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Root canal revascularization attempts to make necrotic tooth alive by the use of certain simple clinical 
protocols. Earlier apexification was the treatment of choice for treating and preserving immature permanent 
teeth that have lost pulp vitality. This procedure promoted the formation of apical barrier to seal the root 
canal of immature teeth and nonvital filling materials contained within root canal space. However with the 
success of root canal revascularization to regenerate the pulp dentin complex of necrotic immature tooth 
has made us to rethink if apexification is at the beginning of its end. The objective of this review is to discuss 
the new concepts of tissue engineering in endodontics and the clinical steps of root canal revascularization. 
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Since ages the inflamed painful dental pulp containing nerves 
and blood vessels is removed by dentists and root canal system is 
obturated with synthetic materials, mainly gutta percha preventing 
any of the advantages that might be provided by regeneration of a 
functional pulp-dentin complex. Also when treating the necrotic but 
immature permanent tooth, the conventional treatments often leads 
to resolution of apical periodontitis, but the tooth remains suscep-
tible to fracture as a result of interruption of apical and dentinal wall 
development. Thus, one alternative approach would be to develop 
and validate a biologic restorative procedure where the pulp dentin 
complex is regenerated to restore the vitality of the tooth without 
the use of synthetic materials i.e. the development and delivery of 
tissues to replace diseased or damaged dental pulp which has the 
potential to provide a revolutionary alternative to pulp removal.

Tissue engineering in endodontics
The concept of tissue engineering was conceived by Langer 

and Vacanti in the early 1990s to describe the technique for biolog-
ical tissue regeneration1. Tissue engineering refers to the science 
of generating new living tissues to replace, repair or augment the 
diseased/damaged tissue and restore tissue/organ function2. It is a 
multidisciplinary field. 

The objectives of tissue engineering procedures in endodontic 
are to regenerate pulplike tissue, ideally the pulp-dentin complex; 
regenerate damaged coronal dentin, such as following a carious 
exposure; and regenerate resorbed root, cervical or apical dentin. 
Hence, the tissue of interest in regenerative endodontics includes 
dentin, pulp, cementum and periodontal tissue3.

Key elements of tissue engineering4

1. Adult stem cells which are capable of self replication and 
differentiation into specialized cells and also has ability to 
respond to morphogens by dividing or specializing.

2. Morphogens/Growth factors which are biological agents 
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INTRODUCTION

Regenerative endodontics is a treatment revolution in 
dentistry - the era in which root canal therapy brings 
diseased teeth back to life, rather than leaving a “non-vital” 

or dead tooth in the mouth. 
The literal meaning of regeneration is forming again (especially 

with improvements or removal of defects); renewing and recon-
stituting. In endodontics regeneration is the creation and delivery 
of tissues to replace diseased, missing, or traumatized pulp tissue. 
Hence it is a biologically based endodontic procedure designed to 
restore a functional pulp-dentin complex. 
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that regulate stem cells to form the desirable cell type. 
There are five major families BMPs, FGFs, Wnts, Hhs 
and TNFs, among which BMPs are mainly related to tooth 
regeneration.

3. Scaffolds which provide a biocompatible three dimentional 
structures for cell adhesion and migration. Scaffolds are 
either biological (e.g. collagen, glycosaminoglycan) or 
artificial (e.g. PLA, PGA, PLGA)

Techniques of tissue engineering in endodontics 
a) Root canal revascularization via blood clotting b) postnatal 

stem cell therapy c) pulp implantation d) scaffold implantation e) 
injectable scaffold delivery f) three dimentional cell printing and g) 
gene therapy. These techniques are based on the basic tissue engi-
neering principles and include specific consideration of stem cells, 
growth factors and saffolds.

a) Root canal revascularization via blood clotting
This technique makes the use of intracanal irrigants sodium 

hypochlorite, chlorhexidine with placement of antibiotics (a mixture 
of ciprofloxacin, metronidazole, and minocycline paste) for several 
weeks. This particular combination of antibiotics effectively disin-
fects root canal system and increases revascularization of avulsed 
and necrotic tooth5,6. 

