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Abstract:

Endodontic treatment options for immature, non-vital teeth conventionally include apexification with calcium hydroxide, 
or single visit apical barrier with mineral trioxide aggregate. Apexification is a procedure for treating and preserving 
immature permanent teeth that have lost pulp vitality. It contrasts apexogenesis in terms of its outcome in that apical 
maturation and normal root thickness cannot be obtained. Apexification has been a routine practice for many years and 
despite a literature replete with discussion, including recent artificial barrier methods with mineral trioxide aggregate, 
ultimately there has been no major breakthrough to improve this treatment. A new treatment option of revascularization 
has recently been introduced. It involves disinfecting the root canal system, providing a matrix of blood clot into which cells 
could grow and sealing of the coronal access. In this method, new living tissue is expected to form in the cleaned canal 
space, allowing continued root development in terms of both length and thickness. This review article will analyze the 
recent concept of pulp revascularization in the treatment of immature teeth with non-vital pulps.
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Introduction:

Apexification is a procedure to promote the 
formation of an apical barrier to close the open apex 
of an immature non-vital tooth. Although the open 
apex might be ''closed'' by a calcific barrier, 
apexification does not promote the continued 
development of the root.  

Revascularization is based on the concept that vital 
stem cells located in the apical papilla which has an 
abundant blood supply can survive pulpal necrosis. 
These stem cells are believed to differentiate into 
secondary odontoblasts, ultimately allowing for 
dentinal deposition.                          

This article will analyze the changing trends of 
treating immature teeth using revascularization 
rather than apexification. 

Apexification:

Immature teeth undergoing apexification are 
usually disinfected with irrigants including sodium 

hy p o c h l o r i t e ,  c h l o r h e x i d i n e ,  E DTA  a n d  
1iodine–potassium iodide . The canal is then filled 

with calcium hydroxide paste for the purpose of 
further disinfection and induction of an apical 
calcific barrier. Obturation of the root canal is 
undertaken normally when the apical calcific 
barrier is formed. Without the barrier, there is 
nothing against which the traditional guttapercha 
can be condensed. The time required for apical 

2
barrier formation in apexification  using m calcium 
hydroxide may be considerable, often as long as 20 
months and other conditions such as age and 
presence of  symptoms or  periradicular  
radiolucencies may affect the time needed to form 
an apical barrier. Refreshing the calcium hydroxide 
paste usually takes place every 3 months. 

A number of short comings can be summarized for 
calcium hydroxide apexification: 

(i) Long time-span of the entire treatment; It 
might require 6–24 months for barrier 
formation.

(ii) The barrier formed is often porous and not 
continuous or compact and therefore requires 
obturation of the canal after barrier 
formation.

(ii) Multiple visits and inevitable clinical costs. 

(iii) Increased risk of tooth fracture using 
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calcium hydroxide as a long-term root canal 
3 ,4

dressing .

These drawbacks led to the use of mineral trioxide 
aggregate (MTA) to fill the apical end without the 

5need for calcific barrier formation . Using MTA for 
apexification may shorten the treatment period 
with more favourable results and improved patient 

6 7 8
compliance . Many authors and clinicians propose 
a one-visit apexification protocol with MTA, which 
presents a major advantages over traditional 

9 10methods . This expedient cleaning and shaping of 
the root canal system followed by its apical seal with 
MTA makes the rapid placement of a bonded 
restoration within the root canal possible, which 
may prevent potential fractures of immature teeth.

While advances with MTA and bonded restorations 
go some way towards a better outcome, ultimately 
no apexification method can produce the outcome 
that apexogenesis can achieve, i.e. apical maturation 
with increased thickness of the root. As noted above, 
clinical experience on the outcome of apexified 
teeth with thin and weak roots after successful 
treatment is that they are highly susceptible to 

3, 11fracture . Therefore, alternative approaches that 
allow the increase of root thickness and length 
should be pursued.

