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If dental pulp injury occurs prior to complete root formation and apical closure, normal root development is halted. This
condition produces several complications. Firstly, the apical diameter of the canal is often larger than the coronal diameter,
so debridement is difficult. Secondly, the lack of an apical stop makes the obturation in all dimensions virtually impossible.
And finally, the thin walls of the root canal are prone to fracture, so that surgical treatment is generally not a viable option.
There are a number protocols to manage non-vital open-apex teeth such as apexification, apical barrier technique (one-visit
apexification), orthograde root filling using MTA, triple antibiotic paste, and tissue engineering concept. The aim of this
paper is to review these treatment protocols.
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During tooth development, the inner and outer dental
epithelia fuse and form the cervical loop, which results
in Hertwig’s epithelial root sheath, a structure respon-
sible for root formation1. The presence of healthy pulp
is essential for root development and apical closure.
When the pulp is vital and the apex is not fully formed,
it is imperative to maintain the pulp vitality for dentine
formation2. Dental caries and trauma are the most
common challenges to the integrity of a tooth as it
matures. Both insults can render the pulp non-vital2. If
this occurs prior to complete root formation and apical
closure, normal root development is halted2. Clinically,
there are several conditions associated with treating
non-vital teeth that have a widened or open apical
foramen. Firstly, the apical diameter of the canal is
often larger than the coronal diameter, so debridement
is difficult. In addition, the lack of an apical stop makes
the obturation in all dimensions virtually impossible.
Finally, the thin walls of the root canal are prone to
fracture, so that surgical treatment is generally not a
viable option3. To avoid these complications, apexifi-
cation prior to root canal filling should be attempted.

HISTORICAL PERSPECTIVES

The use of calcium hydroxide for apical closure was
first introduced in 1964 by Kaiser4, when he proposed
that using it mixed with camphorated parachlorophe-
nol (CMCP) would induce the formation of a calcified

barrier across the apex. His procedure was popularised
in 1966 by Frank5, who described a step-by-step
technique and four types of apical closure. For the
procedure to be effective, it has been suggested that that
calcium hydroxide must contact vital tissue6. The larger
the apical opening, the longer the time necessary to
induce apical closure7.

Nygaard-Østby8 suggested that laceration of periapi-
cal tissues with a file results in the further development
of the root apex. Zussman9 showed that the vascularity
of the apical region facilitates and favours further root
development by the root sheath once the tissues are in a
healthy state. Ham et al.10 have not reported much
success with the induced blood clot, and Citrome
et al.11 showed that the blood clot maintained the
initial inflammatory state and did not result in hard
tissue bridging at the apex.

The mechanism of apical closure is still in question.
Some researchers believe that the root sheath remain
intact and resumes its function once the source of
infection is eliminated. Torneck and Smith12 stated that
remnants of the dental pulp remain vital and function in
spite of inflammation. Klein and Levy13 believed that the
cells of the dental sac around the apex retain their genetic
code that predisposes them to form into cementoblasts.
On the other hand, some other studies claimed that it
was not possible to identify a root sheath in any section
of teeth with either partial or complete root closure.
West and Lieb14 reported a case in which the periapex of
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an incisor was curetted following conventional end-
odontic therapy. After 11 years, the tooth was then
successfully treated by using Frank’s technique.

It has also been proposed that calcium hydroxide
stimulates undifferentiated mesenchymal cells to differ-
entiate into cementoblasts, which in turn, initiate
cementogenesis at the apex13,15. Dylewski16 showed
proliferating connective tissue in the apical region that
differentiated into calcified material, which became
continuous with the predentine at the apex. Schroder
and Granath17 revealed that this calcification process
occurs beneath a superficial layer of necrosis. In this
procedure, the calcium hydroxide dressing is replaced
every 3 months until a barrier is formed (usually 6 to
24 months)2.

Undoubtedly, this technique sometimes provides
inconsistent results:
• The apical foramen closes with a definite recession

of the root canal. The apical aspect continues to
develop with a seemingly obliterated apex1,2,7.

• The obliterated apex develops without any change
in the root canal space1,2,7.

• A thin calcified bridge that is not radiographically
discernable develops1,2,7.

• Usually multiple visits and a long period are
required to root end closure1,2,7.

• Long-term dressing with calcium hydroxide makes
the tooth mere sensitive to fracture18.

