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Apexification of iImmature teeth
using an apical matrix and MTA
barrier material: Report of two
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ABSTRACT

Apexification is defined as a method to induce a calcified
barrier at the root tip of a tooth with an open apex or
to encourage the continued apical development of an
incomplete root in teeth with necrotic pulps. Two case
reports are presented in which teeth with large open
apices and immature roots were clinically managed
by placing demineralised freeze-dried bone allograft
(DFDBA) as a matrix before placement of Mineral Trioxide
Aggregate (MTA) as an apical barrier. The indications for
and advantages of using DFDBA and MTA are discussed.

INTRODUCTION

The field of endodontics poses numerous challenges,
amongst which is the management of the immature tooth
with incomplete root development.'? In these situations,
the absence of a natural constriction at the end of the
root canal makes control of obturation materials difficult.®
Root canal rehabilitation is a significant challenge, be-
cause of the size of the canal, the thin and fragile dentine
walls and the large open apex. Other challenges include
instrumentation techniques, correct length determination
and adequate irrigation. There is also a high risk of root
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fracture and it has traditionally been considered that teeth
with incomplete root development and wide open apices
have poorer prognoses and even the best endodontic
treatments have a high possibility of failure.!2#

Apexification is a method aimed at inducing a calcified
barrier at the root tip of a tooth with an open apex or
encouraging the continued apical development of an
incomplete root in a tooth with a necrotic pulp.® Apart
from allowing compaction of the obturation material, the
goal of this treatment includes obtaining an apical barrier
to prevent the extrusion of toxins and bacteria into the
periapical tissues from the root canal. The procedure of
chemically or mechanically creating an apical barrier is
therefore defined as “apexification”.®

Several materials — including calcium hydroxide paste,
calcium hydroxide powder and other alternatives — have
been used in the past in an effort to create the apical
barrier.”"® Attempts have also previously been made to
utilize a mixture of materials and chemicals in an effort
to stimulate apexification and natural root closure.'® Ham
et al. (1972) treated immature pulpless teeth in monkeys
by cleaning and shaping with endodontic instruments
beyond the root apex in an effort to induce bleeding to
allow the formation of a blood clot in the hope of stimulating
natural root closure.'” Traditionally, the material of choice
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has been calcium hydroxide to stimulate the formation of
the apical barrier, but the procedure involves numerous
appointments and the treatment phase regularly extends
over six months.'®® Major disadvantages of prolonged
contact with calcium hydroxide is that a significant
decrease occurs in the intrinsic properties of exposed
dentine and that immature roots become more susceptible
to vertical root fractures.'®

The development of MTA provided a breakthrough in
the field of endodontics and offered a most acceptable
substitute for calcium hydroxide in the creation of an
apical barrier. This material has advantages which include
reduced chair time, a favourable outcome in the healing of
periapical lesions and resolution of clinical symptoms.20-2%

In certain scenarios, an apical matrix is needed to provide
sufficient resistance for the apical compaction of MTA and
to avoid extensive overfill of the material. Bio-resorbable
demineralised bone matrix (DMBM) is the protein
component of bone and can be considered as a viable
material from which to create the apical plug. DMBM has
been widely used in other disciplines of dentistry in the
treatment of periodontal and maxillofacial bone defects.
Histological studies have shown favourable healing of
bone and neighbouring periodontium when demineralised
bone was used in the treatment of periodontal defects.?+%
The osteo-conductive potential of this material makes it
suitable for the creation of the apical barrier before MTA
placement.

This article presents two detailed case reports on the use
of a novel matrix such as DFDBA prior to placement of
MTA as an apical barrier.

CASE REPORT 1
A 21-year-old male complaining of discomfort on his
upper right central incisor received emergency root canal
treatment at a Dental Clinic and was then referred to the
Department of Operative Dentistry at Sefako Makgatho
Oral Health Centre, Ga-Rankuwa, South Africa. The
patient presented with an
uncomplicated medical
history. A history  of
dental trauma was noted
but the exact date was
unknown. On examination
discolouration of the
upper right central incisor
was noted and a draining
fistula was observed on
the buccal mucosa in the
region of the apex of the
tooth. Slight tenderness
was elicited on palpation
around the apical region.
On thermal stimulation, no
response was recorded.
Thetooth was diagnosed as
presenting with a necrotic

Figure 1: Pre-operative radiograph
showing an incomplete root closure,
open apex and a large periapical
lesion

pulp and a periapical
chronic  abscess. The
pre-operative radiograph
revealed an incomplete
root closure, open apex
and a large periapical
lesion (Figure 1).