Revascularization: 

A novel concept of revascularization of immature 
non-vital, infected teeth was recently introduced. 
The concept of revascularization, per se, was 

12
introduced by Nygaard- Ostby  in 1961, and in 

13
1966, Rule and Winter  documented root 
development and apical barrier formation in cases 
of pulpal necrosis in children. The development of 
normal, sterile granulation tissue within the root 
canal is thought to aid in revascularization and 
s t i m u l a t i o n  o f  c e m e n t o b l a s t s  o r  t h e  
undifferentiated mesenchymal cells at the periapex, 
leading to the deposition of a calcific material at the 
apex as well as on the lateral dentinal walls. In 2001 

14 15
Iwaya et al  and in 2004 Banchs and Trope  
demonstrated the advantages of this treatment 
modality, which resulted in a radiographically 
apparent normal maturation of the entire root 
versus an outcome of only a calcific barrier 
formation at the apex after conventional calcium 

hydroxide induced apexification.

The blood clot revascularization method involves 
the following steps:

i) Minimal instrumentation and irrigation with 
2.5%  sodium hypochlorite.

ii) To disinfect the root canal with the use of the “3 
mix-MP” triple antibiotic paste, developed by 

17 18 19
Hoshino  and colleagues consisting of 
ciprofloxacin, metronidazole, and minocycline. 
(Image-I)

iii) To open the tooth apex to 1 mm or more to allow 
systemic bleeding into the canal. A blood clot was 
produced to the level of the cemento-enamel 
junction to provide a scaffold for the in-growth of 
new tissue followed by a double seal of mineral 
trioxide aggregate in the cervical area and a bonded 

20resin coronal restoration above it .

Placement of calcium hydroxide in root canal 
systems prevents revascularization coronal to the 
location of the calcium hydroxide. Calcium 
hydroxide with its high pH is known to be toxic to 

21
vital cells  and hence might damage the cells in its 
contact at the apex, which have regenerative 
capacity to heal periapical tissues. By filling the 
canal with calcium hydroxide, a physical barrier is 
created that prevents migration of multipotent 

23undifferentiated mesenchymal cells into the canal  
and regeneration of tissues at the lateral dentinal 
walls.

Maintaining the viability of the remaining survived 
pulp tissue and the stem cells of the apical papilla 
are considered critical for revascularization to 
succeed. Therefore, it is essential to follow a 
protocol of no canal instrumentation throughout 
the revascularization procedure in order preserve 

14 20 23
these essential enduring stem cells .

Revascularization is the procedure to reestablish 
the vitality in a non-vital tooth to allow repair and 

2 4
regeneration of tissues . The rationale of 
revascularization is that if a sterile tissue matrix is 
provided in which new cells can grow, pulp vitality 
can be reestablished. Revascularization protocols 
are derived from the observations of reimplanted 
and autotransplanted teeth in experimental animals 
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in which necrotic pulp, free of infection, provided a 
matrix into which the cells from the periapical 
tissues could grow and reestablish pulp vascularity, 

25 26 slowly replacing the necrotic tissue . In 
immature, infected, non-vital teeth, infection 
control is achieved with minimal instrumentation, 
depending more on aggressive, copious irrigation 
with sodium hypochlorite, and the use of triple 

27
antibiotic paste .

Mechanism of revascularization:

It is possible that a few vital pulp cells remain at the 
15 28

apical end of the root canal . These cells might 
proliferate into the newly formed matrix and 
differentiate into odontoblasts under the organizing 
influence of cells of Hertwig's epithelial root sheath, 
which are quite resistant to destruction, even in the 

29presence of inflammation . The newly formed 
odontoblasts can lay down atubular dentin at the 
apical end, causing apexogenesis (elongation of 
root), as well as on lateral aspects of dentinal walls 
of the root canal, reinforcing and strengthening the 
root.

Another possible mechanism of continued root 
development could be due to multipotent dental 

30pulp stem cells , which are present in permanent 
teeth and might be present in abundance in 
immature teeth. These cells from the apical end 
might be seeded onto the existing dentinal walls and 
might differentiate into odontoblasts and deposit 
tertiary or atubular dentin.