MTA consists of 50–75% (wt) calcium oxide and
15–25% silicon dioxide. These two components
together comprise 70–95% of the cement19,20. When
these raw materials are blended they produce tricalcium
silicate, dicalcium silicate, tricalcium aluminate and
tetracalcium aluminoferrite. On addition of water the
cement hydrates to form silicate hydrate gel that
solidifies into a hard structure during 3–4 hours21.
The production of calcium hydroxide as a by-product
of the hydration reaction of MTA has been reported22.
The biological response to MTA had been likened to
that of calcium hydroxide and it was postulated that
their mechanisms of action were similar23. It has been
reported that MTA releases calcium ions and promotes
an alkaline pH23. The physicochemical basis for the
biological properties of MTA has recently been attrib-
uted to the production of hydroxyapatite when the
calcium ions released by the MTA came into contact
with tissue fluid24.

MTA materials have been suggested to afford less
microleakage than traditional materials in a majority of
bacteria-based microleakage studies when used as an
apical restoration25,26, furcation repair27, and in the
treatment of immature apices28,29. In both fluid filtra-
tion and bacterial leakage models, 3 mm of MTA
material is suggested as the minimal amount for
protection against microleakage while 5 mm is sug-
gested in the treatment of immature apices19.

Regarding the biocompatibility of MTA materials,
studies in general tend to support the biocompatibility
of both grey-coloured MTA and white-coloured MTA,
although cytotoxicity studies are inclined to suggest less
response to the set material as compared to the freshly
prepared material19.

There are two major solutions for the management of
permanent non-vital teeth with open apices using MTA
as follows.

Apical barrier technique

Induction of apical healing, regardless of the material
used, takes at least 3–4 months and requires multiple
appointments2,7. Patient compliance with this regimen
may be poor and many fail to return for scheduled
visits. The temporary seal may fail resulting in reinfec-
tion and prolongation or failure of treatment. The
importance of the coronal seal in preventing endodontic
failure is well established30. For these reasons one-visit
apexification has been suggested. Morse et al.7 define
one-visit apexification as the non-surgical condensation
of a biocompatible material into the apical end of the
root canal. The rationale is to establish an apical stop
that would enable the root canal to be filled immedi-
ately. There is no attempt at root end closure. Rather an
artificial apical stop is created. A number of materials
have been proposed for this purpose including trical-
cium phosphate, calcium hydroxide, freeze dried bone,
and freeze dried dentine7. Steinig et al.31 stated that the
importance of this technique lies in the expedient
cleaning and shaping of the root canal system, followed
by its apical seal with a material that favours regener-
ation. Furthermore, the potential for fractures of
immature teeth with thin roots is reduced, as a bonded
core can be placed immediately within the root canal.
Furthermore, MTA provides scaffolding for the forma-
tion of hard tissue and the potential of a better
biological seal31.

Clinical procedure

After obtaining anaesthesia, application of rubber dam,
and preparing an adequate access preparation, the root
canal system should be cleaned using intracanal instru-
ments and sodium hypochlorite irrigation (NaOCl). To
further disinfect the root canal system, a calcium
hydroxide paste should be placed in the root canal for
at least 1 week. Thereafter, calcium hydroxide paste is
rinsed from the root canal with 5% NaOCl and 17%
EDTA and the canal dried with sterile paper points. A
thick application of MTA is prepared by mixing MTA
powder with sterile water and is carried to the canal
with a specific carrier. Then, MTA is condensed to the
apical end of the canal with an adequate plugger and
the back end of sterilised paper points. A 3–4 mm
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apical plug is created and its density, position and
extension are checked radiographically (Figure 1). If
creation of an ideal plug fails in the first attempt, MTA
should be rinsed out with sterile water and the
procedure should be repeated3. A moist cotton pellet
is placed in the canal over MTA and the access cavity is
closed with Cavit for at least 3–4 hours21.

ORTHOGRADE ROOT FILLING

In selected cases such as situations where future
nonsurgical retreatment is non-feasible or may not
render better tooth prognosis, and in teeth with
immature non-vital pulps and short roots (Figure 2),
orthograde root canal filling with MTA should be
considered as a valuable alternative for conventional
apexification and even for one-visit apexification32.

