
ABSTRACT
The endodontic treatment of permanent teeth with open apices and necrotic pulp is considered one of the most complex 
challenges for clinicians. Tooth with open apices show thin radicular walls have increased susceptibility to fracture, the 
wide lumen of the apical foramen makes it difficult to maintain the filling material inside the root canals and Difficult 
for proper cleaning mechanically. In order to avoid excessive root weakness the treatment of such cases depends on 
various factors and is a multifactorial process. This study aims to formulate certain guidelines which the clinician can 
follow in such case scenarios to best provide a treatment outcome for such case scenarios.
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INTRODUCTION

The endodontic treatment of permanent teeth with open 
apices and necrotic pulp is considered one of the most 
complex challenges for many clinicians. Usually, these 
teeth are associated with young people who develop 
early cavities, have a morphological anomaly or have 
suffered a dental trauma that prematurely halts root 
development (Flanagan, 2014) The cause of open apex 
formation in permanent teeth is due to a wide variety of 
factors such as pathological (external inflammatory root 
resorption) or iatrogenic (over-instrumentation) factors, 
that modify the mature apical lumen diameter (Plascencia 
et al., 2017). Various methods have been employed by 

different authors for the assessment for the growth of 
tooth development. Several authors have used different 
classification for the assessment of root development 
(Sapir and Shapira, 2008). 

The most commonly used is the classification given by 
Cvek et al (4) who had arrived at a classification for 
root development by doing a retrospective study on 885 
single rooted teeth. Cveks described the stages of tooth 
development in 5 stages, Stage 1: less than half the root 
length, Stage 2: half the root length, Stage 3: 2/3 of the 
root length, Stage 4: Wide open apical foramen with 
almost complete root formation, Stage 5: Closed apical 
foramen formation with complete mature apex formation. 
While in Stage 5 the root formation is complete but 
the other stages such as Stage 1-3 have an open apex 
formation and cause a dilemma in the treatment protocol 
among various clinical practitioners. 

The major dilemma is seen in conditions where the 
root development is classified into the first 3 stages 
due to the various treatment modalities available such 
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but many of the authors have not taken in regard the 
degree of root formation of the tooth. Recently literature 
has shown that the degree of root formation also plays 
a role in the development of the immature permanent 
tooth with open apex.

Mechanism of Action of Root Formation: The major 
criteria for regenerative endodontic therapy are to release 
as many growth factors as possible which enables the 
physiological development of the root. These growth 
factors are present in the dentinal matrix. The most 
commonly seen growth factors are TGF-β1, fibroblast 
growth factors 2 (FGF2) and platelet derived growth 
factors (PDGF) with each of the growth factors being 
specific in its function such as TGF-β1, FGF2, VEGF and 
insulin-like growth factors stimulate cell proliferation, 
BMP and FGF2 promote dentinogenesis and PDGF and 
vascular endothelial growth factors (VEGF) controls 
angiogenesis. The combined effect of these growth 
factors enables the continuous development of the roots 
until the root formation is complete (30).
 
Management of Tooth With Necrotic Pulp and Open 
Apex
1.  Pulp sensibility testing: The use of pulp sensibility 
testing gives the clinician invaluable information on 
the health status of the pulp. Various tests have been 
administered for the assessment such as cold test, 
Electric pulp testing, and Heat tests. Fuss et al (Fuss et 
al., 1986) in their in-vivo study had done an analysis 
in which they assessed the pulpal response and found 
dichlorodifluoromethane (DDM) to be much superior 
compared to CO2 snow. Levin et al (Levin, 2013)showed 
that the response had been similar to permanent tooth 
with mature apex in most of the case scenarios. The non 
vital tooth usually shows negative response due to failure 
to stimulate the nerve stimulus in the tooth. 

2. Access opening: The access opening can be done 
using Endo access bur. One of the major factors to be 
considered for such case scenarios is the preparation of 
straight-line access from the coronal reference to the 
apex. Schroeder et al (Schroeder, Walton and Rivera, 
2002)had done a study to evaluate the significance of 
straight line access and found that canals with a straight 
line access had shown a lesser deviation of working 
length when compared to curved canals This necessitates 
the significance of straight line access.

3. Working length determination: The working length 
should be kept 2mm short of apex followed by which 
enlargement of the coronal orifice is done using Gates 
glidden drills. The orifice enlargement is done followed 
by cleaning and shaping of the canal is done using Hand 
instruments such as  K – files up to the desired length.