Two treatment possibilities
were offered to the patient:
the revascularisation pro-
cedure or non-surgical en-
dodontics with an apexifi-
cation using MTA (ProRoot
MTA, Dentsply Sirona,
Switzerland) and DMBM.
Consent was obtained for
the latter option after a
detailed discussion with
the patient, and based on
the predictability of the
procedure. A rubber dam
was placed and an access
cavity was prepared. Once
the canal was opened, no
drainage could be ob-
served, but a pervasive
necrotic odour was not-
ed. Length determination
was accomplished using
Machtou pluggers (Denst-
ply Sirona) and estimated
at 19,5 mm with the incisal
edge as a reference point
(Figure 2).

il [ I B ...,!
Figure 2: Length determination using
a Machtou plugger

Figure 3: Calcium hydroxide paste
(Calacept Plus) and temporary Ketac
was Molar restoration

The root canal
chemically disinfected

with 3.5 % sodium hypochlorite, excess fluids from the
root canal were removed with paper points and an intra-
canal medicament of calcium hydroxide paste was placed
(Calasept Plus, Nordiska Dental, Sweden) (Figure 3).

The tooth was sealed with Ketac Molar (3M ESPE) as a tem-
porary restoration and post-operative instructions were pro-
vided. The patient was scheduled for his next appointment
four weeks later.

On the second visit, it was noted that the draining fistula
had disappeared. The patient reported no symptoms.
No drainage from the canal was visible and the intra-
canal medicament was removed by irrigation with 3.5%
sodium hypochlorite. Chemicals and excess fluids
were removed from the root canal with paper points.
A mixture of DFDBA (Osseograft TM, Advanced Biotech
Products) (Figure 4) and sterile water was prepared.
The mixture was placed in the coronal portion of the root
canal and manipulated apically and beyond the apex with
the Machtou pluggers, ensuring that an apical plug was
established at the working length with resistance sufficient
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to create a proper barrier for MTA. Visual accuracy was
enhanced by the use of the Dental Operating Microscope
(DOM). A small quantity of white MTA (Dentsply Sirona) was
placed in the canal and moved apically with the use of large
paper points and Machtou pluggers (Denstply Sirona). The
decision was then made to fill the complete root canal
space with MTA (Figures 5a and b).

At a follow-up consultation and evaluation four weeks later,
it was observed that there was no visible swelling, there
were no clinical symptoms on percussion and palpation
of the tooth, and no mobility could be demonstrated. The
patient was re-scheduled for an eight-month follow-up at
which time notable bone healing with a reduction in di-
ameter of the periapical lesion was seen (Figure 6). On a
12-month post-operative follow-up visit, examination of a
periapical radiograph confirmed clear signs of bone healing
and reduction of the large apical radiolucency (Figure 7).

Figure 6: Periapical radiograph at the Figure 7: Periapical radiograph at the
8-month follow-up visit 12-month follow-up visit
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Figure 8: Pre-operative radiograph
showing an incomplete root closure,
open apex and a small periapical lesion

Figure 9: Radiographic confirmation
of the working length using a
Machtou plugger connected to an
electronic apex locator

CASE REPORT 2

A 17-year-old male presented in private practice with a his-
tory of previous dental trauma to his maxillary right central
incisor about nine years previously. A pre-operative peri-
apical radiograph revealed incomplete root closure asso-
ciated with a wide-open apex and a large periapical lesion
(Figure 8). After placement of a rubber dam an access
cavity was prepared. Length determination was accom-
plished using Machtou pluggers (Denstply Sirona) and
an electronic apex locator (Pixie Electronic Apex Locator,
Dentsply Sirona). The working length was confirmed ra-
diographically (Figure 9).

Remnants of the root canal contents were removed with
Profile 04/90 instrument (Dentsply Sirona) before the canal
was chemically disinfected with pre-heated (approximately
55 degrees Celsius) 3.5 % sodium hypochlorite for five
minutes. Calcium hydroxide paste was placed (Ultracal,
Ultradent, Utah, USA) as an intra-canal medicament.