Tetracyclin enhances growth of host cells on dentin, not by an 
antimicrobial action but via exposure of embedded collagen fibers 
or growth factors. It has been noted that reimplantation of avulsed 
tooth with an apical opening of 1.1 mm evidences greater likeli-
hood of revascularization7. This approach is being most commonly 
used as its technically simple and can be completed using currently 
available instruments and medicaments without expensive biotech-
nology. Hence it is also cost effective. Also the regeneration of tissue 
in root canal systems occurs by a patient’s own blood cells avoids 
the possibility of immune rejection and pathogen transmission from 
replacing the pulp with a tissue engineered construct. However 
there is potential risk of necrosis if the tissue becomes infected 
during or inbetween the procedure. Despite the simple technique of 
revascularization several concerns need to be still addressed. The 
case reports of a blood clot having the capacity to regenerate pulp 
tissue are exciting, but caution is required, because the source of the 
regenerated tissue has not been identified. The concentration and 
composition of regenerated cells are also not known. Hence it is 
very possible that variations in cell concentration and composition, 
particularly in older patients (where circulating stem cell concentra-
tions may be lower) may lead to variations in treatment outcome. 
Enlargement of the apical foramen is also necessary to promote 
vascularizaton and to maintain initial cell viability via nutrient 
diffusion in older patients. Hence a universally acceptable guideline 
should be prepared to make this procedure more clinically accept-
able and efficient.

b) Post natal stem cell therapy
The simplest method to administer cells of appropriate regen-

erative potential is to inject post natal stem cell into disinfected 
root canal system after apex is opened. Post natal stem cell can 
be derived from multiple tissues, including skin, buccal mucosa, 
fat, bone and pulp8. This approach is quick, easy to deliver, least 
painful and the cells easy to harvest. However there is also high 

risk of complication and low survival of stem cells. Whether the 
postnatal stem cells are producing new functioning pulp is still not 
clearly known hence requiring further research.

c) Pulp implantation
In pulp implantation, replacement pulp tissue is transplanted 

into cleaned and shaped root canal system. The source of pulp 
tissue may be a purified stem cell line that is disease or pathogen 
free or created from cells taken from biopsy that has been grown 
in laboratory. The cultured pulp tissue is grown in sheets in vitro 
on bio degradable polymer nano fibers or on sheet of extracellular 
matrix protein such as collagen I or fibronectin9. These cultured 
pulp tissue in sheets will be required to be rolled together to form 
a three dimensional pulp tissue, which can be implanted into 
disinfected root canal systems. These sheets are easy to grow and 
more stable than an injection of dissociated cells. However it is not 
much feasible as specialized procedures may be required to ensure 
that the cells properly adhere and fit to root canal walls. Sheets of 
cells also lack vascularity, so only the apical portion of the canal 
systems would receive these cellular constructs10. Then the coronal 
canal systems must be filled with scaffolds capable of supporting 
cellular proliferation. Hence much precision is needed for this 
technique. Also because the filters are very thin layers of cells, 
they are extremely fragile, and this could make them difficult to 
place in root canal systems without breakage. Hence reliable pulp 
implantation techniques must be developed before this procedure 
comes to clinical use.

d) Scaffold implantation
To create a more practical endodontic tissue engineering 

therapy, pulp stem cells must be organized into a three dimensional 
structure that can support cell organization and vascularization. 
This can be accomplished using a porous polymer scaffold seeded 
with pulp stem cells11. A scaffold contains growth factors to aid 
stem cell proliferation and differentiation, leading to improved and 
faster tissue development12. The scaffold may also contain nutrients 
promoting cell survival and growth and possibly antimicrobials to 
prevent any bacterial growth in canal system. In addition scaffold 
may exert essential mechanical and biological functions needed by 
replacement tissues13.