4.  Instrumentation: Growth factor and other cells 
are essential for the regeneration process could also 
be eliminated by instrumentation. Two types of cells 
are required to achieve a normal root development: 
odontoblasts and epithelial cells of Hertwig’s epithelial 
root sheath (Zeichner-David et al., 2003). Another 

as apexification (Rafter, 2005; Sapir and Shapira, 
2008) or regenerative endodontic procedure (Lee et al., 
2015) depending on the various factors (Govindaraju, 
Neelakantan and Gutmann, 2017; Azeem and Sureshbabu, 
2018; Jenarthanan and Subbarao, 2018; Manohar and 
Sharma, 2018; Nandakumar and Nasim, 2018; Teja, 
Ramesh and Priya, 2018; Janani and Sandhya, 2019; 
Khandelwal and Palanivelu, 2019; Malli Sureshbabu 
et al., 2019; Poorni, Srinivasan and Nivedhitha, 2019; 
Rajakeerthi and Ms, 2019; Rajendran et al., 2019; 
Ramarao and Sathyanarayanan, 2019; Siddique and 
Nivedhitha, 2019; Siddique et al., 2019; Siddique, 
Nivedhitha and Jacob, 2019).

Definitions
Regenerative endodontic procedures can be defined 
as biologically based procedures designed to replace a 
damaged structure, including dentin and root structure 
as well as cells of the pulp-dentin complex (Murray, 
Garcia-Godoy and Hargreaves, 2007). Apexification is 
a method to induce a calcified barrier in a root with an 
open apex or the continued apical development of an 
incompletely formed root in teeth with necrotic pulp 
(25) (AAE-2015)

Considerations
Different factors are to be considered for the treatment 
of such cases 
1.	A ge
2.	P atient Cooperation 
3.	A pex diameter
4.	 Degree of infection in the canal
5.	 Degree of root formation of the immature 
tooth

Age: It is seen in various reports that the patient of 
a young age has a better success rate of regenerative 
endodontic procedure compared to older individuals. 
It was seen that ages of 8-16 years are the more ideal 
candidates for regenerative endodontic procedure 
depending on various clinical studies (Banchs and Trope, 
2004; Araújo et al., 2017). Patient Cooperation: This 
is another major factor associated with the treatment 
selection for management of immature permanent tooth. 
One of the main disadvantages for revascularization 
procedure is the follow-recall period in which the 
patient requires to come in subsequent time intervals 
for evaluation

Apex Diameter: The width of the apex diameter plays 
an important role in the treatment selection criteria with 
literature showing that if the apex diameter is more than 
1.1mm then the treatment of choice is apexification

Degree of infection in the canal: Elimination of microbial 
organisms form the root canal system is one of the major 
criteria for the disinfection. 

Degree of root formation of the immature tooth: 
Various authors (Kahler and Rossi-Fedele, 2016; Austah 
et al., 2018; Kim et al., 2018),  have successfully done 
the treatment of the immature tooth with open apex 
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one of the factors to be considered is the apical area 
inflammation which secondary odontoblasts with vital 
stem cell preservation. For the regenerative endodontic 
procedure, minimal instrumentation has shown major 
success in the treatment of tooth because it has shown 
in various studies that minimal instrumentation 
better treatment outcome when compared to complete 
instrumentation due to studies showing that it does not 
interfere or degrade the SCAP cells present in the apical 
papilla region (Galler, 2016). 
 
5.  Disinfection of the Root Canal System: Disinfection 
of the root canal system is critical for the success of 
endodontic treatment procedure as this has a major effect 
on the prognosis of treatment. The presence of infection 
has many adverse effects which prevents regeneration, 
repair and stem cell activity. Chemical disinfection 
of the root canal system is not solely dependent on 
bactericidal and bacteriostatic properties of the agents 
as these irrigants and medicaments should not damage 
the survival and proliferative capacity of the patient’s 
stem cells. It is recommended in guidelines that an 
irrigation regimen of 5.25% sodium hypochlorite is 
recommended for 1 minute. A study done by Mohmmed 
et al (Mohmmed et al., 2017)had shown different results 
showing that even with the irrigation of 5.25% sodium 
hypochlorite for 1 minute couldn’t efficiently clear out 
the E. faecalis biofilm. Martins et al (Martin et al., 2014) 
have shown that fusage of 1.5% sodium hypochlorite 
had lesser effect on the SCAP cells when compared to 
6% sodium hypochlorite used in their study. Another one 
factor to be considered is the biocompatibility issue for 
these commonly used irrigants which have shown to have 
cytotoxic potential to the cells. In order to counter this 
various other alternative irrigants have been used such as 
Noni juice and Aquatine EC. Further research should be 
done for seeing its significance in clinical scenarios.

