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Tooth resurrection: Life after death 
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Abstract 
Tissue engineering is an emerging domain. Very soon it will be possible to produce a complete vital tooth from a single stem cell. Pulp 

revascularization is based on the ability of residual pulp and apical and periodontal stem cells to differentiate. These cells are highly potent 

to create a highly vascularized and a vital conjunctive tissue, which can colonize the available pulp space. This technique is specifically 

indicated for teeth with incomplete root formation as a substitute for the traditional treatment of apexification, which consists of placing 

calcium hydroxide paste into the root canal for a stipulated period of time in order to trigger the formation of a calcified barrier. Therefore, 

there has been an indefinite search for alternatives which allow the full development of immature teeth. Revascularization is a recent 

treatment module for immature necrotic permanent teeth. 
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Introduction 
In young children, anterior teeth by virtue of their position 

in the dental arch are more prone to dental trauma. In cases 

of complicated tooth fracture, the loss of root development 

with an open apex is a serious sequel. The traditional 

treatment protocols were surgery, retrograde sealing, and 

apical barrier formation with different materials and gutta-

percha obturation technique.
1
Apexification procedures with 

calcium hydroxide, Mineral trioxide aggregate used to 

provide an artificial barrier had their own limitations of long 

term therapy for barrier formation, non reinforcement of 

root canal dentin and a high cost. These approaches had the 

same disadvantage of leaving a tooth with thin dentinal 

walls susceptible to fracture and no further root 

development.
2
Recently, a novel "Regenerative concept", 

termed as Revascularization was introduced by Ostby in 

1961 and 1966. "Revascularization has been described as 

replacement of infarcted and necrotic pulp by ingrowing 

mesenchymal cells and capillaries, followed by deposition 

of hard tissue on the dentinal walls or by formation of bone 

in the pulpal lumen."
3
 Though, the nature of the hard tissue 

formed in the canal space following revascularization 

procedures is still under evaluation.
4 

The purpose of this 

review article is to introduce the novel concept of 

revascularization in the light of present research and to 

present the data in a scientific manner. 

 

Overview of Regeneration 

Regeneration' is used to describe 'the process in humans 

whereby lost specialized tissue is replaced by proliferation 

of undamaged specialized cells'. It empowers scientists to 

grow tissues and organs in the laboratory and safely implant 

them when the body cannot heal itself.
5
 The logic behind the 

evolution of regenerative endodontic procedures is that the 

pulp in a fully developed tooth plays no major role in form, 

function or esthetics and thus its replacement by a filling 

material in conventional root canal therapy is the most 

practical treatment.
6
Regenerative endodontics comprises 

research in adult stem cells, growth factors, organ-tissue 

culture, and tissue engineering materials. 

 

Overview of Potential Technologies For Regenration 

Endodontics 

Murray et al
7 

recognized the following dimensions of 

research that could have been utilized for the augmentation 

of regenerative endodontic techniques: 

Root canal revascularization via blood clot  

Postnatal stem cell therapy  

Pulp implantation  

Scaffold implantation 

Injectable scaffold delivery  

Three dimensional cell printing  

Gene delivery  

These regenerative procedures are based on the basic tissue 

engineering principles.
7
 

 

Overview of Revascularization 

Revascularization is the procedure to re-establish the vitality 

in a non-vital tooth to allow repair and regeneration of 

tissues.
8
 Although according to researchers, term 

revascularization is debatable as it suggests that the blood 

supply to the previously necrotic pulp space has been 

restored.
9 

Lenzi and Trope
10

 suggested the term 

revitalization as being more appropriate because it is 

descriptive of the non-specific vital tissue that forms in the 

root canal.  

 

Rationale for Revascularization 

The rationale of the revascularization is that if a sterile 

tissue matrix is provided in which new cells can grow, pulp 

vitality can be re-established.
11
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Criteria for Clinical Case Selection 

The American Association of Endodontists (AAE) 

Regenerative Endodontists Committee created a document 

entitled "Considerations for Regenerative Procedures"
12 

The 

AAE considerations for Case Selection suggest that the 

cases fulfilling following criteria can be considered for the 

revascularization. These are: 

Tooth with necrotic pulp and an immature apex. 

Apex open 1.5 mm allow in growth of tissues.
13 

Pulp space not needed for post/core, final restoration. 

Compliant patient/parent.  

