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ABSTRACT:

Pulp necrosis is one of the main complications of dental trauma. When it happens on
an immature tooth, pulp necrosis implies a lack of root maturation and apical closure. It is
challenge to successfully treat the teeth with immature root development, necrotic pulps,
and apical periodontitis. This condition can be treated by providing an artificial calcified
apical barrier to allow for optimal filling or obturation of the canal, and by reinforcing the
weakened root canal walls against fracture. This therapy is called apexification. Many
materials can be used to treat these type of cases like Calcium Hydroxide, Portland Cement
and Mineral Trioxide Aggregate. Disadvantage of calcium hydroxide is very long treatment
time, the possibility of tooth fracture, and incomplete calcification of the bridge. Use of an
apical plug for open apices has gained popularity in recent years, employing mineral trioxide
aggregate for optimal results. We report a case series wherein Mineral Trioxide Aggregate
(MTA) materials used to induce root-end closure by two stage apexification procedure in
necrotic permanent immature incisors.
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INTRODUCTION: Complete asepsis and three dimensional
obturation of the root canal system are
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crucial for long term endodontic success.
One of the aims of root canal treatment is
to fill the root canal system totally to
prevent re-infection. When an infected or
traumatized immature tooth associated
with vital pulps, the clinical treatment is
to preserve normal pulp tissue by
traditional apexogenesis or recent
alternative revascularization to allow
complete formation of the root.[*=3!

In teeth with defective root development
as a consequence of pulp necrosis through
trauma or caries, the absence of a natural
constriction at the end of the root canal
creates control of filling materials tricky.
A completion of the root filling may be
facilitated by inducing a hard tissue apical
barrier for those teeth with non-vital
pulps. There have been many attempts to
achieve an apical barrier for the
incompletely formed apex.

When teeth with incomplete root
formation suffer pulp necrosis, the
formation of dentine stops, and root
development ceases. Consequently, the
canal remains large, with thin and fragile
walls, and the apex remains open. These
features make instrumentation of the
canal difficult and hinder the formation of
an adequate apical stop.?!

Because of the lack of an apical
constriction, an alternative to standard
root canal treatment, apexification or
root-end-closure, has been advocated.!!
For that reason, one of the aims of
endodontic treatment is to form an apical
barrier or a stop against which one can
place root canal filling material avoiding
overextrusion.!

According to American Association of
Endodontics, Glossary of Endodontics
Terms apexification can be defined as a
method to induce a calcified barrier in a
root with an open apex or the continued
apical development of an incompletely
formed root in teeth with necrotic
pulps.®

The essence of this treatment approach
lies in the expedient cleaning and shaping
of the root canal system, followed by
replacement of an apical seal with a
material that is amenable to tissue healing
and regeneration.[”®  Obtaining an
optimal apical seal in teeth with immature
apices is a challenge because the wide
apical foramen requires a large volume of
filling material that may extrude into the
periradicular tissue initiating the foreign-
body reactions.!

Clinicians have tried several materials to
form apical barrier in the past. These
include, calcium hydroxide powder,
calcium hydroxide mixed with different
vehicles, collagen calcium phosphate,
osteogenic protein, bone growth factor
and oxidized cellulose. Deliberate over
instrumentation to produce blood clot
that will induce apical closure has also
been described.!1

The maximum advocated medicament for
apexification has been Ca (OH), (calcium
hydroxide).®1%12l Calcium hydroxide has
been the first choice material for
apexification,® with repeated changes
over the course of 5-20 months to induce
the formation of a calcific barrier.[*% The
unpredictable and often lengthy course of
this  treatment

modality  presents
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challenges, including the vulnerability of
the temporary coronal restoration to re-
infection.!'¥)  Even though the clinical
success rates for Ca(OH); apexification is
high, complications like risk of re-infection
and root fracture has gradually turned
clinician toward the use of alternative
material such as mineral trioxide
aggregate (MTA) as an apical barrier.[1>17]

