontopathogenic microor-
ganisms, root resections should be completed to a level where
only cured MTA is visible. If after resection, contaminated gutta-per-
cha can still be detected between the MTA and canal wall interface,
ultrasonic preparation and fresh MTA retrofill placement are recom-
mended.

Other Indications for MTA Canal Obturation

Complete or partial obturation of the root canal canal system by
using MTA is a viable option for teeth that exhibit extensive internal
root resorption (127), open apices, and select cases that show
anatomic variations that include dens evaginatus, dens invaginatus,
“C” shape canals, fusion, or gemination.
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Figure 8. (4) Pre-operative radiograph of failed surgical treatment of teeth
No. 7 and 8 in 28-year-old female patient. (B) Surgical removal of amalgam
retrofills after No. 7 received orthograde retreatment with MTA obturation.
(€) Ultrasonic removal of gutta-percha No. 8 with MTA canal filling followed
by MTA root end caps placed in both incisors. Neither incisor received smear
layer removal. (D) 5-year recall showing remineralization of the previous peri-
apical lesion.

Case 6: MTA Obturation for Internal Resorption

A 45-year-old male patient was referred for treatment to
a private endodontic office after a routine radiographic examination
revealed an advanced resorptive defect associated with tooth #8
(Fig. 64). There were no subjective clinical symptoms, and the health
history disclosed no abnormalities. Oral examination demonstrated
no tenderness to percussion or palpation with normal probings
and mobility. The clinical diagnosis was perforating internal
inflammatory root resorption, and the patient was offered various
potential treatments and elected MTA obturation. Written consent
was obtained.

The patient received local anesthesia and rubber dam isolation fol-
lowed by access and instrumentation with size 60—120 stainless steel K-
files to an MAF size 80 by using 2.75% NaOCl irrigation. After the canal
was dried, MTA was obturated by using hand condensation with
Schilder pluggers without use of an internal matrix. The patient returned
1 week later for bonded core placement (Fig. 6B). One-year radio-
graphic recall showed osseous repair of the previous periapical pa-
thosis (Fig. 6C). The patient was asymptomatic, with the tooth
exhibiting normal probings, mobility, and function.
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Case 7: MTA Obturation for Dens in Dente

An 11-year-old male patient presented to the clinic for evaluation
of tooth #10, which clinically exhibited swelling and a suppurating sinus
tract. Radiographic evaluation revealed unusual anatomy consistent
with dens in dente (dens invaginatus) and a diagnosis of chronic apical
periodontitis (Fig. 74). The patient’s health history was noncontribu-
tory, and the parents were presented with treatment options and
selected retreatment with MTA obturation. Written consent was
provided.

Directly after anesthesia and rubber dam isolation, the tooth was
accessed, and the apical compartment was negotiated after ultrasonic
penetration of a dentin barrier. Subsequent to chemomechanical
debridement with 5.25% NaOCl irrigation, the canal was filled with
calcium hydroxide paste. Ten days later, the lateral incisor was ac-
cessed, and the canal was prepared to a size 40 MAF with .04 Taper
Profiles by using 5.25% NaOCl irrigation without smear layer
removal. A second canal was located to the mesiobuccal aspect
and prepared to the apex. After the canals were dried, the apical
compartment was obturated with gray MTA and the accessory canal
with white MTA by using a stainless steel size 35 K-File and 1/3 and
5/7 endodontic pluggers (Fig. 7B). The patient returned for bonded
core placement after MTA curing (Fig. 7€), and at 7-year radio-
graphic recall, healing of the apical periodontitis was evident
(Fig. 7D). The incisor showed normal mobility, function, and slight
discoloration.

These 2 cases substantiate the ability of MTA obturation to fill
anatomically complex teeth and effectively seal defects between the
canal system and the periodontium. Specifically, the bioinductive
properties of the material can generate impressive healing in cases
with advanced periapical periodontitis when examined on short-
term and long-term radiographic recalls. These features of MTA as
an obturation material should be considered when treatment alterna-
tives can predispose teeth to surgical therapy or extraction and implant
placement.