Al-Hezaimi et al.33 assessed the sealing ability of grey
MTA and white MTA for a total period of 42 days in
vitro and found that GMTA as well as WMTA had a
better sealing ability than gutta-percha and Kerr Canal
Sealer EWT. On the other hand, in another in vitro
study Vizgirda et al.34 reported that the apical seal
produced by laterally-condensed gutta-percha and
sealer was superior to that produced by MTA.

Clinical support for the use of MTA as an obturating
material, however, was presented in some case reports.
O’Sullivan and Hartwell35 used MTA as the obturating
material for the root canal system of a retained primary
second molar. At the 4-month follow-up, the patient
was asymptomatic, clinical findings were within normal
limits, and there was evidence of radiographic healing.
In another case report, Hayashi et al.36 used MTA for
obturation of the root canal system of two mature
mandibular central incisors with apical periodontitis. A

2-year follow-up radiographic examination demon-
strated the dramatic regeneration of periradicular
tissue.

TRIPLE ANTIBIOTIC PASTE

A newer approach to manage non-vital open-apex teeth
is the use of a triple antibiotic paste (Figure 3). A
combination of antibiotics may be needed to address
the diverse root canal flora encountered and might also
decrease the likelihood of the development of resistant
bacterial strains. The combination that appears to be
most promising consists of metronidazole, ciprofloxa-
cin, and minocycline37. Sato et al.38 evaluated the
potential of this mixture to kill bacteria in the deep
layers of root canal dentine in situ. No bacteria were
recovered from the infected dentine of the root canal
wall 24 hours after application of the drug combina-
tion, except in one case in which a few bacteria were
recovered. Hoshino et al.39 investigated the antibacte-
rial effect of this same mixture, with and without the

Figure 1. Apical MTA barrier.

Figure 2. Complete root filling using MTA.

Figure 3. Effect of triple antibiotic paste on the root-end closure.
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addition of rifampicin, on bacteria taken from the
dentine of infected root canals. The efficacy was also
determined against bacteria of carious dentine and
infected pulps which may the precursory bacteria for an
infected RCS. None of the individual drugs resulted in
complete elimination of bacteria. However, in combi-
nation, these drugs were able to consistently disinfect
all samples.

Iwaya et al.40 presented a case report of an immature
mandibular second premolar tooth with a pulpless,
infected root canal with periapical involvement and a
sinus tract. Instead of following the standard root canal
treatment protocol and apexification, two antibiotics
(metronidazole and ciprofloxacin) were placed in the
canal, after which the canal was left empty. Radio-
graphic examination showed the commencement of
apical closure 5 months after the completion of the
antimicrobial protocol. Thickening of the root dentine
and complete apical closure was confirmed 30 months
after the treatment, indicating the revascularisation
potential of a young permanent tooth pulp into a
bacteria-free root canal space.

Takushige et al.41 evaluated the efficacy of a poly-
antibiotic paste consisting of ciprofloxacin, metronida-
zole and minocycline, on the clinical outcome of so-
called ‘Lesion Sterilization and Tissue Repair’ (LSTR)
therapy in primary teeth with periradicular lesions.
They reported that the clinical symptoms (such as
gingival swelling, sinus tracts, induced dull pain,
spontaneous dull pain, and pain on biting) disappeared
after treatment in all but four cases. The four cases that
did not resolve after initial treatment had resolution of
the clinical signs and symptoms after further treatment
using the same procedures again. Thus, gingival
abscesses and draining sinuses, if present, disappeared
after a few days. Successor permanent teeth erupted
without any disorders, or were found radiographically
to be normal and in the process of eruption. All cases
were evaluated as being successful. The mean func-
tional time of the primary teeth was 680 days (range:
68–2,390 days), except for one case in which the
successor permanent tooth was congenitally missing.

Windley et al.37 assessed the efficacy of a triple
antibiotic paste in the disinfection of immature dog
teeth with apical periodontitis. The canals were sam-
pled before (S1) and after (S2) irrigation with 1.25%
NaOCl, and after dressing with a triple antibiotic paste
(S3) consisting of metronidazole, ciprofloxacin, and
minocycline. At S1, 100% of the samples had a positive
culture result for bacteria with a mean CFU count of
1.7 · 10. At S2, 10% of the samples were bacteria-free
with a mean CFU count of 1.4 · 10, and at S3, 70% of
the samples were bacteria-free with a mean CFU count
of only 26. Reductions in mean CFU counts between S1
and S2 as well as between S2 and S3 were statistically
significant.