Mineral trioxide aggregate (MTA) was
developed at Loma Linda University as
material.  MTA
apexification in single visit is

root end filling

advantageous over traditional calcium
hydroxide apexification which requires
treatment time of 5-20 months to induce
the formation of a calcific barrier.[18]

Special placement techniques, using
manual, % ultrasonic 29 or ultrasonic-
assisted hand delivery for MTA 21 have
been suggested to minimize extrusion of
the material. Despite this, difficulties in
delivering and filling the canal with MTA
material from an orthograde direction
have been reported.[**22 While positive
clinical outcomes from one-visit MTA
apexification have been reported 232 jn
complete closure of the immature apex
was observed in the case of overfilling.[20]

Mineral trioxide aggregate (MTA) has
been recommend as a material suitable
for one visit apexification,[17.27.24 as it
combines biocompatibility,282°! and a
bacteriostatic action,3% with favorable
sealing ability when wused to repair
root/pulp chamber perforations 3% 321 or
as root-end filling material.3% 34 which
stimulates cell growth, adhesion and
proliferation.[3°!

Apexification using MTA has other
advantages like it neither gets resorbed
nor weakens the root canal dentin and
also sets in wet environment. Satisfactory
compaction of filling material can be
achieved as MTA forms hard and non
resorbable apical barrier.3® Successful
outcome of MTA apexification has been
reported.i37]

MTA apexification may be carried out as a
one- or two-visit procedure and lessen the
need for extended period of dressing with
Ca (OH)z. This technique has advantage of
immediate restoration and reduces the
potential of catastrophic, vertical or
oblique root fracture that often affects
such teeth.38!

MTA offers a barrier at the end of the root
canal (so called apical plug) in cases with
necrotic pulps and open apex teeth [7]
that permits vertical condensation of
warm gutta percha in the root canal.

The aim of this report was to present the
short-term follow-up results in two
different patients with nonvital pulps and
open root apices which were managed
with an MTA apical plug technique.

CASE DETAIL:
CASE: 1

A 16 year old female patient with non
contributory medical history came to
Govt. Dental College and Hospital,
Ahmedabad with chief complaint of dull
pain, continuous type and pus discharge
in the upper front tooth region of the
mouth  since 3 months.  Clinical

examination revealed discolored left
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maxillary central incisor was associated
with a sinus opening in the attached
gingival on the facial aspect. Tooth was
tender on percussion and failed to
respond to cold and electric pulp testing.
No periodontal pocket was pocket. No
intra oral or extra oral swelling was seen.
On Intra Oral Periapical (IOPA) view of #21
a wide open, incompletely formed apex
surrounded by a diffuse radiolucent lesion
with a wide-open apex and a diffuse
periapical radiolucent area in relation to
maxillary  central incisor. [fig. 1]
Provisional diagnosis was established of
open apex with necrotic pulp and chronic
periapical abscess in relation with #21.

Because of owing to favorable periodontal
condition conservation of #21 with
closure of open apex with MTA after
Ca(OH)2 dressing followed by root canal
treatment was considered. Access
opening was done and working length was
taken with radiograph and electric pulp
testing (Root ZX II, J. Morita). [fig. 2]
Cleaning and shaping was done with
intracanal instruments and copious
passive irrigation was done with 3 %
NaOCl and normal saline (0.9% w/v).
Canal was dried with sterile absorbant
paper points. Calcium hydroxide was
given for 15 days. [fig. 3] On follow up visit
dressing was removed, and canal was
irrigated then dried. For creating
periapical barrier small piece of
resorbable collagen (Surgicel, Johnson &
Johnson, USA) were condensed beyond
canal apex. After application of collagen,
white MTA-Angelus (Angelus, Londrina,
PR, Brazil) powder was mixed with sterile
water, to a soft paste consistency. Angelus