The third possible mechanism could be attributed to 
the presence of stem cells in the periodontal 

31, 32
ligament  which can proliferate, grow into the 
apical end and within the root canal, and deposit 
hard tissue both at the apical end and on the lateral 
root walls.

The fourth possible  mechanism of  root  
development could be attributed to stem cells from 
the apical  papil la  or the bone marrow. 
Instrumentation beyond the confines of the root 
canal to induce bleeding can also transplant 
mesenchymal stem cells from the bone into the 
canal lumen. These cells have extensive 
proliferating capacity. Transplantation studies have 
shown that human stem cells from bone narrow can 

34, 35form bone or dentin in vivo .

Another possible mechanism could be that the 
blood clot itself, being a rich source of growth 
factors, could play an important role in 
regeneration. These include platelet-derived 
growth factor, vascular endothelial growth factor 
(VEGF), platelet-derived epithelial growth factor, 
and tissue growth factor and could stimulate 
differentiation, growth, and maturation of 
fibroblasts, odontoblasts, cementoblasts, etc from 
the immature, undifferentiated mesenchymal cells 
in the newly formed tissue matrix. Expression of 
VEGF in immature and mature permanent teeth has 

36been documented .

ADVANTAGES: 

1) The biggest advantage is that of achieving 
c o n t i n u e d  ro o t  d eve l o p m e n t  ( ro o t  
lengthening) and strengthening of the root as 
a result of reinforcement of lateral dentinal 
walls with deposition of new dentin/hard 
tissue.

2) Shorter treatment time; after control of 
infection, it can be completed in a single visit.

3) It is also very cost-effective, because the 
number of visits is reduced, and no additional 
material (such as TCP, MTA) is required.

Obturation of the canal is not required unlike 
in calcium hydroxide induced apexification, 
with its inherent danger of splitting the root 
during lateral condensation.

LIMITATIONS: 

1) Long-term clinical results are as yet not 
available. It is possible that the entire canal 
might be calcified, compromising esthetics 
and potentially increasing the difficulty in 
future endodontic procedures if required. 

2) If cast post and core are the final restorative 
treatment plan, revascularization is not the 
right treatment option because the vital tissue 
in apical two thirds of the canal cannot be 
violated for post placement.

Application of Tissue Engineering Concepts to 
Regenerative Endodontics:
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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 

37
complex . There are several areas of research that 
might have application in the development of 

38regenerative endodontic techniques .  These 
techniques are: 

1) root canal revascularization via blood clotting,

2) post natal stem cell therapy

3) pulp implantation

4) scaffold implantation

5) injectable scaffold delivery

6) three-dimensional cell printing

7) gene delivery

The advantages and disadvantages of these 
techniques are given in Image-II.
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Conclusion:

The success of revascularization points out the 
potential future fate of apexification procedures. 
Such procedures may no longer be the preferred 
first option to treat immature permanent teeth with 
non-vital pulps. Revascularization can thicken the 
root structure leading to a stronger tooth with a 
potentially reduced fracture risk. The progress of 
pulp/dentine regeneration so far has been 
promising and is likely to work in the near future.

There has been a tremendous increase in our 
clinical tools (ie, materials, instruments, and 
medications) and knowledge from the trauma and 
tissue engineering fields during the last decade. 
Although the clinical outcomes of most case reports 
were consistent with the hypothesis of a functional 
restoration of biologic root development, the 
precise mechanisms and cellular source remain 
unknown. It has been suggested that the 
radiographic evidence of increased root thickness 
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might be due to in growth of dentin, cementum, or 
bone. These case reports primarily involve treating 
the immature permanent tooth; it is quite possible 
that knowledge gained from this clinical application 
will have value in developing regenerative 
endodontic procedures for the fully developed 
permanent tooth. The future research should focus 
on the issues that must be addressed to develop a 
safe, effective, and consistent method for 
regenerating a functional pulp-dentin complex.

References: 

1) Rafter M. Apexification: a review. Dental 
Traumatology 2005; 21: 1–8.

 2) Huang G.T.J. Apexification: the beginning of its 
end. International Endodontic Journal 2009; 
42: 855–66.

