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ABSTRACT : Pulpal necrosis is a relatively common sequel following dental trauma which arrests the further root development
in an immature permanent tooth resulting in wide open apices. The immature root with a necrotic pulp and apical periodontitis
presents multiple challenges to successful treatment. Various treatment modalities for management such teeth include calcium
hydroxide apexification, MTA apexification, and endodontic surgeries. Apexification using calcium hydroxide although shown
some success but it is less popular nowadays due to limitations like multiple visits, formation of porous barrier. Mineral trioxide
aggregate (MTA) apexification is a commonly used treatment option for management of immature non-vital teeth. However,
it doesnot strengthen the remaining root structure and the tooth remains fracture prone and non-vital. Regenerative endodontic
procedures are designed to replace damaged structures, including dentin and root structures, as well as cells of the pulp-dentin
complex. Thickening of root dentin and reestablished tooth vitality are the significant outcome with revascularization which
cannot be achieved with apexification procedure. Considering the advantages, if the proper case selection protocol is followed
revascularization can be used as an alternative to apexification for management of immature non-vital teeth.
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Introduction:
Traumatic dental injuries to anterior teeth is a common
clinical problem among young children and adolescents
with a reported prevalence of 6% to 59% in various
studies.1 Pulpal necrosis is a relatively common sequel
following dental trauma which arrests the further root
development in an immature permanent tooth resulting
in wide open apices. The immature root with a
necrotic pulp and apical periodontitis presents multiple
challenges to successful treatment. (Fig.1)
1. The infected root canal space cannot be disinfected
with the standard root canal protocol with the aggressive
use of endodontic files.
2. Once the microbial phase of the treatment is complete,
filling the root canal is difficult because the open apex
provides no barrier for stopping the root filling material
before impinging on the periodontal tissues.
3. Even when the challenges described earlier are
overcome, the roots of these teeth are thin with a higher
susceptibility to fracture.
These problems are overcome by using a
disinfection protocol that does not include root canal
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instrumentation, stimulating the formation of a hard
tissue barrier or providing an artificial apical barrier to
allow for optimal filling of the canal, and reinforcing
the weakened root against fracture during and after an
apical stop is provided.2

Treatment options
Various treatment modalities have been suggested in
the literature for the management of traumatized nonvital immature permanent teeth that include calcium
hydroxide apexification3, MTA apexification4, and
endodontic surgeries.5

Calcium hydroxide apexification
Apexification by traditional means using calcium
hydroxide has although shown some success but it
is less popular today as it is associated with certain
inherent limitations like multiple visits extending
from 6 to 24 months, formation of porous barrier and
an inadequate seal.3 Some reports have even shown
that long-term calcium hydroxide therapy alters the
mechanical properties of dentin which become more
prone to fracture.6

Mineral trioxide aggregate (MTA)
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apexification
Mineral trioxide aggregate (MTA) apexification
nowadays has been the most commonly used treatment
option for management of immature non-vital teeth.7
It, however, doesn’t strengthen the remaining root
structure and the tooth remains fracture prone and nonvital, as there is no reestablishment of tooth vitality
with this approach.4

Other alternatives
Other treatment approaches have taken into account
reinforcement of root using composite resins, but,
this limits the possibility of root canal retreatment
in future.8 Endodontic surgery to seal the wide open
apex by retrograde means is an invasive approach with
associated disadvantages like surgical complications
and compromised crown-root ratio that further weakens
the already fragile root.4 Thus, the ideal treatment
to obtain further root development and thickening
of dentinal walls in an immature tooth with apical
periodontitis would be revascularization, to reestablish
the vitality in a non-vital tooth to allow repair and
regeneration of pulp-dentin complex.