MTA was delivered in the apical third of
the canal (4-5 mm average) using an MTA
carrier and modified pluggers. A
radiograph was taken to determine the
correct placement of cement. [fig. 4]
Cotton pellet moistened with sterile water
was placed in the pulp chamber and the
access cavity was filled with temporary
filling material. Patients were instructed
to return next day & the obturation was
completed using Thermo Plasticized Gutta
Percha (Obtura IlI). [fig 5] Coronal part of
pulp chamber was sealed with light cured
micro hybrid composite (Tetric N Ceram,
Ivoclar  Vivadent). Post  operative
radiograph was taken to confirm
satisfactory root canal filling.

At six months follow up, clinical and
radiographic examination was done.
Radiograph showed reduction in the size
of the periapical lesion.[fig. 6]

CASE 2:

A 20 year male patient with non
contributory medical history came to
GDCH, Ahmedabad with a chief complaint
of pain and discolored tooth in upper
front region of mouth. Patient gave
history of trauma before 10 years. On
clinical examination, maxillary central
incisor was discolored. Patient was
undergoing orthodontic treatment for
malocclusion. There was sinus present in
the apical region of the tooth. On
percussion the tooth was tender on
percussion failed to respond to cold and
electric pulp testing. No intra oral or extra
oral swelling was seen. Periodontal pocket
of 10 mm was measured with William’s
probe. Radiographic examination shows
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that an immature maxillary central incisor
with a wide-open apex and a periapical
radiolucent area. [fig. 7] Provisional
diagnosis of open apex with necrotic pulp
and chronic apical periodontitis was
considered.

Patient was notified about the
condition of his tooth and treatment plan
of apical plug with MTA followed by root
canal treatment. Access opening was
done with no #1 and #2 round burs.
Working length was established with
radiograph and apex locator (Root ZX 1, J.
Morita) [fig. 8].
preparation was

Biomechanical
completed  with
intracanal instruments and copious
passive irrigation was done with 3 %
NaOCl and normal saline (0.9% w/v).
Canal was dried with sterile absorbant
paper points. Calcium hydroxide was
given for 15 days. [fig. 9] On next visit,
dressing was removed, and canal was
irrigated then dried. For creating
periapical barrier small piece of
resorbable collagen (Surgicel, Johnson &
Johnson, USA) were condensed beyond
canal apex. After application of collagen
matrix, white MTA (Angelus, Londrina,
PR, Brazil) powder was mixed with sterile
water, to a soft paste consistency. MTA
was delivered in the apical third of the
canal (4-5 mm average). An IOPA was
taken to determine the correct placement
of cement. [fig. 10] One cotton pellet
moistened with sterile water was placed
in the pulp chamber and the access cavity
was filled. Patient was recalled on next
day & the obturation was completed using
Thermo Plasticized Gutta Percha (Obtura
). [fig. 11] Access cavity was sealed with

light cured micro hybrid composite (Tetric
N Ceram, Ivoclar Vivadent). IOPA was
taken to confirm proper root canal filling.

On twelve month follow wup Vvisit,
radiographic examination showed healing
of periapical radiolucency. Clinically
pocket was in normal limits. [fig. 12]

DISCUSSION:

Apexification treatment is assumed to
create an environment to allow
deposition of cementum, bone and
periodontal ligament to continue its
function of root development. The
objective of this treatment is to obtain an
apical barrier to prevent the passage of
toxins and bacteria into periapical tissues
from root canal. Officially this barrier is
necessary to allow compaction of root
filling material.[18 361

In such teeth, the outcome of
conventional gutta-percha fillings would
be uncertain, whereas MTA has the
potential to provide predictable results.[3!

The age of both patients was bigger than
11 years, i.e. beyond the predictable age
of complete root formation in maxillary
incisors. At the first visit, medication with
calcium hydroxide was required during a
time gap of 14 days in order to obtain a
dry canal. It can be believed that the very
large preoperative apical lesion would
need a longer period of time to heal.