Patients not allergic to medicaments and antibiotics 

necessary to complete procedure.
13

 

 

Clinical Technique for Revascularization 

A clinical protocol is followed to treat the immature teeth 

via revascularization procedure which is done in two 

appointments.
12

 (Table no. 2) Pulp revascularization using a 

triple antibiotic paste (TAP).
14   

(a)First appointment: 

Local anesthesia followed by isolation of the tooth with 

a rubber dam and disinfection of the tooth with 10% 

povidone-iodine (iso-Betadine) before opening it. Opening 

of the pulp chamber to canal entrance followed by irrigation 

of root canal with 20mL sodium hypochlorite (1.25%-

5.25%) then with physiological saline and finally with 2% 

chlorhexidine but No instrumentation in root canal. Drying 

root canal with paper points and insertion of the triple 

antibiotic paste into root canal. Placement of a cotton ball at 

the root canal entrance and sealing of the access cavity with 

a temporary filling  

(b) Second appointment (two or three weeks later if 

asymptomatic tooth and/or absence of fistula): 

Local anesthesia without vasoconstrictor followed by 

isolation of the tooth with a rubber dam and disinfection of 

the tooth with 10% povidone-iodine (iso-Betadine) before 

opening it.Opening the tooth to have a access to root canal 

Removal of the triple antibiotic paste using irrigation with 

sodium hypochlorite (1.25%-5.25%) then with 

physiological saline and finally with 2% chlorhexidine. 

Apical bleeding is initiated. Blood level must be at the 

cement-enamel junction. Preparation of mineral trioxide 

aggregate (MTA) and its placement on the clot and in order 

to form a hermetic seal. Place a wet a cotton ball on MTA 

filling and sealing of the cavity with a temporary filling. 

Composition and mixing instructions of triple antibiotic 

paste
15

 

3-Mix-MP Antibiotics (3 Mix)  

Ciprofloxacin 200mg  

Metronidazole 500mg  

Minocycline 100mg  

Carrier (MP)  

Macrogol ointment  

Propylene glycol  

The paste can be inserted in the root canal with a 

lentulo spiral or with a syringe type carrier. Once placed in 

the root canal, it should be tapped down in the canal gently 

with a moist cotton pellet to extend it to a point 1mm short 

of the root apex.
16

 

Patient Evaluation, Assessment and Recall 

The follow up should consist of clinical and radiographic 

examination. The clinical examination should reveal no pain 

to percussion /palpation and no soft tissue swelling or sinus 

tract. Post-operative periapical radiographs should be 

compared with pre-operative that whether there has been 

following.
17

 

Resolution of an apical radiolucency if it was present before 

treatment.  

An increased width of root walls.   

An increased root length.  

 

Mechanism of Revascularization 

Various researchers have stated the possible mechanisms for 

the revascularization procedure as: 

1. It is likely that few residual vital pulp cells at the apical 

end of the root canal
18,19

 might multiply into the newly 

formed matrix and transform into odontoblasts under 

the organizing influence of cells of Hertwigs epithelial 

root sheath and can lay down atubular dentin at the 

apical end, causing apexogenesis and on the lateral 

aspects of dentinal walls of the root canal, thereby 

reinforcing as well as strengthening the root. 

2. It may also be due to multipotent dental pulp stem cells 

present in abundance in immature teeth. These cells 

from the apical end can also attach on the existing 

dentinal walls and might differentiate into odontoblasts 

and deposit tertiary or tubular dentin. 

3. It could also be due to the existence of stem cells in the 

periodontal ligament
21,22

 which can increase rapidly and 

grow in apical end and within the root canal and deposit 

hard tissue both at the apical end and on lateral walls. 

4. The stem cells from the apical papilla (SCAP) or the 

bone marrow (BMSC). Instrumentation beyond the 

extent of the root canal to induce bleeding may also 

transplant mesenchymal stem cells from the bone into 

the canal lumen.
23

 

5. Another probable mechanism could be the blood clot 

which being a rich source of growth factors might 

stimulate differentiation, growth, and maturation of 

fibroblast, odontoblast, cementoblast etc. from the 

immature, undifferentiated mesenchymal cells in the 

freshly formed tissue matrix.
24

 

 

Nature of the Tissue Formed  

Radiographic changes in the length and thickness of the root 

could be an indication of pulp revascularization in the canal 

space.
25

 Anderson et al
13 

analysed more than 1200 

traumatized teeth and 370 auto transplanted premolars and 

gave four possible outcomes: Revascularization of the pulp 

with accelerated dentin formation causing pulp canal 

obliteration. Ingrowth of cementum and periodontal 

ligament. Inward growth of cementum, PDL, and bone. 

