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Repair of perforations with MTA:
clinical applications and
mechanisms of action

THOMAS CLAUDER & SU-JUNG SHIN

Root perforations may occur due to pathological processes or treatment consequences. Such perforations are severe
complications and are associated with dramatically compromised endodontic treatment outcomes, especially when
bacterial infection is allowed to establish. A new material, mineral trioxide aggregate (MTA), promotes a favorable
environment for regeneration and has been successfully used for perforation repair. This is in contrast to previously-
used materials that often led to variable outcomes. Based on the currently-available literature, the guidelines for
perforation repair and treatment options need to be re-evaluated and usage parameters for MTA need to be

optimized.
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Introduction

Root perforations may arise pathologically, i.e., by
resorptive processes or by caries, or may occur
iatrogenically as a complication during or after root
canal therapy (1) (Figs. 1-6). The American Associa-
tion of Endodontists (AAE) Glossary of Endodontic
Terms defines perforations as mechanical or patholo-
gical communications between the root canal system
and the external tooth surface (2). The injury to the
periodontium results in the development of inflamma-
tion, destruction of periodontal fibers, bone resorp-
tion, formation of granulomatous tissue, proliferation
of epithelium, and ultimately in the development of a
periodontal pocket (3-6). Root perforations are
significant complications to endodontic treatment
and, if not detected and properly treated, the break-
down of the periodontium may ultimately lead to loss
of the tooth. A recently-published outcome study on
non-surgical re-treatment demonstrated that one of
the two factors significantly affecting the success rate of
the re-treatment was the presence of a pre-operative
perforation (7). The incidence of perforations is
quoted in the literature as being between 3 and 10
percent (8-10). Analyzing the success rates of non-
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surgical re-treatment procedures, perforations were
found to be present in 7 to 12 percent of the previous
endodontic treatments (7, 11, 12). The following
section provides an overview of the occurrence and
diagnosis of radicular perforations.

Occurrence and diagnosis of
perforations during root canal
treatment

Root perforations may occur in any area of radicular

tissues and can be divided according to the time a

perforation occurs:

A. pre-operative occurrences, typically pathologically,
e.g. resorption or decay;

B. peri-operative procedural accidents, e.g. during
access or canal instrumentation; or

C. post-operative procedural errors, e.g. during pre-
paration of a post-space.

According to Kvinnsland et al. (13), 53% of
iatrogenic perforations occur during insertion of posts
(prosthodontic treatment); the remaining 47% are
induced during routine endodontic treatment. In 73%
of all cases, the complications occur in the maxilla and
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Fig. 1. Radiograph showing different localization for
perforation that occurred during access preparation or
endodontic treatment. Perforation in the coronal aspect
of a lower molar, leading to a periodontal pocket.

Fig. 2. Radiograph showing different localization for
perforation that occurred during access preparation
or endodontic treatment. Furcal perforation in a
mandibular molar showing bone destruction in the
furcal region.

Fig. 3. Radiograph showing different localization for
perforation that occurred during access preparation or
endodontic treatment. Perforation in the middle aspect
of a lower molar with large overextension of the filling
material into the bone.

the remaining 27% occur in the mandibular arch.
Adequate knowledge is needed of the location and
dimensions of the pulp chamber as well as the
anatomical variations of the specific tooth treated in
order to prevent complications. Kvinnsland et al. (13)
found that in maxillary anterior teeth, all perforations
were located at the labial root aspect due to the
operator’s underestimation of the palatal root inclina-
tion in the upper jaw. In multi-rooted teeth, furcal
perforations can occur when removing dentin from the
chamber floor while searching for canal orifices (5).
The crowns of many teeth are frequently perforated
when anatomical variations are not anticipated during
access preparation as a result of misalignment of the bur
with the long axis of the root (14). Careful examina-
tion of radiographs is important to evaluate the shape
and depth of the pulp chamber and width of the
furcation floor (6). Significant crown-root angula-
tions, calcifications of the pulp chamber and orifices,
anatomical variations, misidentification of canals, and
excessive removal of coronal dentin are often the
reason for perforations in the coronal part of the tooth.
Attempts to locate calcified orifices or excessive flaring
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Fig. 4. Radiograph showing different localization for
perforation that occurred during access preparation or
endodontic treatment. Apical perforations resulting from
inadequate cleaning and shaping concepts.

of the cervical portion of curved roots in molars can
cause lateral root perforations in the root canal (15).
Perforations caused by overzealous instrumentation
occur mostly in the coronal or middle aspect of the
root, are usually of ovoid shape, and are termed strip
perforations. Excessive use of Gates Glidden burs or
overzealous canal enlargement can result in these
procedural accidents. Perforations in the apical area
of roots mainly result from a failure to properly clean
and shape the canal, and are often initiated by blocks
and ledges (16).

Post-space preparation may result in a perforation
due to over-enlargement or misdirected angulations. It
has been held that the best way to manage perforations
is to prevent them (14) but it is imperative to diagnose
and treat a perforation if one has occurred.

Diagnosis of perforations

The correct diagnosis of the presence and localization
of a perforation, as well as the determination of a
treatment plan, can be challenging. As the time lapse
between the perforation development and its repair is
critical to the prognosis for the tooth, early and
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Fig. 5. Radiograph showing different localization for
perforation that occurred during access preparation or
endodontic treatment. Radiograph showing massive
bone destruction after perforation of a glass fiber post
in a lower, anterior tooth.

Fig.6. The surgical site demonstrates a wide strip
perforation in the middle region of the tooth.

accurate determination of the presence of a perforation
is of paramount importance (6, 17, 18). The diagnosis
should be confirmed by clinical observations including
etiological aspects and radiographical findings. The
first clinical appearance of a perforation frequently
demonstrates profuse bleeding from the injured side
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(19, 20). If anesthesia is less than adequate, the patient
may experience sudden pain when perforation occurs.
Indirect bleeding assessment using paper points have
been demonstrated to be helpful to identify smaller
perforations or strip perforations. The canals should be
cleaned as best achievable and dried. A newly-inserted
paper point that shows blood on the lateral aspect
indicates a strip perforation. Repeated insertion of
paper points demonstrating blood at their tip can
indicate apical perforations. Another way to facilitate
diagnosis of a perforation is the use of an electronic
apex locator. Normally used to determine working
length, such an electronic apex locator connected to a
file and inserted into the perforation is a reliable tool to
detect and confirm the perforation (21, 22).
Multiple, angulated radiographs including bitewing
radiographs are also essential for accurate diagnosis.
However, the radiographical detection of root perfora-
tions, especially on the buccal or lingual root surfaces, is
often impractical since the image of the perforation is
superimposed on intact root structure. Three-dimen-
sional information acquired from computed tomogra-
phy (CT) or cone beam CT scans can provide additional
and more conclusive information (23) (Figs. 7-12).