In cases in which a supernumerary tooth is removed surgically,
MTA can successfully be used to seal communications exposed to the
oral environment (128). MTA obturations have been used to seal and
retain primary teeth with pulpal involvement where no succedaneous
permanent tooth is present (129). The material is also successful in
promoting repair and root-end closure in traumatized teeth in which
calcium hydroxide therapy is unsuccessful at inducing hard barrier
formation (130, 131). Teeth that have undergone traumatic injuries
such as luxation, intrusion, or avulsion and replantation can be success-
fully retained by using MTA as a permanent obturation material (130,
132). MTA is also beneficial in retreatment of failed conventional
root canal treatments that have also been subjected to surgical treatment
with unresolved healing (133).

In teeth in which perforations occur within the root canal space
rather than the pulpal floor, it might be more practical to obturate
the entire canal system with MTA. Complete root canal obturation
that includes any perforation in the apical, mid-radicular, or coronal
area would allow for a thicker layer of MTA and better sealability in
the critical perforation area. This should be a consideration in the
buccal canals of maxillary molars and the mesial canals of mandibular
molars, where post placement if required for a buildup might be contra-
indicated (134, 135). This procedure also simplifies obturation
requirements, because operators will not be required to use 2 different
materials to complete the procedure or wait for the MTA to harden. The
procedure might also prevent the possibility of dislodging the MTA at the
perforation site, when the canal is obturated on the second visit with
gutta-percha and sealer.
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Figure 6. (4) Perforating internal resorptive defect in maxillary left central incisor on 45-year-old male with sinus tract. (B) Complete canal obturation with MTA
without matrix placement. (C) One-year radiographic recall with bonded composite core. Courtesy Dr. Mark Olesen, North Vancouver, Canada.

Obturation Technique

Canal obturation with MTA requires the same preparation and irri-
gation normally executed for gutta-percha placement, although the
removal or retention of the smear layer before canal obturation still
remains controversial (136). If smear layer removal is not imple-
mented, it does not appear to affect the sealability of MTA materials,
and its presence might actually improve the seal over time (137). It
has been speculated that the smear layer might act as a “coupling agent”
that might enhance MTA bonding to root canal dentin. Because present
data are inconclusive regarding smear layer removal, clinicians might
choose to leave the smear layer in selected cases and fill canals with
MTA, without apparently compromising the outcome.

In conventional nonsurgical root canal treatments in teeth exhib-
iting closed apices, the main canal apical preparation should be
a minimum of size 30; however, a size 35 or 40 MAF is more desirable.
White MTA has better handling characteristics and compactibility,
attributed to smaller particle sizes, when compared with its counterpart,
but gray MTA appears to have superior sealing properties when the
material is examined iz vitro (84). Clinicians should judge which
type to use on the basis of an assessment of tooth location, esthetics,
and surgical indications.

After drying the canal, the mixed MTA is placed in the canal with
a carrier gun and advanced apically with an endodontic plugger, size
9/11, 5/7, 1/3, or a Glick instrument. MTA can be mixed with 0.12%
chlorhexidine rather than sterile water or anesthetic solution, which
appears to increase its antibacterial properties (138). A stainless steel
K-file, 1 or 2 sizes smaller than the MAF, is used to compact the apical
3—5 mm of wet MTA. If the last MAF file size used was a 35, then a size
25 or 30 file (K-file) is used to advance and push the wet MTA apically
to the working length. Some clinicians advocate removing the pilot tip to
create a flat end before using the instrument for compaction. The first
few deliveries of the material will coat the canal walls and the radial
lands of the plugging K-file. The file is then directed off the walls circum-
ferentially and pushed with light to moderate pressure. If the tooth apex
is closed, firmer pressure can be applied. Hand pluggers can also be
used to complete the compaction, but they might be difficult to use
in curved canals. Because the MTA condenses apically, the working
length will shorten as the compaction of the MTA condenses in the
apical 4-5 mm.

An endodontic plugger (size 1/3 or 5/7) can now be placed on top
of the MTA after the apical compaction is completed and the top portion
of the MTA is visible in the canal. Ultrasonic energy placed against the
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plugger can be used to further compress the material by using a low-
range setting for the unit. A radiograph is now taken to assess the pres-
ence of visible voids. When the clinician is satisfied that the compaction

Figure 7. (4) Lateral incisor associated with dens invaginatus (dens in dente)
and chronic apical periodontitis and sinus tract in 11-year-old male patient.
(B) Obturation of apical compartment and accessory canal with white MTA
without smear layer removal. (C) Bonded core placement after MTA curing.
(D) Seven-year radiographic recall.
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Figure 8. (4) MTA obturation of maxillary left first molar. (B, ¢) Mandibular right first molars filled from apex to pulpal floor with white MTA. (D) Maxillary left
first premolar with MTA obturation. All cases courtesy Dr. Ingrid Lawaty, Santa Barbara, California.

density is adequate, then fresh MTA can be placed in the canal and com-
pacted from the apical to coronal area by using larger hand files and
pluggers.