However to achieve pulp tissue regeneration, the scaffold 
must be resorsable by the surrounding tissue so that it need not be 
removed by another surgery14. It should also have high porosity 
with adequate pore size such that the cell and nutrients are easily 
diffused throughout the scaffold15. The rate of degradation should 
also match the rate of tissue formation. Most of the scaffolds in 
tissue engineering used in medicine are as bioresorbable sutures and 
as meshes used in wound dressings16. The type of scaffold materials 
is available as natural or synthetic, biodegradable or permanent. 
The synthetic materials include polylactic acid (PLA), polyglycolic 
acid and polycaprolactone17. Natural materials used are collagen or 
fibrin, chitosan and glycosaminoglycans18. However early results 
are promising, immune rejection should always be considered 
before using this technique. Advantages of this technique are the 
scaffold structure supports cell organization and some materials 
may promote vascularisation as well. However they do have a low 
survival rate after implantation and must be engineered precisely to 
fit in root canal space.
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e) Injectable scaffold delivery
Rigid tissue engineered scaffold provide excellent support 

for cells used in bone and other body areas where engineered 
tissue is required to provide physical support19. However in root 
canal system a tissue engineered pulp is not required to provide 
structural support of the tooth. This will allow tissue engineered 
pulp tissue to be administered in a soft three dimensional scaf-
fold matrix such as hydrogel. Hydrogel are injectable scaffold 
that can be delivered by syringe20. Hydrogel have the potential 
to be non- invasive and easy to deliver into root canal system. It 
promotes pulp regeneration by providing a substrate for cell prolif-
eration and differentiation into an organized tissue structure21. To 
make hydrogel more practical research is focusing on making 
them photopolymerisable to form rigid structures once they are 
implanted into the tissue site22. Advantages of this technique are 
easily delivered and promotes regeneration by providing substi-
tute for extracellular matrix. However there is a limited control 
over tissue formation with a low cell survival and at early stage. 
Research has yet to prove functional importance in vivo. 

f) Three dimensional cell printing
The final approach for creating replacement pulp tissue might 

be to create it using three this technique. Ink jet device is used theo-
retically to dispense layers of cell suspended in a hydrogel which 
recreates the structure of tooth pulp tissue.

The pulp tissue construct formed by this is technique resembles 
the natural tooth pulp maximum. The ideal positioning of cells 
will be when odotoblastoid cells are places around the periphery 
to maintain and repair dentin, with fibroblasts in the pulp core 
supporting a network of vascular and nerve cells. The three dimen-
sional cell printing technique can be used to precisely position 
cells23. Advantages are multiple cell types can be precisely posi-
tioned. Disadvantages are they must be engineered to fit root canal 
precisely; coronal and radicular asymmetry in the orientation of 
natural pulp tissue must be maintained. Early stage research has 
yet to prove the functional importance in vivo and the low cell 
survival is also a major drawback.

g) Gene therapy
This technique involves viral and non viral vectors to deliver 

genes for growth factors, morphogens, transcription factors, and 
ECM (extra cellular matrix) into target cells populations. Viral 
vectors are modified including retrovirus, adenovirus, adeno asso-
ciated virus, herpes simplex virus and lentivirus24. Non viral gene 
delivery systems include plasmids, peptides gene guns, DNA ligand 
complex, electroporation, sonopoartion and cationic liposomes25. 
The choice of gene delivery system depends on accessibility and 
physiological characteristics of target cell population. One use of 
gene delivery in endodontics would be to deliver mineralizing genes 
into pulp tissue to promote tissue mineralization. However there has 
been little or no research in this field and also not approved by FDA. 
This technique avoids the need of cleaning and shaping of root canal 
system, and the need to implant stem cells. However, it has a poten-
tial risk of health hazard.