Ingrowth of bone and bone marrow. 

 

Clinical Complications in Revascularization Procedure 

The actual procedure encountered several different 

problems which were seen during the follow up and 
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required modifications. These problems were: Tooth 

discoloration: Bluish discoloration of the crowns was seen. 

Discoloration appeared on the day following the first 

therapeutic appointment, which is when the antibiotic 

mixture is placed in the root canal space.
26

 Hoshino et 

al
27

developed the triple antibiotic paste and demonstrated 

the effectiveness of the combination of minocycline, 

metronidazole, and ciprofloxacin in eliminating the bacteria 

from the canal space. The bluish discoloration or staining 

was reported because of the presence of minocycline in the 

paste. Sato et al
26

 and Hoshino et al
27

 both recognized that 

minocycline caused pigmentation and suggested that it can 

be replaced with amoxicillin, cefaclor, cefroxadin, 

fosfomycin or rokitamycin. Another reason for the presence 

of discoloration may be the use of grey MTA.
28

 Failure to 

produce significant bleeding may be the other cause of 

failure.
29 

It is seen that induction of significant blood clot is 

difficult to achieve. It serves to allow the migration of the 

stem cells along the canal consequently. Absence of such a 

clot would impede such a migration and thus adversely 

affect the treatment. It is hypothesized that absence of 

significant bleeding was caused by the epinephrine in the 

local anesthetic solution. Bleeding can be induced by 

overinstrumenting beyond the apex with slightly bent 

endodontic file dipped in calcium chelator 17% 

ethylenediaminetetraacetic acid. There can be collapse of 

MTA material in the canal space
30

 MTA is inserted on top 

of the newly formed blood clot. The MTA has a setting time 

of over 2.5 hours and attains an ideal seal at 48 hours and 

often the blood clot is not strong enough to withstand the 

MTA resulting in the collapse of the material. Placing of 

collagen matrix, Collaplug above the blood clot served as a 

solid absorbable matrix against which MTA could be 

packed.
31  

In some studies no significant results were seen in 

the first 6 months.
32 

The protocol called for recalls at 1, 2, 3, 

6, 12, 18 and 24 months. No significant radiographic 

changes noted before 6 month follow up appointment. So, it 

becomes mandatory to emphasize to the parents that success 

could only be achieved after a long period such as 2 years, 

and to adhere closely to the protocol. 

 

Challenges and Future Prospects 

The next innovation in endodontics is the expected to be the 

use of regenerative endodontic procedures which are needed 

to generate the pulp dentin complex.
33

The most challenging 

part of tissue regeneration is perhaps the functional tissue 

engineering and regeneration. Pulp tissue is very small, it is 

highly organized and complex. Regenerated pulp tissue in a 

tooth should be:
34 

i) Vascularized. ii) Containing similar cell density and 

architecture of extracellular matrix to those of natural pulp. 

iii) Capable of giving rise to new odontoblasts lining against 

the existing dentin surface and produce new dentin. iv) 

Innervated.
35 

Thus for the various regenerative procedures to be 

widely available and predictable, the clinicians have to 

depend on tissue engineering therapies to generate pulp in 

future.  

 

 
Fig. 1: The major domains of research required to develop regenerative endodontic procedures. 
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Fig. 2: Considerations for revascularization procedure. 
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Tables 1: Developmental approaches for regenerative endodontic technique. 
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Table 2: Pulp revascularization using a triple antibiotic paste (TAP) 

 

Conclusion 
The revitalization approach for managing immature 

permanent teeth with infected pulp and/or apical periodontit 

is allows the ingrowth of vital tissue consisting of tissues 

resembling cementum, PDL, bone. These tissues are not 

pulp tissues. They do not function like pulp tissue. The 

available case reports of pulp revascularization were 

generally reported on young patients (with high stem cell 

populations) and teeth with open apices. The proposed 

therapies involving stem cells, growth factors, and tissue 

engineering all require pulp revascularization, in itself an 

enormous challenge. One of the most challenging aspect is 

to understand how the various component procedures can be 

optimized and integrated to produce the outcome of a 

regenerated pulp-dentin complex. The future development 

will require a comprehensive research program directed at 

each of these components and their application to our 

patients. Based on the accumulated laboratory and clinical 

evidence, a road map to establish ''Regeneration of Pulp'' 

should thus be presented, as a solid consensus towards the 

future of dentistry. 
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