Fig. 7. Multiple perforations shown in all regions of the
teeth. Tooth 17 showing gross overextension of the filling
material into the maxillary sinus.

Fig. 8. Multiple perforations shown in all regions of the
teeth. Tooth 16 demonstrates a large perforation in the
furcal region exhibiting massive overextension into the
maxillary sinus.

Fig. 9. Multiple perforations shown in all regions of the
teeth. The clinical view of tooth 16 shows gutta-purcha
points in the furcal perforations.

In existing and probably infected perforations, it is
considered important to assess the periodontal status
of the tooth in question as cervical and occasionally
mid-root perforations are frequently associated with
epithelial downgrowth and subsequent periodontal
defects, which will compromise the prognosis (3, 24).
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Fig. 10. Multiple perforations shown in all regions of
the teeth. After removal of the filling material of the
perforation site, massive destruction of the tooth
structure is visible.

Fig.11. Multiple perforations shown in all regions of the
teeth. A CT scan of that region demonstrate the gutta-
percha points extended into the sinus with injury of the
sinus membrane, resulting in extended swelling of the
mucosa.

Classification of perforations and
factors affecting prognosis

The aim of perforation management is to maintain
healthy periodontal tissues against the perforation
without persistent inflammation or loss of periodontal
attachment. In the case of established periodontal
tissue breakdown, the aim is to re-establish tissue
attachment (25, 26). Successful perforation repair
depends on the ability to seal the perforation and to
re-establish a healthy periodontal ligament (3). In the
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Fig.12. Multiple perforations shown in all regions of the
teeth. The horizontal scans show the exact localization of
the filling material in the surrounding bone and sinus
area.

past, any attempt to repair perforations exclusively with
an orthograde technique was less than predictable
(13). Materials used to repair root perforations were
associated with the formation of a fibrous connective
tissue capsule in contact with the adjacent bone. The
formation of a periodontal defect has been a more
common finding associated with the majority of
previously-used materials (24).

Kvinnsland et al. (13) reported 56% success in the
primary treatment of perforations. Their conclusion
was that the major problem with a non-surgical
approach was the inability to routinely seal the canal
and the perforation defect without extruding consider-
able amounts of filling material through the perforation
and into adjacent periodontal structures. They also
found a relatively poor prognosis for perforations in the
cervical portion of roots and attributed this to the loss
of the epithelial attachment resulting in the formation
of a permanent periodontal defect. This has been
confirmed in experimental studies of the treatment of



Perforation vepair & MTA

furcal perforations, which have invariably produced
disappointing results (3, 20, 27-29).

In general, investigators have agreed that the
prognosis for root perforations in the apical and middle
third of the root is much better than for those in the
cervical third of the root or of the pulp chamber floor
(26). The prognosis of teeth with root perforations
depends on the severity of the initial damage to the
periodontal tissues, the size of the perforation, the
location of the perforation in relation to the gingival
sulcus, the time lapse between injury and repair, the
adequacy of the perforation seal, the sterility of the
perforation, and the biocompatibility of the material
used to repair the perforation (27-34). In the past,
many materials were advocated for perforation repair;
however, none provided a favorable environment for
re-establishing the normal architecture and predictable
healing after treatment. The inadequacy of these
materials can be attributed to their inability to seal
the communication between the oral cavity and the
underlying tissues, or their lack of biocompatibility. A
characteristic that differentiates MTA (Mineral Tri-
oxide Aggregate) from other materials is its ability to
promote regeneration of cementum, thus facilitating
the regeneration of the periodontal apparatus (5, 26).
Until the advent of MTA, repair materials had not been
able to stimulate this regenerative process (24).
Histological examination of the periradicular tissues
after root-end filling with MTA in dogs has shown that
not only is there a re-establishment of normal period-
ontium, but there is also a cementum build-up over the
material (26, 35). Lack of adverse effects after
extrusion of MTA into the furcation in both cases
indicates biocompatibility (5, 26). Several studies have
concluded that MTA establishes an effective seal of

Table 1. Factors that affect the treatment prognosis of
lateral and furcal root perforation repairs

< Good prognosis Poor prognosis =

Fresh Old
Small Large
Apical /coronal Crestal

Factors on the left suggest a good prognosis, while factors on
the right point towards a poor prognosis.
Redrawn from (9), with permission.

root perforations (36-39) and can be considered as a
potential repair material that enhances the prognosis of
perforated teeth which would otherwise be compro-
mised (24, 26).

To determine an ideal treatment strategy, in 1996
Fuss & Trope introduced a classification based on
different factors affecting the prognosis of perforations
and their treatment (9) (see Table 1).

Time of vepair

As prevention or treatment of bacterial infection of the
perforation site dictates the success of the attempted
repair, the time elapsing between perforation and
appropriate treatment is extremely important. Immedi-
ate repair under aseptic conditions before bacterial
contamination and breakdown of the surrounding
tissues achieves better results than delayed repair, which
promotes a more questionable prognosis. Several
histological studies with experimentally-induced per-
forations show more favorable healing when perfora-
tions are sealed immediately (3, 4, 31). Pitt Ford et al.
demonstrated that even with the use of MTA in the
group with delayed repair, more specimens were
associated with inflammation, which appeared to be
linked to the presence of infection (26). When
examining infected, previously-untreated perforations,
epithelial proliferation can often be observed. Successful
treatment of infected perforations seems to be attrib-
uted to removal of contaminants as well as cleansing of
the pulp chamber, perforation and wound site before
repairing under aseptic conditions (13, 26, 30).