At the second visit, two weeks later, the medicament was
removed by activating 3.5 % sodium hypochlorite with
an Endo-Activator (Dentsply Sirona). Excess fluids were
removed from the root canal using ISO size 100 paper
points under DOM magnification. A mixture of DFDBA
(Osseograft TM, Advanced Biotech Products) (Figure 4)
and sterile water was prepared at the chairside. The mix-
ture was placed in the coronal portion of the root canal
and then manipulated apically and beyond the apex with
the Machtou pluggers under the DOM, until resistance
was felt at the point of the predetermined working length.
White MTA (Dentsply Sirona) was then mixed according
to the manufacturer’s instructions and dispensed into the
canal with the use of the Micro-Apical Placement System
(MAP) system (Dentsply Maillefer). The dispensed MTA was
moved apically against the apical matrix using the Mach-
tou pluggers. A plug of approximately 3mm was created
against the matrix in the apical part of the root canal and
placement was checked radiographically (Figure 10). An-
other 2mm of additional MTA was packed in to create a
5mm apical plug before the canal was obturated with Pulp
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Canal Sealer (Kerr Corporation, Orange, Ca, USA) and
warm gutta-percha dispensed from an Obtura Il unit
(Obtura Spartan, IL, USA)(Figure 11).

The patient attended an eight-month follow-up visit
when the tooth was permanently restored. A peri-
apical radiograph showed complete apical healing
(Figure 12).

DISCUSSION

In both cases, calcium hydroxide was used as an
intra-canal medicament to achieve sterility in the
root canal systems. It appears that a maximum
period of up to four weeks is clinically acceptable
before structural changes can be seen in the root
dentine, which could lead to an increased suscep-
tibility to fractures of the prepared roots.'®?® It has
been shown that time is needed for hydroxyl ions
to diffuse from the inner- to the outer dentine sur-
face in order to reach an appropriate pH level.?” A
risk of root fracture does, therefore exist with longer
periods of calcium hydroxide as an intra-canal anti-
bacterial medium.'®

In the past, DFDBA material formed a decisive part
of treatment approaches when an periodontist was
confronted with periodontal bone defects. This
approach has resulted in a proven reduction of
clinically unacceptable periodontal pocket depths,
with accompanying increased stability of the tooth
and enhanced health of clinical attachment and
the neighbouring periodontium.?¢2® These studies
further reported that radiographs taken at follow-up
consultations demonstrated healing in the affected
areas with the periapical pathology showing signs
of resolution. An additional benefit of using freeze-
dried demineralised bone is that it serves as an
osteoconductor and even has the potential to
induce bone formation.?>% |t could be speculated,
but not yet proven, that it might have played a role in
stimulating bone healing in our case but its primary use
was to form a mechanical barrier for the placement and
condensation of MTA. In the treatment option adopted
in this case, the DFDBA provided sufficient resistance to
withstand vertical compaction of MTA without accidental
overfill of MTA into the periapical area. The decision was
made to avoid further extrusion of bone particles once
adequate resistance was encountered rather than forcing
more particles beyond the apex and risking damage to the
root canal walls.

The use of MTA in the apexification procedure provides
an excellent treatment option in the management
of teeth that present with incomplete root and apex
formation and has the advantage of reduced chair time.
Calcium hydroxide, by comparison, requires a number of
appointments to stimulate barrier formation.'®'® Apatite-
like interfacial deposits can be observed in the maturation
phase of MTA, very similar to a primary monoblock. The
deposits fill any possible voids encountered during the

A

Figure 10: Periapical radiograph
showing the apical barrier and the
3mm apical MTA plug

igure

Figure 11: Periapical radiograph of the
immediate postoperative result

setting/shrinkage phase and
also increase the frictional
resistance between MTA and
the root canal walls. It can be
speculated that the formation
of these apatite deposits is
responsible for the superior
seal created by MTA when it
is used as a regular obturation
material  during  standard
root canal treatment and
for the repair of root canal
perforations.®

The numerous additional ad-
vantages offered by MTA in-
clude superb biocompatibility,
a biologically acceptable seal
and reduced cytotoxicity com-
pared with alternative materials used in the treatment of
the pulp.®? It has been advocated that a minimum bar-
rier of approximately 5mm MTA is needed to guarantee
strength and reduce micro-leakage. It could be argued
that the affected tooth in case report One above could
then have been treated with an apical MTA barrier of 5mm
and standard obturation with gutta-percha in the remain-
ing coronal part of the root canal. It has been shown that
obturation with gutta-percha does not increase resist-
ance to root fractures, which may occur even with low
forces.®® A review study conducted by Bogen and Kuttler
in 2009 concluded that the use of MTA to obturate the
complete root canal system might ultimately increase the
long-term prognosis and retention of the tooth compared
with the use of conventional obturation methods in con-
ventional and complex therapies.®*

. Periapical radiograph at the
8-month follow-up visit showing good
apical healing

The results obtained in these clinical case reports
suggest that there are clear advantages in the single-visit
apexification procedure in the management of large open
apices in trauma-affected teeth.
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