Protocol for regenerative endodontic treatment 
(RET) via blood clotting

As revascularization is most widely used simple clinical 

techniques of tissue engineering in endodontics we are describing 
its clinical steps. Revascularization should include appropriate case 
selection, with a strict disinfection protocol and use of antimicrobial 
paste to achieve complete asepsis and blood clot formation in canal 
space followed by placement of an MTA barrier, or equivalent over 
blood clot with a final restoration and follow-up at regular intervals. 

i) Case selection 
Currently there is no evidence-based guideline to help clinicians 

determine which condition of cases can be treated with this conser-
vative approach. The presence of radiolucency at the periradicular 
region can no longer be used as a determining factor, nor is the 
vitality test as in both situation, vital pulp tissue or apical papilla 
may still present in the canal and at the apex. Logically, any remnant 
of visible soft tissue that can be visualized under the dental micro-
scope should give the clinician an incentive to take the conservative 
approach, even though the soft tissue may be purely granulation 
tissues. However, one can also not rule out the possibility that there 
are not any remaining pulp tissues in the very apical part of the canal 
only because it cannot be detected clinically26.

Although case reports on revascularization are largely from teeth 
with incomplete apical closures, it has also been noted that reimplan-
tation of avulsed teeth with an apical opening of approximately 1.1 
mm demonstrate a greater likelihood of revascularization27. This is 
mainly because in enlarged apical foramen there is a high chance of 
survival of remaining vital pulp in the canal since open apex provides 
a good communication from pulp space to the periapical tissues, 
therefore it may be possible for periapical disease to occur while the 
pulp is only partially necrotic and infected. It is necessary to promote 
vascularization and maintain initial cell viability via nutrient diffu-
sion and oxygen supply. This finding suggests that revascularization 
of necrotic pulps with fully formed (closed) apices might require 
instrumentation of the tooth apex to approximately 1 to 2mm in apical 
diameter to allow systemic bleeding into root canal systems27. 

Another obvious consideration is the duration of the infection. 
The longer the duration of infection lesser will be the no. of survived 
remaining pulp tissue and stem cells. Additionally, the longer the 
infection there is in the canal, the more likelihood of a deeper pene-
tration of microbial colonies into dentinal tubules. This renders 
the disinfection more difficult to accomplish26.The technique also 
shows maximum positive outcome in young adults as younger adult 
patients generally have a greater capacity for healing.

Since there is a lack of clinical studies on the success rate of 
treating immature teeth with periradicular bone resorption, the 
conservative approach should considered first. Apexification is only 
undertaken when the attempt is failed26. If no signs of regeneration 
are present after three months, then more traditional treatment 
methods can be initiated28. Finally patient compliant and informed 
consent need to be taken before starting the procedure, as the 
outcome of the procedure is not definite until now.

ii) Disinfection protocol
The management of immature teeth by revascularization should 

have minimal or no instrumentation, irrigation with sodium hypo-
chlorite, hydrogen peroxide and/or Peridex; and intra-canal medica-
tion with antimicrobial agents consisting of equal parts of metroni-
dazol, minocycline and ciprofloxacin in a paste form. A successful 
vital pulp treatment requires a good sealant against bacteria, no 
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severe inflammatory reactions, and stable haemodynamic within 
the pulp. Use of intracanal irrigants (NaOCl and chlorhexdine) with 
placement of antibiotics (e.g. a mixture of ciprofloxacin, metronida-
zole, and minocycline paste) for several weeks as a means of disin-
fection of the canal is a very important step to achieve revasculariza-
tion. NaOCl has been used between 2.5–5.25% concentrations. 3% 
hydrogen peroxide and/or Peridex(chlorhexidine gluconate rinse) 
has also been used26. One study has also used 10% Povidine iodine29.