If operators are not satisfied with the obturation density, then the
MTA can be recompacted by using a smaller K-file (ie, size 20) until an
acceptable result is achieved. If visible voids are still present, the MTA
can be flushed out with anesthetic or sterile water by using a 27- or 30-
gauge needle. If this is unsuccessful, then an ultrasonic size 30 or 35 K-
file tip can used to free up the MTA, and the canal is reflushed with
a neutral irrigant. In cases in which MTA is packed to the canal orifice
and surrounding dentin, a quick spray with both water and air simul-
taneously from a 2-way syringe will remove any residual material
from the access cavity walls and pulpal floor.

Clinicians who elect to backfill the canal with gutta-percha or
a resin-based material after placing a MTA plug can irrigate the canal
with sterile water by using a side-venting needle. After flushing the canal,
it is dried with sterile paper points, and the MTA is packed flat with the
end of an appropriately sized endodontic plugger. Minimal force will
prevent the extrusion of large amounts of MTA if the root apex is imma-
ture or open as a result of apical root resorption. Extruded MTA will not
affect periapical healing in most cases (139).

With large open apices, the MTA can be pushed down by using the
back end of an extra coarse paper point or Glick instrument.
Endodontic pluggers can be used with ultrasonic energy, but the clini-
cian is cautioned to use care with ultrasonics, which can cause large
amounts of MTA to extrude apically when open apices are present.
Although extruded MTA should not affect the outcome, the esthetics
of placement might be a concern for clinicians who are attempting to
achieve an ideal result. If extensive hemorrhaging is present with
open apices, perforating resorptive defects, or large long-standing
perforation sites, the MTA must be placed in larger amounts quickly
delivered by using a larger carrier (ie, amalgam carrier) or brought
to the canal in bulk. The excess moisture or blood is removed with
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dry cotton pellets with or without calcium hydroxide powder pressed
over the entire volume of MTA or the back end of an extra coarse paper
point until stability of the material is achieved.

The clinician must use their own clinical judgment to control the
application of the material in cases of excessive hemorrhaging. If the
area has uncontrollable hemorrhaging that cannot be stabilized, then
calcium hydroxide placement is recommended until such time that
a predictable delivery of the material can be attained. In cases in which
post placement might be required as a future treatment option, back-
filling the canals with thermoplastic gutta-percha or resin-based

Figure 9. (4) Periapical radiograph of extracted right maxillary incisor
treated in the laboratory and obturated apically with 5 mm gray MTA, thermo-
plastic gutta-percha and sealer and composite core. (B) Micro-computed
tomography shows voids present in all three filling materials.
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Figure 10. (4) Periapical radiograph of extracted mandibular right first molar model with complete obturation of all canals using white MTA. (B) Micro-
computed tomography of coronal axial section shows dense obturation without voids. (C, D) Mid-root and apical axial sections showing the presence of voids

in compacted MTA.

materials and sealers can be implemented. This includes the distal
canals of mandibular molars, palatal canals of maxillary molars, the
long and straight canals of maxillary premolars, and single canals of
anterior teeth. Placement of easily removable obturation materials
can be completed after 4-5 mm of MTA is compacted into the apical
area. MTA might take considerable time to place in certain teeth, and
results will depend on the case requirements and operator experience.
Delivery techniques also require patience and practice and are subject
to a learning curve.

Lawaty Technique

The Lawaty technique was introduced by Dr Ingrid Lawaty, Santa
Barbara, CA. After cleaning and shaping have been completed, white
MTA is mixed in a dappen dish and transferred to the pulpal floor
with a Glick instrument. The MTA is placed to half fill the access cavity
over the prepared dry canals. The access cavity serves as an MTA reser-
voir during the compaction process and can be remoistened as needed
to maintain a workable consistency of the cement. An apex locator is
then attached to a K-file, 1 size smaller than the MAF. This technique
can help locate the canal terminus and helps prevent extrusion of the
material, although extruded MTA should not negatively affect the
outcome of the case. The K-file is moved circumferentially along
the canal glide path with an apical pumping motion by using the coronal
portion of the canal as a funnel, which allows the MTA to flow from the
access cavity reservoir to the canal terminus. The apex locator can be
removed as the depth of the canal glide path is reduced, and the apical
MTA plug is formed. The MTA can thereafter be circumferentially
funneled and pumped more aggressively without substantial risk of
extrusion.