Size of perforation

The potential for successful reattachment of the
periodontal ligament is dependent on the size of the
surface area that must be repaired. In small perfora-
tions, mechanical damage to tissue is minimal and
sealing opportunity is improved in comparison to large
perforations. Although often mentioned, Pitt Ford
states that there is no substantive evidence in the
literature that perforation size affected prognosis (26).
Some case reports have shown healing and promising
results in large perforations treated with MTA (5), so
the effects of perforation size may need re-evaluation.
Moreover, most articles refer to problems with the
coronal seal in situations with larger defects. Most of
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these studies used materials other than MTA, so the
potential to achieve regeneration would be increased
by using MTA in these cases.

Location of perforation

The location of a perforation is probably the most
important factor affecting treatment prognosis (9). In
general, investigators have agreed that the prognosis
for root perforations in the apical and middle third of
the root is much better than those in the cervical third
of the root or in the floor of the pulp chamber (30).
Fuss & Trope (9) emphasized the importance of the
‘critical zone” at the crestal bone level and the epithelial
attachment. Perforations above that zone have a good
prognosis as they can be sealed properly, using adhesive
techniques or being covered by final restorations,
without periodontal involvement. In some cases,
orthodontic eruption of the tooth or surgical crown
lengthening can move the perforation out of the
critical zone. Crestal root perforations are sensitive to
epithelial migration and quick periodontal breakdown,
which can reduce the chance of regeneration and lower
success rates, making treatment more complex and less
predictable. Perforations apical to the critical zone have
a good prognosis, assuming that endodontic treatment
can be adequately performed and the perforation
sealed tightly.

Although there are claims for a good prognosis apical
to the critical zone, the difficulties concerning acces-
sibility increase with the perforation being localized
deep in the canal. In these cases, predictable repair may
be challenging or provide a compromised result,
necessitating a surgical approach. Perforations can occur
circumferentially on the buccal, lingual, mesial, or distal
aspects of roots. The location of the defect is not as
important when non-surgical treatment is selected, but
can be critical in a surgical approach to repair (16).

The decision to treat a perforation is also dependent
on the periodontal condition of the defect. The
presence of periodontal involvement frequently re-
quires additional procedures for management and
lowers the prognosis for successful repair. If a defect
is not associated with increased probing depths, the
treatment method of choice is usually non-surgical
perforation repair, which should be done as soon as
possible since timing is essential for a successful long-
term prognosis. However, if a defect is associated with
increased probing depth, the loss of attachment and
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the risk of epithelial downgrowth decrease the chances
of regeneration drastically. When pockets have already
formed, any conservative treatment is compromised
(26). These defects usually require non-surgical
periodontal management or may even need surgical
intervention. Surgical treatment of perforations can
often lead to the loss of periodontal attachment,
chronic inflammation, and furcal pocket formation
(33). Based on the probability for regeneration, the
treatment options (namely surgical, non-surgical, or a
combination of both) require careful consideration.
When teeth are of strategic value, perforation repair is
clearly indicated.

Mechanisms for action of MTA as a
perforation repair material

Various materials have been used to repair root

perforations. The requirements for an ideal repair

material have been described by several authors (17,40):
-provide hermetic seal;

-non-resorbable and insoluble;

-not contaminated by hemorrhage;

-‘controllable to prevent its extrusion’;
-biocompatible;

-induce osteogenesis and cementogenesis;
-non-carcinogenic, Non-toxic;

-casily obtainable;

-should not cause inconvenience to the patient or
dentist; and

-inexpensive.

The most commonly-used repair materials are
amalgam, zinc oxide eugenol cement, calcium hydro-
xide, gutta-percha, glass ionomer cement, IRM,
composite resin, SuperEBA and mineral trioxide
aggregate (MTA).

MTA was initially introduced as a root-end filling
material for surgical endodontic procedures (35, 41).
Since then, its clinical applications have broadened to
include perforation repair, pulp capping, pulpotomy,
and apexification. During these procedures, the dental
filling materials usually come into contact with the
underlying tissues. The bond strength of most dental
materials is significantly reduced by moisture contam-
ination from the tissue, whereas MTA requires the
presence of water for setting. Therefore, set MTA can
acquire its optimal strength and produce excellent
sealability in the presence of moisture (36).
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Physical and chemical properties of MTA

MTA is composed of tricalcium silicate, tricalcium
aluminate, tricalcium oxide, silicate oxide, mineral
oxide and bismuth oxide. The powder consists of fine
hydrophilic particles that harden in the presence of
water. Hydration of the powder leads to the formation
of a colloidal gel, which then solidifies to a hard
structure in approximately 4 h. The characteristics of
the aggregate depend on the size of the particles, the
powder to water ratio, the setting temperature, the
presence of water during setting, and the presence of
entrapped air. Lee et al. (41) examined the properties
of hydrated MTA by scanning electron microscopy and
X-ray diffraction. Upon MTA hydration, crystallization
of the hydrates causes it to form an interlocking mass.
Crystallization includes the formation of cubic and
needle-like crystals. The nucleation rates may differ due
to the complexity of the MTA components, and some
parts may form hydration products more rapidly than
others. Lee et al. (41) also studied the effects of pH on
the setting of MTA. Their findings were significant as
they discovered that, when used for perforation repair
or retrograde filling, the crystallization properties
differ when MTA comes into contact with inflamma-
tory tissues with a low pH. Pulpal and periapical
inflammation typically lowers the tissue pH to approxi-
mately 5.5. When MTA is hydrated at acidic pH, there
are no needle-like crystal structures formed because the
large surface areas of such crystals provides a large
number of reaction sites for rapid dissolution under
those conditions. The micro-hardness test of the
specimens taken at pH 5 revealed a significantly lower
hardness than the samples examined at higher pH. The
authors hypothesized that the needle-like crystals
might be important for interlocking the entire mass
of the material and their disappearance caused a
decrease in material hardness. Torabinejad et al. (42)
compared the setting time and compressive strength of
four different materials: amalgam, SuperEBA, IRM,
and MTA. Amalgam had the shortest setting time
(4 min) and MTA had the longest (2h and 45 min).
MTA showed the lowest compressive strength
(40 MPa at 24h) but the strength increased to
67 MPa after 21 days.