Calcium hydroxide is not recommended as intra-canal 
medicament 

1. To prevent damage of the remaining pulp tissue, apical 
papilla and HERS(Heartwig’s epithelial root sheath). 
Ca(OH)2 may damage and thereby destroy the ability 
to induce the nearby undifferentiated cells to become 
ododontoblasts30. 

2. Direct contact of Ca(OH)2 paste with the tissue which will 
induce the formation of a layer of calcific tissue which may 
occlude the pulp space, therefore preventing pulp tissue 
from regeneration31 .

The gentle treatment regimen is an attempt to conserve any 
viable tissues that may be remained in the canal system which harbor 
stem cells, i.e., SCAP in the apical papilla and DPSCs (dental pulp 
stem cells) in the pulp. Avoidance of trauma to the tissue around 
the apex is adviced. After proper disinfection, the remnants of the 
survived HERS at the apices of immature teeth may organize the 
apical mesodermal tissue into root components. 

In the first appointment continuous irrigation with NaOCl 
should be carried out for 30 min at every 5 minutes. This contin-
uous procedure completely disinfects the root canal, as the survival 
of microorganisms or its toxins will prevent the revascularization 
procedure. In the next appointment, after 1 week irrigation of the 
canal is again carried out for 15 min. If vital tissue is present in 
the canal the concentration of NaOCl used is 5.25% and if it is 
not present and revascularization is carries by blood clot, then the 
concentration used by most authors is 1.25-2.5%29,31,32. 

Revascularization procedure has also been carried out only with 
the copious irrigation of the canal without instrumentation31,33. The 
noninstrumentation procedure using 6% NaOCl and 2% chlorhex-
idine coronal irrigation has shown to preserve the remaining vital 
dental pulp stem cells in single step revascularization procedure. 
Hence it is believed to be critical for pulp revascularization33. 
However Rossi-Fedele et al have showed that formtion of precip-
itate when CHX and NaOCl are mixed leading to discoloration and 
other side effects34. Combination of 17% EDTA with 6% NaOCl 
is safe till now and has showen to be effective for regeneration of 
pulpal stem cells35. Ethylenediaminetetraacetic acid (EDTA) very 
effectively releases growth factors from human dentin as well as 
help in the survival of stem cells of apical papilla36,37. 

iii) The use of antimicrobial paste
As calcium hydroxide has its own disadvantages in revascular-

ization process, combination of antibiotic paste has been used as a 
intracanal medicament. By using the antibiotic paste, the pulp tissue 
is able to fill in the remaining canal space. There is a particular combi-
nation of antibiotics which effectively disinfects root canal systems 
and increases revascularization of avulsed and necrotic teeth. This 
combination includes metronidazol, minocycline and ciprofloxacin, 

which is known as triple antibiotic paste. The triple-antibiotics 
regimen was first tested by Sato et al. to be effective against the 
Escherichia coli infected dentin in vitro5. The same research group 
also tested their bactericidal efficacy against microbes from carious 
dentin and infected pulp. They found that the mixture of antibiotics 
is sufficiently potent to eradicate the bacteria6. 

The application of antibacterial drugs may represent one method 
of eradicating bacteria in root canal treatment. This concept is also 
known as Lesion Sterilization and Tissue Repair (LSTR) therapy.

 This technique has been developed by Cariology Research Unit 
of Nigata University School of Dentistry, Japan38. Composition 
and mixing instructions for the tri-antibiotic paste is adapted from 
Hashino et al.6 Antibiotics (3M mix-MP) combines Ciprofloxacin 
200mg, Metronidazole 500mg, Minocyclin 100mg and a carrier 
(MP): Macrogol ointment or Propylene glycol is used. The combi-
nation of drugs has been shown to penetrate efficiently through 
dentine from prepared root canals, suggesting that topical applica-
tion of the drug combination may be potent in sterilizing lesions in 
root canal treatment6.