Revascularization
Regenerative endodontic procedures can be defined
as biologically based procedures designed to replace
damaged structures, including dentin and root
structures, as well as cells of the pulp-dentin complex.
The term “revascularization” has been used for the
reestablishment of vascularity in the pulp space after
traumatic injuries. However, there is generation of
tissues, such as cementum, periodontal ligament, bone,
and dentin, or regeneration of pulp occurs rather than
just the generation of vasculature in the canal space that
restores functional properties of the tooth, and fosters
continued root development for im¬mature teeth, and
prevents or resolves apical periodontitis.9

History
The research on this was first initiated by NygaardOstby (1961) and Rule and Winter (1966) documented
root development and apical barrier formation in cases
of pulpal necrosis in children (Table 1).10,11

Rationale for revascularization
Occasional cases of regeneration of apical tissues after
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traumatic avulsion and replantation led to the search for
the possibility of regeneration of the whole pulp tissue
in a necrotic, infected tooth. After reimplantation of an
avulsed immature tooth, a unique set of circumstances
exists that allows regeneration to take place.
a) The young tooth has an open apex and is short,
which allows new tissue to grow into the pulp space
relatively quickly.
b) The pulp is necrotic but usually not infected, so it
will act as a matrix into which the tissue can grow.
c) In addition, the fact that, in most cases, the crown
of the tooth is intact ensures that bacterial penetration
into the pulp space through cracks and defects will be
a slow process.
Thus, the race between the new tissue and infection of
the pulp space, favors the new tissue.12 Extrapolating
from this information, it is hypothesized that once the
canal infection is controlled, it resembles the avulsed
tooth that has a necrotic but sterile pulp space. So, the
rationale of revascularization is that ‘If a sterile tissue
matrix is provided in which new cells can grow, pulp
vitality can be reestablished.’

Factors affecting the outcome of
revascularization
Root canal disinfection - There is no established protocol
for revascularization procedure and different authors
have suggested various modifications.9 Triantibiotic
paste (TAP) mixture has been the most commonly
used intracanal medicament for disinfection of root
canals prior to revascularization. Various authors have
reported the efficacy of mixture of triantibiotic paste
for disinfecting the root canals and its penetration into
dentin. Hoshino et al. (2005) in their study evaluated the
dose-dependent effect of TAP mixture on the vitality of
Stem cells from apical papilla (SCAP) and found that
a concentration of 0.1 mg /ml (100ug/ml) was highly
effective against endodontic microorganisms including
enterococcus fecalis13 with minimum effect on SCAP
cell survival. This is important as in majority of cases
reported in literature where TAP has been used as
intracanal medicament, no attempt has been made to
deliver a specific concentration of drug and the only
criterion of preparation of mixture has been achieving a
particular physical consistency.9 The use of tetracycline
and minocycline as intracanal medicaments leads to
Journal of Scientific Dentistry, 7(1), 2017
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extensive tooth discoloration14 so instead, doxycycline
can be considered as an alternative which has found to
cause less discoloration.15
Patient age and time elapsed since tooth become
non-vital - Younger the patient and lesser the duration
of time since the tooth become non-vital more is
the likelihood that regeneration would occur. It is
not advisable to carry out regenerative endodontic
procedures in children younger than 8 years or older
than 16 years unless the tooth has an open apex with
thin walls that are at risk from subsequent fracture.12
The concentration of sodium hypochlorite for
irrigation - Sodium hypochlorite in low concentration
has been found to be equally effective as high
concentration. This is because the volume of irrigating
solution has more role in disinfecting the root canals
than its concentration.16 Moreover, in low strength
(1.5%), sodium hypochlorite has been found to be less
detrimental to the vitality of cells of pulp and periapical
areas. In higher concentration sodium hypochlorite
(6%) has been shown to significantly decrease the
survival of stem cells from apical papilla (SCAP),17 and
the resorption lacunae were also readily evident in the
dentin treated at this concentration.18
The role of blood clot-The purpose of inducing bleeding
in the root canal is to allow blood clot formation to occur
which is rich in fibrin and acts as a matrix over which
new tissue growth can occur. It has been found that the
apical papilla is a dense reservoir of undifferentiated
mesenchymal stem cells with greater proliferative
and odontogenic differentiation capacity.19,20 Induced
bleeding results in laceration of this apical papilla
with substantial influx of mesenchymal stem cells into
root canals during regenerative procedure resulting in
an increase in expression of mesenchymal stem cells
markers by more than 700 folds.21
The role of stem cells - The population of Dental Stem
Cells (DSC), stem cells from the apical papilla (SCAP)
of incompletely developed teeth, has been identified
(Table 2). Evidence for this unique DSC population
is based on the observation that tooth root formation
was demonstrated to continue in some immature teeth,
following endodontic treatment.22
SCAP, like DPSCs and SHED, can also differentiate
into odontoblast-like cells and produce dentin-pulp
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complex in vivo.23,24 Since the apical papilla is located
at the tip of root and receives blood supply from
surrounding tissues, SCAP may survive after pulp
necrosis or endodontic treatment and continue to
produce root dentin.25