Tronstad et al. (43) claimed that the highest
cytotoxicity for most dental materials occurs during
the setting period. Consistent with the findings
reported by Tronstad et al., Saidon et al. (44) found

denatured proteins and dead cells in the area immedi-
ately below fresh MTA in cell culture studies. They also
noticed that the total number of cells grown on fresh
MTA was significantly lower than the preset MTA.
Freshly-mixed MTA has a pH of 10.2, which increases
to 12.5 during setting (43). It is possible that the high
surface pH of freshly-mixed MTA contributes to the
denaturation of proteins and cell death. The cytotoxi-
city of freshly-mixed MTA appears to be more
pronounced iz vitro than in vive. Apaydin et al. (45)
compared the effect of fresh MTA with set MTA on
hard tissue healing after periradicular surgery in dogs.
They found no significant differences in cementum or
osseous healing between the freshly-mixed and set
MTA (see Fig. 13).

Many studies have examined the sealing ability of
MTA (15,46,47). Indeed, the excellent ability of MTA
to seal has lead to its introduction as a root-end filling
material. Torabinejad et al. (47) compared the sealing
ability of MTA, amalgam and Super EBA in root-end
fillings and showed that MTA leaked significantly less

Fig. 13. Cementum-like material deposition of the MTA
perforation repair (arrow). Artificial furcal perforation
on Beagle dog’s tooth was created and MTA applied for
repair. 4 months later, histological section showed
no signs of inflammation and possible regrowth of
cementum (unpublished data, courtesy of Seung-Ho
Back at Seoul National University).
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than the other materials. According to Lee et al. (15),
MTA also had superior sealing ability compared to
amalgam or IRM when used for perforation repair.

MTA was originally made in the form of a gray
powder and has been associated with the occasional
discoloration of teeth when used in pulpotomy or pulp
capping (48). White MTA was developed later by
Dentsply Inc. to overcome this concern. Based on
studies thus far (49, 50), white MTA mainly differs
from the original gray MTA by the absence of iron.
Asgary et al. (49) performed electron probe micro-
analysis which indicated that CaO, SiO, and Bi,O3
were the major compounds in gray and white MTA.
Significantly-increased components in gray MTA
compared to white MTA were Al,O3z, MgO and
FeO. Similar results were reported by Song et al. (50).
Based on their results using X-ray diffraction (XRD)
analysis, gray MTA contained significant amounts of
iron. They also analyzed the chemical components of
gray MTA-Angelus (Angelus Solugdes Odontoldgicas,
Londrina, Brazil) and found that it contained smaller
amounts of bismuth oxide compared with the original
gray MTA.

Biological effects of MTA
Biocompatibility

The most critical property of any dental material that
comes into contact with periapical, pulpal or perio-
dontal tissues is its biocompatibility. Several i vivo
animal studies (51-53) have reported that MTA is a
biocompatible material with no adverse effects on the
dental tissues. Little or no inflammation was observed
with MTA when it was used as a root-end filling
material in dogs (35) and monkeys (53) or as a pulp-
capping agent in monkeys (51). Furthermore, these
studies identified cells lined along the MTA surface,
further supporting that MTA has little or no cytotoxi-
city (see Fig. 14).

The biocompatibility of MTA was also tested in
in vitro cell culture studies. Zhu et al. (54) reported
that human osteoblast-like Saos-2 cells attach and
spread well on the surface of MTA after 1 day in
culture. Balto (55) demonstrated that human perio-
dontal ligament fibroblasts were well attached and
grew on MTA. A few previous studies examined
whether there were any differences in biocompatibility
between the gray and white MTA. Holland et al. (56)
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Fig. 14. Scanning electron microscopy of human
cementum-derived cells (HCDCs) grown on white
MTA. Cells were stretched and tightly attached when
they were grown on MTA for 72 h (unpublished data).

evaluated the reaction of rat subcutaneous connective
tissue to the implantation of dentin tubes filled with
white MTA. They showed similar results to those
reported for gray MTA. This indicates that white and
gray MTA have similar mechanisms of action. How-
ever, a cell culture study by Perez et al. (57) showed
that osteoblasts behave differently on white MTA and
suggested that this might be due to the surface
morphology of the materials. Camilleri et al. (58) and
Ribeiro et al. (59) reported no difference in biocom-
patibility between the two variants. Therefore, more
studies are needed to fully characterize the biological
effects of white and gray MTA.

Mineralized tissue inductive property

MTA has the capacity to promote hard tissue forma-
tion. In an animal study, Tziafas et al. (60) showed that
pulp capping with MTA induces cytological and
functional changes in pulpal cells, which result in
the formation of fibrodentin and reparative dentin at
the surface of mechanically-exposed dental pulp.
Torabinejad et al. also showed that MTA was covered
with a cementum layer when used as a root-end
filling material in dogs (35) and monkeys (53). The
dog study showed that cementum was present on
MTA in all of their 10 samples. Pitt Ford et al. (26)
reported continuous hard tissue formation around
excess MTA material when it was used to repair a
perforation.

Bacek et al. (61) performed a histology study using
amalgam, SuperEBA, and MTA as root-end filling
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materials in dogs. They concluded that MTA had the
most favorable periapical tissue response, with neofor-
mation of cemental coverage over MTA.

Moretton et al. (62) rebutted the mineral tissue
inductive property of MTA. In their study, a sub-
cutaneous implant of MTA elicited severe initial
reactions with coagulation necrosis and dystrophic
calcification, which later subsided. Based on this
finding, they suggested that MTA is osteoconductive
rather than osteoinductive.

Potential cellular mechanisms underlying
osteoinductive and dentinoinductive
properties of MTA

Cell proliferation

Cell proliferation is essential for increased bone, dentin
and cementum formation during wound healing.
Bonson et al. (63) reported the enhanced proliferation
of periodontal ligament (PDL) fibroblasts on MTA
compared with other root-end filling materials. Inter-
estingly, gingival fibroblasts failed to proliferate on
MTA even though they survived. This suggests that
MTA may stimulate only a subset of cell types.