TISSUE ENGINEERING CONCEPT

There are three major components of tissue engineer-
ing42, the first if which is a cell source42. Odontoblasts
are of mesenchymal origin, and under appropriate
conditions, cells from dental pulp, the apical papilla,
and possibly other tissues can form odontoblast-like
cells43–46. To date, the precise cell sources supporting
the continued root development are unknown. How-
ever, it is possible that residual pulp cells might have
remained vital in some cases, cells from the apical
papilla underwent proliferation, or bleeding-induced
angiogenesis might have recruited stem ⁄ progenitor cells
from apical tissues including the apical papilla. The
clinical challenge will be to find a reliable cell source
capable of differentiating odontoblasts, convenient for
harvesting, and autogenous to avoid tissue rejection or
introduction of foreign pathogens47.

The second component is a physical scaffold42.
Tissues are three dimensional structures and an appro-
priate scaffold is required to promote cell growth and
differentiation. Extracellular matrix molecules control
the differentiation of stem cells48,49 and an appropriate
scaffold might selectively bind and localise cells50,
contain growth factors51, and undergo biodegradation
over time52. Thus, a scaffold is far more than a lattice to
contain cells. It has been suggested that platelet-rich
plasma (PRP) satisfies many of these criteria. PRP is
autogenous, fairly easy to prepare in a dental setting,
rich in growth factors, degrades over time, and forms a
three-dimensional fibrin matrix42.

The third component consists of signalling mole-
cules42. Both growth factors and other compounds are
capable of stimulating cellular proliferation and direct-
ing cellular differentiation. The observed radiographic
thickening of the dentinal walls might be due to
production of cementum, bone or dentine. It is likely
that the cell source and the available signalling molecules
play major roles in guiding the development of cells in
the regenerating tissue. For example, the same cultures
of human dental pulp cells can differentiate into cells
resembling odontoblasts ⁄ osteoblasts, adipocytes, or
chondrocytes, depending on the combination of signal-
ling molecules such as dexamethasone43. Dentine or
dentine extracts (rich in growth factors) will promote
formation of an odontoblast phenotype. It has been
shown that ethylenediaminetetraacetic acid (EDTA) is
very effective in releasing growth factors from human
dentine53. However, its effectiveness in promoting
odontoblast differentiation and subsequently root devel-
opment has not been yet evaluated.

CROWN RESTORATION OF IMMATURE TEETH

Because of the thin dentinal walls there is a high
incidence of root fractures in teeth after apexification3.
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Restorative efforts should be directed towards strength-
ening the immature root. A number of studies have
demonstrated that the use of the newer dentine bonding
techniques can significantly increase the resistance to
fracture of these teeth to levels close to that of intact
teeth. Goldberg et al.54 have recently demonstrated the
reinforcing effect of a resin glass ionomer in the
restoration of immature roots. The risk of root fracture
during apexification is a concern, but during this time it
is essential that access to the apical portion of the canal
is preserved. Katebzadeh et al.55 have described a
technique in which the access is restored with a
composite restoration. A clear curing post is inserted
into the soft composite and cured. The post is then
removed leaving a patent channel for calcium hydrox-
ide replacement and subsequent obturation of the
canal.

CONCLUSION

Endodontic management of pulpless permanent teeth
with wide open apices has long presented a challenge to
dentistry. A number of treatment modalities have been
advocated for these teeth. Until recently, the most
widely accepted technique has been cleaning and filling
the canal with calcium hydroxide to stimulate the
formation of a calcified tissue at the apex. The term
apexification is used to describe this procedure. Apical
barrier technique with MTA has now become the
accepted treatment of choice. In nonvital open-apex
teeth with short root lengths, the root can completely
be filled with MTA. Intracanal medication with a triple
antibiotic paste consisting of equal parts of metronida-
zole, minocycline and ciprofloxacin for 4 weeks is
another effective approach to encourage continuing
root development to manage nonvital open-apex teeth.
Finally, it is likely that intracanal delivery of known
signalling molecules or the solubilisation of endogenous
signalling molecules will promote the formation of
dentine.
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