3) Cvek M. Prognosis of luxated non-vital 
maxillary incisors treated with calcium 
hydroxide and filled with gutta-percha. A 
retrospective clinical study. Endodontics and 
Dental Traumatology 1992; 8: 45–55. 

4) Andreasen JO, Farik B, Munksgaard EC . Long-
term calcium hydroxide as a root canal 
dressing may increase risk of root fracture. 
Dental Traumatology 2002; 18: 134–7.

5) Shabahang S, Torabinejad M, Boyne PP, Abedi 
H, McMillan P. A comparative study of root-end 
induction using osteogenic protein-1, calcium 
hydroxide, and mineral trioxide aggregate in 
dogs. Journal of Endodontics 1999; 25: 1–5. 

6) Maroto M, Barberia E, Planells P, Vera V 
.Treatment of a non-vital immature incisor 
with mineral trioxide aggregate(MTA). Dental 
Traumatology 2003; 19: 165–9.

7) El-Meligy OA, Avery DR .Comparison of 
apexification with mineral trioxide aggregate 
and calcium hydroxide. Pediatric Dentistry 
2006; 28: 248–53.

8) Pace R, Giuliani V, Pini Prato L, Baccetti T, 
Pagavino G .Apical plug technique using 
mineral trioxide aggregate: results from a case 
series. International Endodontic Journal 
2007; 40:478–84.

9) Witherspoon DE,  Ham K.  One-vis i t  
apexification technique for inducing root-end 
barrier formation in apical closures. Practical 
Procedures and Aesthetic Dentistry 2001; 
13:455–60.

10) Steinig TH, Regan JD, Gutmann JL.The use and 
predictable placement of mineral trioxide 
aggregate in one visit apexification cases. 
Australian Endodontic Journal 2003; 
29:34–42. 

11) Katebzadeh N,  Dalton BC,  Trope M 
.Strengthening immature teeth during and 
after apexification. Journal of Endodontics 
1998; 24: 256–9. 

12) Ostby BN.The role of the blood clot in 
endodontic therapy. An experimental 
histologic  study.  Acta  Odontologica  
Scandinavica 1961; 19: 324–53. 

13) Rule DC, Winter GB. Root growth and apical 
repair subsequent to pulpal necrosis in 
children. Br Dent J 1966; 120: 586 –90. 

14) Iwaya S, Ikawa M, Kubota M. Revascularization 
of an immature permanent tooth with apical 
periodontitis and sinus tract. Dent Traumatol 
2001; 17:185–7. 

15) Banchs F, Trope M . Revascularization of 
immature permanent teeth with apical 
periodontitis: new treatment protocol. 
Journal of Endodontics 2004; 30: 196–200. 

 17) Sato T, Hoshino E, Uematsu H, Noda T. In vitro 
antimicrobial susceptibility to combinations 
of drugs on bacteria from carious and 
endodontic lesions of human deciduous teeth.  
Oral Microbiol Immunol 1993; 8:172– 6.

18) Sato I, Ando-Kurihara N, Kota K, Iwaku M, 
Hoshino E. Sterilization of infected root canal 
dentine by topical application of a mixture of 
c i p r o f l o x a c i n ,  m e t r o n i d a z o l e ,  a n d  
minocycline in situ. Int Endod J 1996; 29:118 
–24.

19) Takushige T, Cruz EV, Asgor Moral A, Hoshino 
E. Endodontic treatment of primary teeth 
using a combination of antibacterial drugs. Int 
Endod J 2004; 37: 132– 8. 

BHAVNAGAR UNIVERSITY'S JOURNAL OF DENTISTRY 75Vol. 2  Issue-3  Sept. 2012

B U J O DB U J O D Meyyappan et al



20) Jung IY, Lee SJ, Hargreaves KM. Biologically 
based treatment of immature permanent 
teeth with pulpal necrosis: a case series. 
Journal of Endodontics 2008; 34: 876–87.

 21) Spangberg L. Biological effects of root canal 
filling materials: effect in vitro of solubilised 
root canal filling materials on HeLa cells. 
Odontol Revy 1969; 20: 289 –99.