The mechanisms for the stimulatory effect of MTA
on PDL cell proliferation are unknown. However,
given that calcium ions are a major component of
MTA, it is quite plausible that the calcium ions released
from MTA may play an important role in cell
proliferation. More recently, Takita et al. (64) demon-
strated that MTA stimulates human pulp cell prolifera-
tion, whereas a calcium hydroxide containing cement
(Dycal, Sybron Kerr, Orange, CA) had no such effect.
They hypothesized that one of the main reasons for the
MTA-induced cell proliferation might be the contin-
uous release of calcium ions from MTA. It was reported
that elevating the calcium level from 1.2 to 1.8 or
2.5mM in a culture medium increases the rate of
osteoblastic cell proliferation by 1.1 and 1.3 fold,
respectively (65).

Cell diffeventintion

The functional competency of a cell is achieved
through differentiation, and the process of cell
differentiation is characterized by the expression of
tissue-specific genes. Bonson et al. (63) showed that
MTA increases the expression of alkaline phosphatase,

osteonectin, and osteopontin genes in PDL fibroblasts.
This suggests that MTA induces bone formation by
stimulating osteogenic cell differentiation. Andelin
et al. (66) reported that rat pulps capped with MTA
formed hard tissue that was immunostained with a
dentin sialoprotein-specific antibody, indicating that
some pulpal cells differentiate to odontoblasts in
response to MTA. However, Koh et al. (67) and
Mitchell et al. (68) reported a more complex mechan-
ism for the potential role of MTA in bone formation.
These studies show that MTA increases the level of
interleukin-6 (IL-6), IL-8, and osteocalcin expression.
Osteocalcin is a bone-specific marker which supports
the role of MTA in osteogenic cell proliferation.
However, 1L-6 stimulates osteoclast formation and
recruitment (69). Therefore, MTA may actually
promote bone turnover by increasing the osteoclastic
and osteoblastic activity.

Alternative materials for perforation
repair in specific indications

An attempt was made to take advantage of the excellent
biological properties of MTA in periodontal regenera-
tive therapy. However, freshly-mixed MTA was washed
out whenever there was significant communication
between the oral cavity and MTA, which has limited its
applications in periodontal procedures. In order to
circumvent this problem, MTA was used in combina-
tion with a bone graft material to repair external
resorption and osseous defects (70). This approach was
successful in reducing the pocket depth without
causing any clinical symptoms.

Another material class, resin-modified glass ionomers
such as Geristore (DenMat, Santa Maria, CA, USA),
may be used for perforation repair, specifically when
there is communication between the perforation site
and the oral cavity. Geristore is a resin ionomer that was
introduced relatively recently to treat perforations and
resorptive defects. Several case studies using Geristore
in perforation sites have reported promising results.
Breaultetal. (71) reported sustained tissue health and a
minimal probing depth at the surgical site when a root
perforation was repaired with Geristore. There have
only been a few studies examining the biocompatibility
of Geristore. Al-Sabek et al. (72) reported that human
gingival fibroblasts attached and spread well on
Geristore, which demonstrates that Geristore might
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be less toxic than IRM (Sybron Kerr) and Ketac-Fil
(Espe, Seefeld, Germany).

Techniques and considerations to
clinically repair perforations

If careful judgement favors retaining the tooth and
repairing the perforation, other factors further influ-
ence the choice of treatment procedure. Good visibility
of the damaged site is essential to achieve the treatment
goals. The microscope is now an indispensable tool to
facilitate the delicate techniques and improves the
management of procedural errors (73). Two factors
appear to be most important in relation to clinical
perforation repair: an appropriate material selection
and the use of a matrix.

Appropriate material selection

As stated before, an important factor in a non-surgical
as well as a surgical perforation repair is to achieve a
fluid-tight seal between the tooth and the repair
material. This can be affected by the location and size
of the perforation, operator skill, and by the physical
and chemical characteristics of the repair material (15).
The choice of restorative repair material is based on the
technical access to the defect, the ability to control
moisture, and aesthetic considerations (16). As pre-
viously discussed, in most cases MTA is the restorative
material of choice. In some specific indications, MTA
has disadvantages and preference should be given to
different materials. The main disadvantage of cur-
rently-available MTA is a setting time of approximately
3 to 4h (42), compromising the application in
supracrestal cases. The possibility of being washed
out during setting time needs to be considered.
Another disadvantage, especially of the gray MTA, is
the potential for discoloration of the treated tooth
(48). Esthetic demands also have to be considered in
the anterior region, especially when treating patients
with a high lip line. Careful consideration is necessary
as to whether the optimal red and white esthetics can
be achieved. The application of adhesive materials can
provide an adequate seal and a faster setting time (74).
To restore subgingival defects, a resin-bonded material
such as Geristore is also recommended. This material
has been shown to be an acceptable material for repair
of root caries and cervical erosions in a number of

42

clinical studies (75-78). However, some authors (79)
have reported the use of MTA in supracrestal areas in
the posterior region.

Use of & matrix

The two main challenges a clinician faces when
attempting to repair a perforation are hemostasis and
the controlled placement of a restorative material.
Most materials used for repair are sensitive to moisture,
frequently compromising the seal of the repair material
and resulting in unfavorable outcomes; controlling
hemostasis is of major importance in achieving a tight
seal. MTA sets in the presence of moisture and blood
does not affect its sealing ability (36). Sluyk et al.
demonstrated that the presence of moisture in
perforations during the placement of MTA increased
its adaptation to perforation walls (80). For that
reason, it is suggested that MTA does not require the
use of an internal matrix when sealing furcal perfora-
tions (5, 80).

As previously mentioned, a perforation can lead to
breakdown of the attachment and the surrounding
bone, which is then replaced by granulation tissue.
Repair of the perforated defect is then complicated by
the fact that the defect allows extrusion of the repair
material into surrounding structures. This usually
occurs during condensation of the filling material into
the perforation side and can cause traumatic injury to
the surrounding periodontal ligament. The extrusion
of repair materials should be expected in cases of
delayed repair compared to immediate repair (81).
During immediate repair of smaller perforations, the
periodontal ligament and surrounding hard tissue will
act as a barrier if it has not been instrumented during
the development of the perforation itself.

Alhadainy & Himel reported a 60% incidence of
extrusion of resin-modified glass ionomer, producing
additional inflammation and a foreign body reaction
(19). The extrusion of material beyond the confine-
ment of the root may preclude success regardless of the
material used (81). In the past, attempts have been
made to control extrusion and to increase the sealing
ability of the repair materials with internal biocom-
patible barriers (17, 82-85). Internal matrices such as
calcium sulphate did prevent extrusion of the material
used for repair into the surrounding area (74, 81, 85).