Disadvantages of using antimicrobial paste 
The concern of the antibiotic paste is that it may cause bacterial 

resistance. Also, the paste contains both bactericidal (metronidazol 
and ciprofloxacin) and bacteriostatic (minocycline) antibiotics26. 
Additionally, minocycline may cause tooth discoloration. A case 
report has shown dark discoloration of anterior tooth after use of 
triple antibiotic paste39. However the use of dentin banding agent 
reduces the intensity of discoloration, but it does not eliminate the 
problem. Hence the possible esthetic problems with the tooth colour 
should be considered when using minocycline as a canal medica-
tion. Also the effect of minocycline in inducing growth factor and 
exposure of embedded collagen has to be further verified.

iv) Blood clot formation in canal space
Revascularization can be carried out with or without the forma-

tion of blood clot. As until now no guideline has been proposed for 
revascularization, it is completely on the clinican to decide whether 
the canal should be instrumented for inducing blood clot or not 
depending on the visual or tactile perception of soft tissue remaining 
within the root canal system. Lack of responsiveness to cold or elec-
tric testing is not considered to be indication of loss of vitality, as 
most of the revascurlarization procedures are carried out in imma-
ture tooth wit open apex. Despite the preoperative irresponsiveness 
of vitality testing of the tooth, if some vitality is noted during treat-
ment either by sensitivity to instrumentation within the root canal 
system or by the visual or tactile perception of soft tissue remaining 
within the root canal system then blood clot is not induced within 
the canal space, as the remaining vital pulp supplies the stem cells 
and growth factor responsible for revascularization32.

However if there is lack of evidence of residual vital pulp tissue 
within the root canal system either by tactile or visual perception 
then treatment is administered with the addition of evoking an 
intracanal blood clot. Induction of bleeding to facilitate healing is 
a common surgical procedure. It was first proposed by Ostby in 
1961 to induce hemorrhage and form blood clot in the canal space 
of mature teeth in the hope to guide the tissue repair in the canal40. 
Later in 1974 Myers and Fountain attempted to regenerate dental 
pulp with blood clot filled in the canal41. The mechanism of how a 
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SCHEMATIC REPRESENTATION OF STEPS OF REVASCULARIZATION:

Rubber dam isolation 

Access gained to the root canal 

Visual or tactile perception of soft tissue remaining within the root canal system

Copious, gentle irrigation with 20ml NaOCl every 5 minutes for a total of 30 minutes

Dry canals

Mix 1:1:1 ciprofloxacin:metronidazole:minocycline

Deliver into canal system via Lentulo spiral, MAP system or Centrix syringe 
and placed below CEJ ( to minimize crown staining)

Seal with 2 mm-thick cavit as an inner layer and 2mm-thick durable cement 
such as glass ionomer as the outer layer 

Patient recalled after 2 weeks for evaluation 

Asymptomatic  Symptomatic 

Canal system irrigated with 10 ml NaOCl plus 17% EDTA for 15 min Irrigate and redress with triple antibiotic paste

Vital tissue present in the canal Vital tissue not present in the canal 

MTA is placed in the canal over 
remaining vital tissue/Clot 

Induce blood clot by overnstrumentation, 
wait for 15 min for clot formation 

Canal sealed with moist cotton pellet and cavit 

Patient recalled after 2- 3 weeks 

Tooth asymptomatic Tooth symptomatic 

Interim restorative material( GIC or bonded 
resin) 

Re evaluate and repeat the procedure 

Periodic follow-up 
If no evidence of revascularization even after 3 months 

Apexification may be carried out 
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blood clot benefits the root canal revascularization is not entirely 
clear, although the possible reasons could be that blood clot may 
act as a natural fibrin scaffold for cell attachment, proliferation, and 
differentiation to facilitate the regeneration and repair of tissues into 
the canal32. SCAP cells from the apical papilla may migrate into the 
root canal and produce dentin-pulp complex-like tissue and delivers 
abundant growth factors within the blood clot, such as platelet-de-
rived growth factor which will aid in revascularization.