In both of the cases, only one intracanal
medication with calcium hydroxide was
performed before the canal was dry and
ready for filling. The use of calcium
hydroxide is still contentious. Study
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showed that remains of calcium hydroxide
that remain on the canal walls had no
significant effect on MTA leakage or
displacement resistance.[??]

In spite of higher success rate of apical
barrier formation using calcium hydroxide
long term follow-up is essential. Previous
studies have described the disadvantages
of calcium hydroxide apexification such as
failure to control infection, recurrence of
infection and cervical fracture.?*

Calcium hydroxide for apexification
requires compliance from the patient and
will require many appointments over a
period of time ranging from 3 to 24
months during such long follow-up period
the immature tooth is prone to fracture or
re- infection.*® Long term calcium
hydroxide has also been reported to
weaken the root structure.[*!

On the contrary, researchers suggested
that remnants of calcium hydroxide on
the canal walls may react to form calcium
carbonate, and interfere with the seal
produced.*? In the present work,
complete removal of calcium hydroxide
from the canal walls was accomplished by
alternate irrigation with NaOCl 3% and
EDTA 17%.142

MTA has good biological properties [43 44
and stimulates repair ! a major
achievement over calcium hydroxide
would the reduction in treatment time,
because with its use apexification can be
done in a single sitting.

Mineral trioxide aggregate as an
apexification material represents a

primary  monoblock.  Appetite like
interfacial deposits form during the
maturation of MTA result in filling the gap
induced during material shrinkage phase
and improves the frictional resistance of
MTA to root canal walls. The formation of
nonbonding and gap filing appetite

crystals also accounts for seal of MTA.[17]

In teeth with necrotic pulps and open
apices, the irregular dentinal walls and the
divergent apices make the adaptation of
MTA more difficult. Scientists suggested
from their laboratory study that hand
condensation resulted in better
adaptation and fewer wvoids than
ultrasonic compaction.*®! According to
studies, the type of intracanal delivery
technique may contribute to the final
success of treatment in one Vvisit

apexification.*”]

In the current study, the MTA apical plugs
were placed by a standardized hand
condensation technique in all cases. The
apical plug created with MTA can be
interpreted as an artificial barrier to
condense the subsequent root canal filling
material, in order to prevent reinfection
of the canal system. Some authors have
postulated that possible leakage of MTA
could be influenced by the thickness of
the apical plug. A recent study reported
that the orthograde use of MTA provided
an adequate seal against bacterial
infiltration regardless of the thickness of
the apical plug.l*8l

Studies show that the thickness of the
apical pug may have a significant impact
only on displacement resistance.??! In the
current case report, the thickness of the
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MTA apical plug varied from 3 mm to 5
mm. In teeth with a short root canal the
thickness of the apical plug was reduced
to 3 mm to allow for the succeeding filling
of the more superficial portion of the
canal with resin materials. Based on the
results of this investigation, the
nonsurgical management of teeth with
necrotic pulps and incomplete apex
formation with MTA was successful. 5mm
barrier is significantly stronger and shows
less leakage than 2mm barrier.[8]

However, recent statistics suggest that
the combination of MTA and calcium
hydroxide in apexification procedures may
favorably influence the regeneration of
the periodontium. 8]

It must be further emphasized that ortho-
grade delivery placement of the apical
plug is more technique sensitive than the
retrograde method. Study showed that
when MTA was used as a root-end filling
material and condensed against a physical
barrier, the sealing ability was superior to
when MTA was used as an orthograde
apical plug.??
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FIGURES:
CASE 1:

Fig 1: Pre Operative Fig 2: Working Length

Fig 5: After Obturation Fig 6: 6 month Follow up
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CASE 2:

Fig 8: Working Length

Fig 9: Ca(OH)2 Dressing Fig 10: Apical Plug with MTA

Fig 11: After Obturation Fig 12: 12 Month Follow Up
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