Advantages
A number of authors in the literature in their case reports
and case series have reported revascularization to be
a successful procedure with resultant increase in root
length and thickness of dentinal walls.26,27 Thickening
of root dentin and reestablished tooth vitality are the
significant outcome with revascularization which
cannot be achieved with apexification procedure.
Many have also reported reestablished tooth vitality or
sensitivity after revascularization procedure (Table3).

Limitations
This novel procedure produces a stronger mature root
that is better able to withstand fracture but has the
potential for clinical and biological complications.
Amongst them, crown discolouration 28 development
of resistant bacterial strains29 and allergic reaction to
the intracanal medication. A modification 30 of the
current clinical protocol31 was established to avoid
crown discolouration. In this novel approach, the
coronal dentine was sealed with flowable composite
thus avoiding any contact between the tri-antibiotic
paste and the dentinal walls.
Furthermore, the stage and duration of pathosis that
will ultimately lead to the complete destruction of
the resistant apical mesenchymal cells and surviving
dental pulp stem cells has not been determined. Under
the circumstances of total pulpal and apical papilla
necrosis, revascularization treatment may not be
possible.
Additional complications such as various systemic
health conditions and immunologic problems may
offer other obstacles in achieving adequate root
maturation in the presence of a periradicular infection.
Long term studies are not available to tell whether the
canal obliterates or whether apical periodontitis will
develop at a later stage. Even if these nondesirable
outcomes do occur, the tooth is still likely to last for a
long time, which would not have been the case if it had
been treated endodontically at the time of presentation
as tooth can fracture because of weakened roots.
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Table 1 : History of regenerative endodontics
Author

Year

Contribution

Nygaard-Østby

1961

The role of the blood clot in endodontic therapy

Rule and Winter

1966

Root growth and apical repair subsequent to pulpal necrosis in
children

Nygaard-Østby

1971

Tissue formation in the root canal following pulp removal

Iwaya et al

2001

Revascularization of an immature permanent tooth with apical
periodontitis and sinus tract

Table 2: Sources of dental stem cells
Dental pulp derived

Non dental pulp derived

Dental pulp stem cells (DPSC)

Periodontal ligament stem cells

Stem cells from Human Exfoliated deciduous teeth (SHED)
Stem cells from Apical Papilla (SCAP)
Though, there are few limitations of revascularization.
It is possible that the entire canal might be calcified,
compromising esthetics and potentially increasing the
difficulty in future endodontic procedures if required.
Long-term clinical results are as yet not available.

Future perspective
One of the difficulties is how to confirm the clinical
vitality of pulp. The histological examination can
verify the vitality of dental pulp but is not practical for
clinicians, who are limited to clinical and radiographic
evaluations, which do not provide an accurate evaluation
of pulp vitality. For this reason, more sensitive methods
and/or instruments need to be developed. It is possible
that pulp regeneration using autologous dental stem
cells (DSC) might become a routine therapy after
endodontic treatment. However, autologous DSC
sources are limited. Several DSC banks have been
established, and patients have started to cryopreserve
their DSCs. Perhaps the most promising solution might
be induced pluripotent stem cells (iPSCs), cells that
have been artificially derived through stem cell gene
transfer into an adult somatic cell and can be used for
autologous tissue regeneration.32,33

Conclusion
The clinical and radiographic success of
revascularization procedure resulting in an increase
in root length and thickness of root dentin along with

Dental follicle progenitor cells

reestablished tooth vitality justifies the use of this
treatment approach as an alternative to traditional
apexification for management of traumatized immature
non-vital permanent teeth.
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Table 3 . Tooth vitality after revascularization
Author / Year

Sample size

Cause

Diagnosis

Clinical results

Post-operative vitality

Cehrelli
et al. 2012

1

Trauma

Not reported

Periapical healing
and evidence of
continued root
development
(3-month
follow-up).