MTA is known to be biocompatible and to cause new
cementum formation (26, 35, 86, 87) with regenera-
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tion of the entire periodontal apparatus, despite its
extrusion into the periradicular tissues (26, 35), similar
to when used in root-end fillings (25). Arens &
Torabinejad (5) demonstrated that cementum not
only forms in continuance with the existing root
cementum but also attaches itself directly to MTA
even when the material has been extruded into furcal
defects. It has been stated that extrusion of MTA into
the alveolar bone does not pose a problem (26, 35).

In a recent histological study on the healing response
of contaminated perforations repaired with MTA with
or without internal matrices, Al-Daafas & Al-Nazhan
(81) demonstrated that the success rate when using
only MTA (without a barrier) was excellent and
comparable to previous results. The use of calcium
sulphate as an internal matrix with MTA did prevent
extrusion of the repaired material into the contami-
nated perforated area but it caused an unfavorable
inflammatory reaction. When MTA was accidentally
extruded into the interradicular area, deposition of
hard tissue over the material with the presence of
a healthy periodontium was observed. Al-Daafas &
Al-Nazhan concluded that placement of MTA alone
shows a better healing response compared to other
groups, and using calcium sulphate as an internal
matrix for MTA is not recommended (81).

However, several publications have also shown
excellent clinical results with barriers using calcium
sulphate or collagen (88, 89). A variety of resorbable
barriers exist (e.g., collagen, freeze-dried deminer-
alized bone allograft, hydroxy apatite, Gelfoam (Pfizer,
New York, NY, USA), or calcium sulphate) (1, 16); if
the use of a barrier is required, collagen and calcium
sulphate materials are best employed because of ease of
handling, research, and observed clinical results (16).
Collagen, such as Collacote (Sulzer Dental, Carlsbad,
CA, USA), is biocompatible, easy to handle, provides
quick hemostasis (2—5 min), and is resorbable in 10 to
14 days. The material is cut into small pieces and placed
one after the other in the bony crypt until it reaches the
periodontal ligament. As the material will be absorbed,
collagen should stay within the limits of the bone. The
use in conjunction with adhesive dentistry is not
recommended as it adsorbs moisture and contaminates
the restorative interface (16).

Calcium sulphate is biocompatible, has a predictable
haemostatic effect, and is bioresorbable in about 4
weeks (16, 90-93), depending on the density of the
material. It is delivered with a plugger or the MTA Gun

System (Dentsply Maillefer, Ballaigues, Switzerland) to
the bony defect. After the material is set, it is important
to clean the dentinal walls of the perforation, for
example with ultrasonic tips. As it sets hard, it can be
cleaned and used for dentin bonding procedures,
improving the seal (94).

Non-surgical management of perforations
Crown, pulpal floor and furcation areas

The first step is to isolate the defect and provide ideal
visualization. The major difference between coronal
one-third and furcal-floor perforations is the shape of
the resultant root defect. Mechanical perforations that
occur in the furcal floor are generally round whereas
those occurring in the lateral aspects of roots are ovoid
by nature of occurrence (16). Repair of furcal perfora-
tions should be attempted through a non-surgical
intra-coronal approach as surgical treatment can often
lead to loss of periodontal attachment, chronic
inflammation, and furcal pocket formation (5, 33).
Prior to debriding the defect, root canals should be
instrumented to allow proper intra-canal medication
and closure of the orifices. For canal medication,
syringeable calcium hydroxide materials simplify the
procedure. The orifices can be covered with an easily-
removable filling material such as Cavit. Another
option is to use gutta-percha points, paper points or
cotton pellets. The lapse of time between development
of'a perforation and the moment of repair is critical for
prognosis, as previously discussed. Repairing a non-
contaminated perforation immediately in that session
after achieving hemostasis prevents breakdown of the
periodontal attachment. For an older, chronic, and
probably infected perforation, proper cleaning and
preparing is needed before restoring the defect, which
creates greater treatment challenges (16).

Success in the treatment of infected perforations
seems to be attributed to removal of contaminants
before repairing under aseptic conditions (5, 13, 26,
30). If dentin structure must be removed, this can be
accomplished ideally with slight enlargement using
burs or ultrasonic under magnification. Ultrasonic tips
should be the preferred choice, as they are gentler to
the adjacent tissues. In their protocol, Arens &
Torabinejad (5) described further enlargement and
cleaning of the infected perforation and the wound site
with copious irrigation of 2.5% sodium hypochlorite
before placement of the repair material. The use of a
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disinfecting solution such as sodium hypochlorite can
improve antimicrobial interaction and is helpful, but it
should be used carefully, with the awareness of the
increased risk of severe complications (see article by
Hiilsmann et al. in the next issue). In cases of large
lesions, proximity to sensible structures, or to control
bleeding, sterile saline can be advantageous. These
cases frequently present with hyperplastic and hyper-
vascular granulation tissue which protrudes into the
defect; the removal of these tissues is necessary and
sometimes makes hemostasis challenging. The use of
non-specific intravascular clotting agents (e.g., ferric
sulphate: stasis (21% ferric sulphate), Gingi-Pak,
Camarrilo, CA, USA; Astringedent (15.5% ferric
sulphate), Ultradent, South Jordan, UT, USA) com-
monly used to control bleeding should not be used as
these chemicals can irreversibly damage delicate
alveolar bone and delay healing (95, 96). Although
the delay in healing can be prevented by copious
irrigation with sterile saline and adequate curettage of
the defect (97), the use in perforations is not
advantageous. Hemostasis should be achieved using
collagen, calcium sulphate, or calcium hydroxide.
When the bleeding has been controlled, an easily-
removable material should be placed over the entrances
to the deeper portion of the canals, preventing the
repair material from blocking re-access to the apical
terminus (98) if not done prior to cleaning the defect.

The next important factor is the degree of bone
destruction and the resulting defect surrounding the
perforation. If there is no intraosseus defect, no barrier is
needed. In cases with larger osseous defects, the careful
use of a barrier can facilitate proper placement and
adaptation of the filling material as well as prevent
overcontouring. No force should be used to prevent
damage of adjacent vital structures (98). The location of
the perforation dictates different techniques for accessing
and closing the perforation. Supracrestal perforations
require a different approach than most subcrestal
perforations for several reasons. The defects have a
periodontal involvement as they communicate with the
oral environment, so the demands required of the
material used are slightly different than in subcrestal
perforations without periodontal involvement. Generally,
in supracrestal perforations, preference should be given
to adhesive materials and in subcrestal regions, to MTA.