Periapical radiographs are taken during the course of the proce-
dure and are recommended for confirmation of dense MTA compac-
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tion. This is particularly important for the apical 4- to 5-mm portion
of the obturation. A progression of K-files are then used after the forma-
tion of the apical MTA plug, sizing upward incrementally to a size 60 K-
file. No sizes should be skipped to prevent the potential for void forma-
tion. The circumferential funneling and pumping are continued with
each file, concluding with the size 60 K-file. After this last file has
been used, the canal should be half to two thirds packed. The final
coronal portion of the canal might be packed by using Schilder plug-
gers. Another option available to clinicians, after the apical 4- to
5-mm plug is completed, is to obturate the coronal and mid-root
portion of the canal with warm gutta-percha and sealer to facilitate
future access for restorative purposes (Fig. 8).

Disadvantages

MTA does present some disadvantages when used in canal obtu-
ration. Gray MTA can discolor teeth if the material is placed in the
coronal structure or near the CEJ in anterior teeth. This can be attrib-
uted to the reduction of ferrous ions (FeO) into the dentinal tubules that
might increase over time (140). This factor is not important if the tooth
already has a full coverage metal-based restoration. It might be an
important concern in anterior esthetic zones, without PFM restorations,
where white MTA can be used as an alternative material. Ceramic
crowns and veneers might pose a similar problem if not properly opa-
qued in the laboratory, and the MTA reaches the level of the CEJ.

Another potential problem with the material can be elective
removal after placement and curing. Although removal can be accom-
plished with the aid of ultrasonics, MTA obturation in curved canals can
pose a dilemma (141). The obturation of a curved canal should be
considered a permanent filling and therefore treated in the possible
event of failure by surgical resection of the root end. Furthermore,
operators should inform patients that MTA was used as an alternative
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filling material for their endodontic therapy and might complicate treat-
ment options for unknowing future clinicians. Although current obtu-
ration techniques with MTA can show dense fills radiographically,
micro—computed tomography of extracted teeth reveals small voids
present in most experimental specimens (Figs. 9 and 10). Although
these voids can be detected when current delivery protocols are
used, they appear not to affect biologic mechanisms necessary for favor-
able healing

Another minor drawback is the slow setting time of ProRoot MTA.
The material can take 2.5—4.0 hours for an initial set, but it requires 21
days for complete curing (142). In younger patients with immature
teeth that exhibit wide canals and open apices where management
considerations mandate a 1-visit procedure, the top of the MTA can
be dried with paper points, and a flowable compomer can be placed
over the exposed MTA. A light-cured or self-cured bonded core or glass
ionomer material can be placed over the compacted MTA and
compomer to complete treatment in 1 visit. Molars or premolars
with smaller canals that require treatment in 1 visit can be backfilled
after 4-5 mm of MTA is packed apically. The canals are flushed with
sterile water by using a side-venting needle and dried with paper points,
and thermoplastic gutta-percha and sealer are placed without using
a flowable compomer over the unset MTA.

Scientific investigations in root canal obturation and MTA obtu-
rated reimplantation studies have revealed the remarkable potential
for this bioactive tricalcium silicate cement to stimulate the biologic
mechanisms necessary for repair and retention of involved teeth.
Unsuccessful root canal treatments compromised by microleakage,
inadequate cleaning and shaping, poor quality obturations, and large
periapical lesions can demonstrate superior healing rates when this os-
teoinductive and cementogenic material is used to fill the root canal
system. It appears that teeth obturated with MTA might not only increase
their fracture resistance with time, but bacteria might be effectively en-
tombed and neutralized in severely infected teeth. Moreover, if a filling
material can substantially improve endodontic outcomes and provide
a wide range of treatment options that prolong the retention of the
natural dentition and avoid implant placement (143), then some disad-
vantages might have to be overlooked in favor of the superior physio-
chemical properties. Although MTA might not exhibit all the
characteristics necessary for the ideal filling material, patients requiring
complex endodontic treatment might benefit from its bioinductive
properties in conventional and surgical therapies.
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