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In the previous lecture we talked about treatment of vital young permanent teeth, in this lecture we're going to talk about non vital young permanent teeth.

We have 2 options: Apexification and Revascularization.

1.Apexification:
 it’s a method of treatment for immature permanent teeth in which root growth and development stopped due to pulp necrosis and we have wide open apex and thin walls.

-Purpose of apexifications is to allow formation of an apical barrier to condense the root canal filling against it, it is performed in insicors that lost vitality after a traumatic injury and it’s also indicated in non vital immature teeth after carious exposures.
The apex in immature teeth may present in two variations; either divergent and flaring apical foramen called blunderbuss apex which is very wide apex. or parallel to convergent apex but also open.

In both forms conventional endodontic treatment can't be performed as it’s impossible to achieve an apical seal that will prevent the extrusion of the filling material.

So diagnosis should be based on history taking, clinical assessment with special investigations and radiographic assessment … when the diagnosis of irreversible pulpitis, pulp necrosis and acute or chronic apical periodontitis has been established, treatment will be planned accordingly.
The most important consideration is whether the tooth can be restored to function and esthetic depending on the tooth prognosis, if it is decided that the tooth is restorable then apexification can be carried out.

Steps of the treatment:
1-proper isolation.

2-Coronal access which should be wide enough to include the pulp horns.

3-Complete unroofing to remove all the non vital pulp in the pulp chamber to prevent future contamination and discoloration. 
4-very gentle debridement of the root canal because of the root’s thin walls, irrigation with disinfecting solution like (0.5-2.5) sodium hypochlorite or chlorhexidine should be done without pressure because we have wide open apex ( the needle should be loose inside the root canal).

*the length of the root canal should be determined radiographically because using electronic apex locator is not reliable in teeth with open apices, you can also take a check radiograph by putting a file with an estimated working length and take an xray to check if the length is right or not.
*minimal instrumentation is advised to prevent damage to the thin dentinal walls.

You can use either non setting calcium hydroxide or MTA for apexification.

Calcium hydroxide disinfects the canals and can induce apical closure, its high PH (12-12.5) and low solubility keeps its anti-microbial effect for a long period.
Calcium hydroxide is anti-microbial because it releases hydroxyl ions which can cause damage to the bacterial cellular component.
A Calcium hydroxide dressing and a paste consistency then can be injected.
         We should dry the canals with paper points before injecting Calcium hydroxide.
        Calcium hydroxide is injected with lentulo spiral ( we don’t use it) or you can condense it with a cotton roll; you place a small cotton pallet on the opening of the canal and then a temporary filling is placed to seal the tooth, we use either glass ionomer or IRM in order to prevent any damage to the pulp.

*The cotton pallet should not be too small because if it was too small it will get inside the canal closing it.
-The second appointment should be 2weeks-month later, calcium hydroxide should be removed with gentle debridement and irrigation. 

-The aim of this visit is to complete the debridement and to remove the tissue remnant denatured by the Ca(OH)2 dressing that cannot be removed mechanically at the first appointment, at the second visit Ca(OH)2 base should be re-injected again in the root canal.

-The tooth is monitored clinically and radiographically at 3 months intervals, if we noticed some Ca(OH)2 was lost we need to open the tooth and inject the dressing again and when a calcific barrier can be seen in the radiograph, the tooth is re-opened and biomechanically cleaned by sodium hypochlorite irrigation or sometimes if we can’t see it radiographically we should examine the apical area with a file or a paper point to the working length in order to determine the completeness of the apical barrier, if we notice blood on the paper point or if the barrier is not complete and the patient feels the touch of the paper point, the apexification procedure  is reestablished until a complete barrier is formed.
The frequency with which the Ca(OH)2 is changed is controversial but in general every 3 months is recommended, other say every six months.
Often patients stop attending the clinics after pain is gone, and they come late when apexification has failed.

The root canal is filled with guttapercha and the tooth is restored.

Apexification with Calcium hydroxide is predictable procedure, if done correctly and if the patient was cooperative an apical barrier will be formed in 74-100%  of the cases.
Apexification with Calcium hydroxide requires multiple visits and could take a year or more (up to 18 month) to achieve complete apical barrier that would allow root canal filling using gutta percha and sealer so it need patient compliance.

Disadvantages of apexification with Calcium hydroxide:

1-Patient might not come back after the first visit when you deal with the acute symptoms.

2-The nature of Ca(OH)2 (higher alkalinity) may significantly increase the risk of root fracture after long term application, that’s why people started using MTA apexification.
Non setting Ca(OH)2 is successful, you get apical seal but because of the thin walls denatured by Ca(OH)2 tooth might fracture so we end up taking the tooth out.
-MTA  Apexification:

-After removal of the coronal and non vital radicular tissue just short of the root end, a biocompatible agent such as Ca(OH)2 is placed in the canal just for 2-4 weeks to disinfect the canal space .

-At the following visit, MTA can be placed at the apical portion of the immature root that will act as an apical plug after setting. 