MTA, as the restorative material of choice, is placed
either directly on the bone or on the previously-placed
matrix. The easiest way to apply MTA is to use an
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appropriate carrier (MTA Gun System; MAP-Micro
Apical Placement System, Produits Dentaires SA, Vevey,
Switzerland; Dovgan MTA Carrier, G. Hartzell & Son,
Concord, CA, USA). Pluggers (Schilder-Plugger e.g.
Dentsply Maillefer, Ballaigues, Switzerland) or micro-
spatulas (West Perforation Repair Instruments, Sybron
Endo, Orange, CA, USA) are used for effective
condensation. The technique of ultrasonic activation
i.e., condensation by vibrating MTA into place to achieve
a tight seal, is helpful when placing the material in difficult
anatomical situations. Although ultrasonic activation is
frequently used in this context by clinicians, its benefit has
been not verified in outcome studies (99, 100).

After placing the initial portion of MTA precisely, the
use of a blunt paper point can be helpful in removing
excess moisture and such to solidify the material (98).
Since MTA needs moisture during setting, after
placement is complete, a wet cotton pellet is placed
on top of the material, allowing the MTA to set. For
temporary closure of the access cavity, a tight and solid
seal is necessary, preferably using materials which
increase the fracture resistance of the tooth. Recom-
mendations for placing the final restorations vary from
1 day to 1 week after the repair procedure (5, 26). Sluyk

v' |

Fig.15. Repair of a furcal perforation. The radiograph
demonstrates extended loss of tooth stucture in the furca
after access preparation.
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Fig. 16. Repair of a furcal perforation. After cleaning the
perforation and reparing with MTA, the obturation is
accomplished in a second visit, checking hardness of the
repairing material.

furcal
obturation of the
communications in the canals are visible.

perforation.  After
canals, multiple

Fig.17. Repair of a
thermoplasic

et al. (80) showed that at a time range of 72 h, the
resistance to dislodgement improves significantly. At
the next visit, the material should be checked to
determine if it has set hard and remains positioned in
the perforation site (80). If the MTA has set and
perforation repair has been accomplished, cleaning and

Fig. 18. Repair of a furcal perforation. A 4-year recall
shows complete healing in the furcal region.

shaping should to be finalized, followed by root canal
filling (Figs. 15-18). Immediate adhesive reconstruc-
tion of the tooth provides less possibility for coronal
leakage and strengthens the tooth. Perforations in the
cervical region, especially in anterior teeth with loss of
dentinal structure, weaken the tooth in a strategically
important area. In selected indications, placement of an
adhesively-luted post may be advantageous (101).

Middle one-thivd of the root canal

Tatrogenic perforations in the middle one-third of
roots are generally caused by endodontic files, Gates
Glidden drills, or large, misdirected posts. By nature of
occurrence, these defects are ovoid in shape and
typically represent relatively large surface areas to seal
(16) (Figs. 19-22). Strip perforations are frequent
problems in thin and concave roots (102). The use
of an operating microscope facilitates technically-
demanding treatments in this more restricted area.
Before closing the defect, the original canal should be
instrumented to at least a size that allows accurate
protection of the canal, thus preventing blockage.
Ideally the canal is instrumented as close to final
apical size and shape as possible. Caution is necessary to
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Fig.19. Repair of perforations in the middle third. Fig.21. Repair of perforations in the middle third. The
The perforation in this case occurred during post- two perforations in the mesial root of the lower molar
preparation. occurred during instrumentation.

Fig.22. Repair of perforations in the middle third. A 6-
Fig. 20. Repair of perforations in the middle third. A 3- month recall shows lack of inflaimmation in the
year recall shows resolution of the osseous defect. perforation area.
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place instruments in the original canal and not the
perforation. This is facilitated by pre-bending root
canal instruments and ensuring good visibility of the
defect. For closure, basically two techniques can be
recommended. After initial 3-dimensional obturation
of'the canal apical to the perforation, the defect and the
rest of the canal can be obturated with MTA. The
disadvantage of this technique is the potential extru-
sion of obturation material into the perforation.

The other option is to use a ‘space-maintainer’ after
hemostasis has been achieved. After the final canal
shape is almost accomplished, some material is then
placed into the canal and used to maintain patency and
the original canal outlines. It must be placed deeper
than the perforation. That way, almost no instrumen-
tation is required after perforation repair and when the
material is set, thus minimizing the risk of disturbing
the seal. Different materials can achieve that goal. Roda
& Gettleman (98) recommend the use of a severed file,
which prevents canal blockage and can be used as an
indirect carrier for transmitting ultrasonic energy to
the MTA when attempting to achieve good adaptation.
This can be helpful when direct condensation is
difficult or not possible.

Another technique using a space maintainer is to fit a
gutta-percha cone into the canal and melt it with heat
to the dentinal wall of the root. The gutta-percha point
should be placed against the canal wall opposing the
perforation so that proper application of the repair
material is possible. MTA is then placed at the level of
the defect and condensed by hand or with ultrasonic
activation of the condensing instrument.

When a file was used as a space-maintainer, it needs to
be loosened with careful manipulation after finishing
the repair procedure so that it can easily be removed
after the MTA is fully set. Closure of the access cavity
should be accomplished as previously mentioned.

Apical one-third root canal

Perforations occurring in the apical one-third of roots
primarily result from breakdowns that occur during
cleaning and shaping procedures (16). Management of
these perforations is quite difficult: access is limited and
therefore finding, negotiating, cleaning, shaping, and
obturating the frequently-blocked and ledged original
canal provides a challenge. If the canal can be located
and instrumented, obturation can be accomplished
with gutta-percha and sealer (Figs. 23 and 24). This

“DAE

Fig. 23. Repair of perforations in the apical third. In this
case, lack of apical control caused an apical perforation.