Tooth responded
positively to cold tests
(12-month follow-up)
and electrical
pulp test EPT
(18monthsfollowup)

Cehrelli
et al. 2011

6

Caries

Pulp necrosis
with
symptomatic
apical
periodontitis

On an average
7.7% increase in
root length and
26.5% root width
increase

33.3% (n = 2) responded
positively to sensitivity
testing (12-month
follow-up)

Iwaya et al.
2011

1

Scaling
and
Root
planning

Necrotic pulp
A dentinal bridge
and acute apical was formed;
abscess
Tooth remained
asymptomatic and
demonstrated root
development and
apical closure
(30-month and 13year recall).

EPT elicited a response
when applied to the
dentinal bridge (3-month
follow-up).

Thomson &
Kahler 2010

1

Dens
evaginatus

Pulp necrosis
with chronic
apical abscess

Resolution
of signs and
symptoms of
pathosis including
closure of sinus
tract; evidence of
root development

Positive response to
EPT testing

Periradicular
healing with
resolution of signs
and symptoms of
pathosis (100% of
cases; n = 6).
In addition,
continued root
development was
seen in 3 cases
(50% of cases)

Response to pulpal
sensitivity testing was
seen in 2 cases
(33.3% of cases).

Petrino et al.
2010

6

Trauma
(complicated
Crown
fracture
n = 2,
avulsion
n = 2);
Caries
(n = 2)

Pulp necrosis
(n = 6) with
asymptomatic
apical
periodontitis
(n = 4) and
chronic apical
abscess
(n = 2)

(18-monthfollow-up.)

Fig.1 (a) Infected non-vital tooth with complicated crown fracture and abscess formation. (b) Intraoral
periapical radiograph with thin radicular dentin and wide apical foramen.
54

Journal of Scientific Dentistry, 7(1), 2017

Can revascularization serve as a treatment alternative to apexification
12. Franklin Garcia-Godoy, Peter E. Murray. Recommendations
for using regenerative endodontic procedures in permanent
immature traumatized teeth. Dental Traumatology 2011.
13. Alam T, Nakazawa F, Nakajo K, Uematsu H, Hoshino E.
Susceptibility of Enterococcus feacalis to combination of
antibacterial drugs (3Mix) in vivo. J Oral Biosci 2005:47(4):315320.
14. A. R. Sánchez, R. S. Rogers III, and P. J. Sheridan, “Tetracycline
and other tetracycline-derivative staining of the teeth and oral
cavity,” International Journal of Dermatology, vol. 43, no. 10,
pp. 709–715, 2004.
15. Belinda Kuan-Jung Chen, Roy George, and Laurence James
Walsh, “Discoloration of Roots Caused by Residual Endodontic
Intracanal Medicaments,” The Scientific World Journal, vol.
2014, Article ID 404676, 7 pages, 2014.
16. Sirtes G, Waltimo T, Schaetzle M, Zehnder M. The effect of
temperature on sodium hypochlorite short term stability, pulp
dissolution capacity and antimicrobial efficacy. JOE 2005
;31:669-671.
17. Trevino EG, Patwardhan AN, Henry MA, Perry G, DybdalHargreaves N, Hargreaves KM, Diogenes A. Effect of irrigants
on the survival of human stem cells of the apical papilla in a
platelet-rich plasma scaffold in human root tips. J Endod 2011:
37: 1109–1115.
18. Galler KM, D’Souza RN, Federlin M, Cavender AC, Hartgerink
JD, Hecker S, Schmalz G. Dentin conditioning codetermines
cell fate in regenerative endodontics. J Endod 2011: 37: 1536–
1541.
19. Huang GT, Sonoyama W, Liu Y, Liu H, Wang S, Shi S. The
hidden treasure in apical papilla:the potential role in pulp/
dentin regeneration and bioroot engineering. J Endod 2008: 34:
645–651.
20. Ruparel NB, de Almeida JF, Henry MA, Diogenes A.
Characterization of a stem cell of apical papilla cell line: effect
of passage on cellular phenotype. J Endod 2013: 39: 357–363.
21. Lovelace TW, Henry MA, Hargreaves KM, Diogenes A.
Evaluation of the delivery of mesenchymal stem cells into
the root canal space of necrotic immature teeth after clinical
regenerative endodontic procedure. J Endod 2011: 37: 133–138.