Haemorrhage is induced by over instrumentation with either 
endodontic files or an endodontic explorer penetrating slightly into 
the remaining pulp tissue or periapical tissue. This procedure induces 
bleeding into the canal and the bleeding is left for 15 minutes so that 
the blood would clot in the canal and stopped at a level 3mm below 
CEJ. MTA is then placed over the blood clot32. 

At this point, it is unsure of which factors in the blood clot are 
important. When these factors are isolated, they can be incorporated 
into a synthetic scaffold that will be easier to for clinicians to manip-
ulate compared with a blood clot28. However platelet rich plasma as 
been tried as an successful clinical alternative. Ding et al. discussed 
the value of use of PRP in whom it is difficult to produce bleeding in 
the canal with a file42. A recent case report has suggested the possi-
bility of PRP as a potentially ideal scaffold for pulp revitalization in 
tooth with necrotic pulp and a periapical lesion43.

Currently, there is lack of histological evidence showing that 
blood clot is required for the formation of repaired tissues in the 
canal space, nor are there systematic clinical studies to show that this 
approach is significantly better than without it26. One study using a 
dog model showed no statistical significance of healing by inducing 
blood clot into the canal, although the authors of the study suggested 
the inclusion of blood clot to improve the chance of healing44.

v) MTA barrier, or equivalent, placed over blood 
clot, Final restoration and follow-up

Once the intracanal infection is controlled and a physical scaf-
fold to promote cell growth and differentiation has been achieved, 
next important step is coronal seal to prevent reinfection43. In revas-
cularization after inducing blood clot, MTA is placed over the clot. 
If revascularization is carried out without the use of blood clot then 
after drying the canal with paper point, MTA is placed carefully 
over the tissues in the root canal. A small piece of collacote may 
be placed at the pulp chamber to support the MTA cement which 
is to be placed over it. This is followed by the placement of a wet 
cotton pellet and temporary filling material. Patient is then recalled 
after 2- 3 weeks and if the tooth is asymptomatic then the tempo-
rary filling material and the cotton pellet is replaced with a bonded 
resin restoration or glss ionomer cement32. Some authors suggest 
the direct placement of resin restoration after the MTA is set29. The 
use of MTA is for its excellent microleakage-proof property and 
biocompatibility. Additional placement with glass ionomer/resin 
provides a double seal, further securing the sealing ability and the 
integrity of the filled access.

The tooth should be followed up periodically to observe the 
maturation of the root. If after several rounds of intra-canal irriga-
tion and medication the clinical symptoms show no sign of improve-
ment, i.e., persistent presence of sinus tract, swelling and/or pain, 
apexification procedure should then be carried out. If no signs of 
regeneration are present after 3 months, then more traditional treat-
ment methods can be initiated28.

CONCLUSION
Hence due to the emergence of regenerative endodontics 

concept, clinicians should re-evaluate current clinical protocols 
when treatment planning of certain clinical cases. This is especially 
important in dealing with immature teeth, as they are still at the 
growing phase and likely to carry potent stem cells that enables the 
tissue to regenerate and repair better than matured tissues. There-
fore, a clinical protocol that favours the reservation and conserva-
tion of the harboured stem cells in the tissue should be considered, 
i.e., conservation of stem cells to allow endodontic tissue self-regen-
eration in disinfected immature permanent teeth. 

Several technologies have been developed for delivering regen-
eration of pulp dentin complex e.g. root canal revascularization via 
blood clot, postnatal stem cell therapy, pulp implantation, scaffold 
implantation, injectable scaffold delivery, gene therapy and three 
dimensional cell printing. Most recently interesting animal experi-
ments have been reported in which a gel of collagen and biologically 
active chemicals was applied in the root canal. But probably the 
most interesting experiments in this regard, however are the attempt 
to induce ingrowth of new connective tissue into the root canal by 
means of a blood clot.
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