Fig. 24. Repair of perforations in the apical third. As the
perforation was small in this case and apical control
achievable, the perforation repair was done with a warm
vertical compaction technique.
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Fig. 25. Repair of perforations in the apical third. The
overextension of filling material in this case is in close
proximity to the mandibular canal.

Fig.26. Repair of perforations in the apical third. A
1-year recall shows that the apical perforation in the distal
root was extensive and obturated using MTA for
perforation repair and a warm vertical compaction
technique for the mesial root.
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approach is advantageous when the perforation tends
to be small or behind a curve and the handling of MTA,
even with ultrasonic vibration, is difficult. MTA is the
material of choice, especially when it is hard to dry the
canal. Sometimes it can be helpful to place a pre-bent
file into the original canal, which stays as a space
maintainer. After MTA is placed in the perforation site,
the file must be loosened before MTA sets in order to
be able to negotiate the original canal in the next visit.
MTA can also be used to fill the perforation and the
original canal (Figs. 25 and 26). Apical perforations
cannot be managed successfully in all cases and apical
surgery or extraction of the tooth may sometimes be
better options for a stable outcome (98).

Surgical management of perforations

In the past, perforations were often managed surgically
but in recent years, non-surgical perforation repair (1)
has been facilitated by the use of improved magnifica-
tion and illumination, providing better visualization
and access to the defect. Currently, a non-surgical
approach is indicated whenever possible. Surgical
intervention is reserved for cases not amenable to, or

o
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Fig.27. Repair of perforations using a surgical approach.
The radiograph of tooth 23 does not allow the diagnosis
of an apical perforation.
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Fig. 28. Repair of perforations using a surgical approach.
After surgical access, the buccal perforation becomes
obvious.

Fig. 29. Repair of perforations using a surgical approach.
The obturation material is protruding into the
periradicular tissues.

which have not responded to, non-surgical treatment,
or in which the concomitant management of the
periodontium is indicated (18). Apical perforations
especially complicate conventional instrumentation
and obturation of root canals. Surgical repair of root
perforations has been performed by reflecting a flap at
the perforation site and packing a repair material into

Fig. 30. Repair of perforations using a surgical approach.
After careful resection of the root to the peforation area,
an apical retrofilling with MTA was placed.

-

Fig. 31. Repair of perforations using a surgical approach.
The post-operative radiograph shows the difficulties in
this case due to lack of space for an adequate apical
retrofill.
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the cleaned and usually mechanically-prepared defect
(74) (Figs. 27-31). Surgical intervention may also be
needed in the treatment of a perforating resorption.
Internal resorption is characterized by resorption of
radicular dentin by clastic cells originating from the
pulp (103). A communication between the pulp space
and the periodontal structures can occur as a result of
an extensive resorptive process if it has been given an
adequate time (74).

Andreasen stated that the progression of internal
resorption depends on vital tissue (104). Thus
immediate root canal treatment with the removal of
blood supply to the clastic cells would be the only
treatment necessary for cases without external perfora-
tion (105). However, the complex irregularities of the
root canal system, especially in internal resorption
defects, pose technical difficulties for the thorough
cleaning and obturation of the root canal (106). The
persistence of organic debris and bacteria in these
irregularities may interfere with the long-term success
of the endodontic treatment (107). Treatment of a
perforating internal resorption calls for using either
surgical correction techniques or calcium hydroxide
or another suitable material in an effort to form a

Fig. 32. Repair of a perforating internal resorption using
a surgical approach. In this case, an ideal seal through the
orthograde approach was not achievable, so a combined
treatment was accomplished.
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Fig. 33. Repair of a perforating internal resorption using
a surgical approach. After surgical access, the extended
resorption defect is visble.

Fig. 34. Repair of a perforating internal resorption using
a surgical approach. After cleaning the resorption area,
negotiation, and shaping the original canal, a gutta-
percha point is placed as a ‘space-maintainer’.

hard tissue matrix against which a permanent root
canal filling is condensed (108). Benenati (109)
reported a case with a perforating internal resorption
and, despite calcium hydroxide therapy for 10 months
and clinical inspection, there was overextension of the
filling material. If the resorption repair is surgically
accessible, the combination of non-surgical and
surgical interventions may provide a more favorable
outcome (Figs. 32-37).

Clinical outcomes

A number of case reports have demonstrated consistent
healing of perforations treated with MTA (5, 24, 48,
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Fig. 35. Repair of a perforating internal resorption using
a surgical approach. The resorption defect is restored with
MTA.

Fig. 36. Repair of a perforating internal resorption using
a surgical approach. After the MTA had set, the ‘space-
maintainer’ was removed and cleaning, shaping, and
obturation of the canal was completed.

79, 88, 89, 105, 106, 110). The results reported with
MTA are promising and support the use of this material
for root perforation repair. Main et al. (24) showed 16
cases with normal tissue architecture adjacent to the
repair site independent of the location of the defect at
the recall visit. Teeth with existing lesions showed
resolution of the lesion, and teeth without pre-

Fig. 37. Repair of a perforating internal resorption using
a surgical approach. A 3-year recall shows no sign of
inflammation.

operative lesions continued to demonstrate absence
of lesion formation at the recall visit. In a prospective,
observational cohort study with 4 to 6 year recall
(Phases 1 and 2 of the Toronto Study), the outcome in
teeth with pre-operative perforation was significantly
worse than without (7). Healing occurred in only 42%
of the teeth with perforations. Most of the perforations
were infected and the results were consistent with
previous studies.

Most of those defects were repaired with resin-
modified glass ionomer cement. In further phases of
the project, the repair protocol was changed and
perforation defects were repaired with MTA. Collect-
ing the pooled data from phases 1 to 4, the prognosis is
still clearly affected by the presence of a perforation
(56% vs. 87% healing). Using data from phases 3 and 4,
where all 4 teeth with perforations were repaired with
MTA, all cases showed healing. Possibly, the addition
of subsequent phases of the Toronto Study (in which
MTA has been exclusively used) might further reduce
the impact of pre-operative perforations on the out-
come of orthograde re-treatment (12).

In conclusion, root perforations are severe complica-
tions which lower the prognosis of endodontic
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procedures. Treatment can be challenging and some-

times requires certain creativity. MTA seems to be an

excellent and promising material for the repair of

perforations. More research is needed to evaluate

clinical procedures and outcomes in human subjects.
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