-After the two visits, you can fill the root canal.

-The MTA product powder is mixed with supplied sterile water, a moist cotton pallet or paper point left in direct contact with the material and left until the follow up appointment.
-Hydration of the powder results into a colloidal gel that solidifies into a hard structure in 3-4 hrs.

-Sometimes the apex is blunderbuss(which is so wide) so the instances of complete closure cannot be accomplished by MTA  and an absorbable collagen dressing can be placed at the root end to allow MTA to be packed with the canal space , it is resorbable so it will go away and we will have the MTA as an apical plug .
Small pieces of synthetic collagen material can be gently compacted using hand pluggers to produce a barrier at the level of the apex.
MTA is placed in the apical area as determined by the radiograph using special carriers or endodontic pluggers.

A radiograph is taken to confirm adequate placement of MTA to form an apical stop approximately 3-4 mm thick then we seal the tooth after putting a moist paper point. 

The blunt end of the paper point is moisten with water and left in the canal to promote setting, a cotton pallet is placed in the chamber and the tooth is restored with temporary filling then we can use guttapercha to fill the remaining canal space and if the walls of the canal are too thin we can use composite resin to fill the canals instead of guttapercha to strengthen the tooth against fracture because we have very thin walls.
It was demonstrated that the resistance to fracture of immature teeth could be increased by using resin modified glass ionomer inside the root canal.

Advantages of MTA apexification:

It reduces the time needed for completion of the treatment and restoration of the tooth.
MTA has osteoinducting properties and sets in the presence of water.

Less patient compliance is required( the number of visits is reduced).
The dentine will not lose its physical properties.
The material allows earlier restoration of the tooth thus minimizing the likelihood of root fracture.

** It’s good to do apexification and to place composite in the root canal to strengthen the walls but still it’s much better to get apexogenesis ( completed root formation + thickening of the walls) .
Revascularization (devitalization): It is the attempt to grow the tooth even after it becomes non-vital.
With immature permanent teeth requiring pulp therapy, the pulpal status traditionally determine the treatment modality, if it is vital you do apexogenesis and if its non-vital you do apexification.
Certain clinical observations reported recently that apexogenesis may occur in teeth that have non vital pulps so apexogenesis can occur even in teeth which have a non-vital pulp( we are talking about teeth with wide open apices).
A new protocol has been suggested in which hemorrhage is induced to fill the canal with a blood clot as a scaffold to allow generation of live tissues in the canal space and continue the root formation and wall thickness .
There are retrospective studies, prospective clinical studies and case reports utilizing a blood clot revascularization technique have a promising outcome characterize by the absence of clinical disease, regression of an apical lesion radiographically and continued root development .
This new protocol of treatment coincide with the recent concept of the regenerative medicine which promotes the research and practice of tissue regeneration.

The dental papilla at the wide open apex contains stem cells that are robust, these stem cells survive the infection and retain the capacity to give rise to a new odontoblasts influenced by hertwig epithelial root sheath allowing new root dentine to form and root maturation to precede to  completion.

The structure that is formed is not a pure dentine and cementum but at least its forming and there is thickening in the walls.
Direct contact of Ca(OH)2 paste with the tissue  will induce the formation of a layer of calcific tissue which may occlude the pulp space therefore preventing pulp tissue from regeneration.

Another concern is that Ca(OH)2 may damage the hertwig epithelial root sheath by destroying its ability to induce the nearby undifferentiated cells to become odontoblasts.
Instead of using calcium hydroxide as an intracanal medicament between visits to disinfect and to induce an apical barrier formation, a triple anti-biotic paste ( a mixture of ciprofloxacin, metronidazole and minocycline)  is used for the purpose of disinfection only because we are going beyond the apex and the high alkalinity of Ca(OH)2 can denature the cells that we need to stay vital.

-It is quite new and promising technique .

-Disadvantage of using the anti-biotic paste is tooth discoloration to a bluish gray hue, minocycline maybe responsible for that.
Patients and parents should be advised of potential staining and the subsequent need for bleaching, after 3 months if there is no radiographic signs of regeneration then you move to apexification or non surgical root canal treatment can be initiated.

So the treatment protocol is:
Access preparation, irrigate the canal with sodium hypochlorite or chlorhexidine and dry the canal with paper point, place the anti-biotic mix in the canal for 4 weeks, confirm the absence of exudates , irrigate the canal again with sodium hypochlorite and gently prop the canal to induce bleeding , allow the clot to form below the CEJ ,then we place MTA , place wet cotton pallet and a temporary filling over clot for 2 weeks then replace TF with a definitive restoration .

Some recommendations to improve the prognosis :

Using anesthetic without vasoconstrictor to help induce bleeding in the canal space.
Using a collagen product such as collaplug at the barrier over the clot contain the MTA. 

Advantages:

1.Shorter over all treatment time.

2.Infection control. 

3.Cost effectiveness. 

4.Root lengthening.
5.Hard tissue deposition.
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