22) Cvek M. Prognosis of luxated non-vital 
maxillary incisors treated with calcium 
hydroxide and filled with gutta percha. Endod 
Dent Traumatol 1992; 8:45–55. 

23)) Chueh LH, Huang GTJ. Immature teeth with 
periradicular periodontitis or abscess 
undergoing apexogenesis: a paradigm shift. J 
Endod 2006; 32:1205–13.

 24) Martin Trope. Regenerative Potential of Dental 
Pulp. J Endod 2008; 34:13-17.

25) Cvek M, Cleaton-Jones P, Austin J, Lownie J, 
Kling M, Fatti P. Pulp revascularization in 
reimplanted immature monkey incisors: 
predictability and the effect of antibiotic 
systemic prophylaxis. Endod Dent Traumatol 
1990; 6:157– 69.

26) Skoglund A, Tronstad L, Wallenius K. A 
microangiographic study of vascular changes 
in replanted and autotransplanted teeth of 
young dogs. Oral Surg Oral Med Oral Pathol 
1978; 45:17–28. 

27) Windley W III, Teixeira F, Levin L, Sigurdsson 
A, Trope M. Disinfection of immature teeth 
with a triple antibiotic paste. J Endod 2005; 
31:439–43.

28) Heithersay GS. Stimulation of root formation 
in incompletely developed pulpless teeth. Oral 
Surg Oral Med Oral Pathol 970; 29: 620 –30.

29) Yousef Saad A. Calcium hydroxide and 
apexogenesis. Oral Surg Oral Med Oral Pathol 
1988; 66:499 –501.

30) Gronthos S, Brahim J, Li W, et al. Stem cell 
properties of human dental pulp stem cells    J 
Dent Res 2002; 81:531–5.

31) Lieberman J, Trowbridge H. Apical closure of 
non vital permanent incisor teeth where no 
treatment was performed: case report. J 
Endod 1983; 9:257– 60.

32) Nevin A, Wrobel W, Valachovic R, Finkelstein F. 
Hard tissue induction into pulpless open-apex 
teeth using collagen-calcium phosphate gel. J 
Endod 1977; 3:431–33.

33) Naseem Shah, MDS, Ajay Logani, MDS, Uday 
Bhaskar, MDS, and Vivek Aggarwal, MDS 
.Efficacy of Revascularization to Induce 
Apexification/Apexogensis in Infected, 
Nonvital, Immature Teeth. A Pilot Clinical 
Study. J Endod 2008; 34:919–25

34) Krebsbach P, Kuznetsov SA, Satomura K, 
Emmons RV, Rowe DW, Robey PG. Bone 
formation in vivo: comparison of osteogenesis 
by transplanted mouse and human marrow 
stromal fibroblasts. Transplantation 1997; 
63:1059–69.

35) Gronthos S, Mankani M, Brahim J, Robey PG, 
Shi S. Postnatal human dental pulp stem cells 
(DPSCs) in vitro and in vivo. Proc Natl Acad Sci 
U S A 2000; 97:13625–30.

36) Wang Q, Lin XJ, Lin ZY, Liu GX, Shan XL. 
Expression of vascular endothelial growth 
factor in dental pulp of immature and mature 
permanent teeth in human. Shanghai Kou 
Qiang Yi Zue 2007; 16:285–89.

37) Hargreaves KM, Geisler T, Henry M, et al. 
Regeneration potential of the young 
permanent tooth: what does the future hold? J 
Endod 2008; 34:51–6. 

38) Murray PE, Garcia-Godoy F, Hargreaves KM. 
Regenerative endodontics: A review of 
current status and a call for action. J Endod 
2007; 33:377–90. 

BHAVNAGAR UNIVERSITY'S JOURNAL OF DENTISTRY 76

Source of Support : 

Conflict of Interest : 

Date of Submission :

Review Completed :

NIL

NOT DECLARED

07-08-2012

04-09-2012

Vol. 2  Issue-3  Sept. 2012

B U J O DB U J O D