Morankar Rahul

24. S. Abe, S. Yamaguchi, A. Watanabe, K. Hamada, and T.
Amagasa, “Hard tissue regeneration capacity of apical pulp
derived cells (APDCs) from human tooth with immature apex,”
Biochemical and Biophysical Research Communications, vol.
371, no. 1, pp. 90–93, 2008.
25. G. T.-J. Huang, W. Sonoyama, Y. Liu, H. Liu, S. Wang, and S.
Shi, “The hidden treasure in apical papilla: the potential role in
pulp/dentin regeneration and bioroot engineering,” Journal of
Endodontics, vol. 34, no. 6, pp. 645–651, 2008.
26. Thomson A, Kahler B. Regenerative endodontics—
biologically-based treatment for immature permanent teeth: a
case report and review of the literature. Aust Dent J 2010: 55:
446–452.
27. Shin SY, Albert JS, Mortman RE. One step pulp revascularization
treatment of an immature permanent tooth with chronic apical
abscess: a case report. Int Endod J 2009: 42: 1118–1126.
28. Windley W 3rd, Teixeira F, Levin L, Sigurdsson A, Trope M.
Disinfection of immature teeth with a triple antibiotic paste. J
Endod. 2005;31:439-43.
29. Greenstein G, Polson A. The role of local drug delivery in the
management of periodontal diseases: a comprehensive review.
J Periodontol. 1998;69:507-20.
30. Reynolds K, Johnson JD, Cohenca N. Pulp revascularization of
necrotic bilateral bicuspids using a modified novel technique
to eliminate potential coronal discolouration: a case report. Int
Endod J. 2009;42:84-92.
31. Banchs F, Trope M. Revascularization of immature permanent
teeth with apical periodontitis: new treatment protocol? J
Endod. 2004;30:196-200.
32. W. E. Andelin, S. Shabahang, K. Wright, and M. Torabinejad,
“Identification of hard tissue after experimental pulp capping
using dentin sialoprotein (DSP) as a marker,” Journal of
Endodontics, vol. 29, no. 10, pp. 646–650, 2003.
33. K. Iohara, M. Nakashima, M. Ito, M. Ishikawa, A. Nakasima,
and A. Akamine, “Dentin regeneration by dental pulp stem cell
therapy with recombinant human bone morphogenetic protein
2,” Journal of Dental Research, vol. 83, no. 8, pp. 590– 595,
2004

22. H. S. Selden, “Apexification: an interesting case,” Journal of
Endodontics, vol. 28, no. 1, pp. 44–45, 2002.
23. W. Sonoyama, Y. Liu, D. Fang, et al., “Mesenchymal stem
cellmediated functional tooth regeneration in Swine,” PLoS
One, vol. 1, no. 1, article e79, 2006.

Journal of Scientific Dentistry, 7(1), 2017

55

Can revascularization serve as a treatment alternative to apexification

Address of Correspondence

Authors:

Dr Rahul Morankar (Morankar R )
Room.no 202, Senior Resident
Unit of pedodontics and preventive dentistry
Oral Health Sciences Centre, PGIMER,
Chandigarh -160 012.
Phone no. 9855501651
Email adress: captainrahul88@gmail.com

1

Morankar Rahul

Senior Resident, Unit of pedodontics and preventive dentistry
Oral Health Sciences Centre, PGIMER, Chandigarh.

How to cite this article :
Morankar Rahul. Can revascularization serve as a treatment alternative to apexification for management of immature nonvital permanent tooth? - A Review. Journal of Scientific Dentistry, 2017;7(1):50-56
Source of Support : Nil, Conflicts of Interest : None declared

56

Journal of Scientific Dentistry, 7(1), 2017