In the case of apexification the irrigation protocol 
to be used is 5.25% sodium hypochlorite and 17% 
EDTA solution as a final irrigant (Shabahang, 2013). 
It is seen that tissue dissolving capacity of sodium 
hypochlorite varies depending on the concentration 
used the recommended protocol to be used is 5.25% 
sodium hypochlorite and 17% EDTA as final irrigation 
for cases with mature apex formation but chances of 
extrusion of these chemical agents is much higher for 
a tooth with immature apex. The clinician should take 
utmost care when using solutions for these types of 
case scenarios and care should be taken when doing 
these types of cases. One of the methods of reduction 
of apical extrusion is the use of EndoVac system which 
is a negative pressure system designed to enable the 
removal of the irrigant from the canal. This is supported 
by different studies. Gade et al (Gade et al., 2013) had 
shown the advantage of using an EndoVac system for the 
removal of apical extruded irrigants when compared to 
conventional needles or needles used with microcannula. 
chlorhexidine

6. Intracanal Medicaments: The use of intracanal 
medicaments is another factor to be considered for 

the disinfection of the root canal system. The ideal 
requirement of any intracanal medicament is its 
subsequent release of antimicrobial action for a long 
period of time when placed in the canal. The most 
recommended intracanal medication used is calcium 
hydroxide introduced by Herman in 1920. It is given 
by Siqueira et al (Siqueira and Lopes, 1999)that the 
mechanism of antimicrobial  action of calcium hydroxide 
is by these 3 process; damage to the bacterial cytoplasmic 
membrane, protein denaturation and damage to the DNA. 
The use of a vehicle is one of the critical factors for the 
application of the calcium hydroxide in the intracanal 
space. For instance a viscous vehicle will remain in the 
canal for a longer period of time compared to a water-
based vehicle used (Mohammadi and Dummer, 2011). 

Another most commonly used intracanal medicament 
is triple antibiotic paste (TAP) found by Banchs and 
Trope consisting of metronidazole, ciprofloxacin and 
minocycline. It was based on the concept of LSTR therapy 
which employs a combination of various antibacterial 
drugs for the disinfection of oral infectious lesions 
including dentinal, pulpal and periradicular lesions. It 
was found that the majority of the bacteria in the infected 
root canal dentin are obligate anaerobes for this reason 
metronidazole was taken as a first choice among the 
antibacterial drugs . The use of triple antibiotic paste has 
shown major success in the reduction of the microbial 
count in the infected root canal system and has shown 
that even in low concentration such as 1, 0.1 and .01 
mg/ml has the ability to eradicate Enterococcus faecalis 
colonies with less effect on the viability of stem cells. 

It is also shown to have much better antibacterial 
potential to calcium hydroxide. One of the major 
adverse effects of use of TAP is the discolouration of 
the tooth when placed for extended periods with many 
case reports supporting the same. The reason being the 
presence of minocycline. In order to negate the use 
of double antibiotic paste is advised which consists 
of metronidazole and ciprofloxacin (Vijayaraghavan 
et al., 2012). One of recently introduced intracanal 
medicament used in endodontics is emdogain which is 
shown to have significantly higher antimicrobial effect 
and lesser deleterious effects the stem cell activity (Wang 
et al., 2018).

Protocol To Be Followed For Necrotic Teeth With Open 
Apices
1st Visit

Pre Evaluation of the case using clinical history and •	
radiographic findings
Access opening with EndoAccess Bur followed by •	
which working length determination is done
Cleaning and shaping of the root canal system •	
with subsequent irrigation using 1.5% sodium 
hypochlorite (20ml) and saline irrigation (40ml).
Final irrigation to be done using 2% Chlorhexidine •	
gluconate (5ml) or 1% Alexidine Digluconate 
(5ml).
Activation of the bisguanide based irrrigant (5ml) •	
using Sonic or Ultrasonic activation
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Placement of an intracanal medicament –Double •	
Antibiotic Paste or Modified Triple Antibiotic paste/
Emdogain

 
2nd Visit – After 1 week

Evaluation of the tooth – radiographic examination •	
followed by pain assessment of the individual 
Irrigation of the canal using Saline to remove the •	
medicament
Copious Irrigation using 1.5 % Sodium hypochlorite •	
and final irrigation of 17% EDTA (20ml, 5 mins) 
followed by which the canals are dried using paper 
points.
During the irrigation procedure the patient should •	
be asymptomatic completely with no debris coming 
from the canal. 
In the presence of any craze lines, fractured tooth •	
the recommended protocol to be followed is 
apexification followed by Full Veneer Crown.
In the presence of only discoloration with no fracture •	
or minimal fracture requiring no additional treatment 
such as post endodontic restoration then the adviced 
protocol to be followed is revascularization. The 
selection of the treatment modality revascularization 
depends on various factors such as age of the patient 
which should be less than 25 years and cooperative 
patient. 
If the root length is more than 2/3rd using Cveks •	
criteria evaluation is done on radiograph - the 
recommended treatment protocol is apexification. 
If the root length is less than 2/3rd using Cveks •	
criteria radiographic evaluation is done -treatment 
protocol that can be followed is revascularization. 
Recall after a duration of 1 month, 3 months, 6 •	
months, 1 year, 2 years, 5 years for follow-up
CBCT Evaluation after a 1 year of the tooth of •	
interest to evaluate the dentin thickness 

 
CONCLUSION

The following practice guideline is effective for the 
treatment of immature teeth with open apex and is 
a major dilemma among all the dental practitioners. 
This guideline provide an show an effective way to the 
clinician for the management of immature open apex
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