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Abstract 

Necrotic immature permanent tooth presents a distinctive challenge for the endodontist. Various treatment 
modalities have been employed to create hard tissue barriers at the apex, Regenerative endodontics is a novel 

modality which involves physiological replacement of the damaged structures of tooth like dentin, root and cells 

of the pulp-dentin complex. The aim  of this survey was to study the level of awareness, current state of 

knowledge and opinions towards management of immature necrotic permanent teeth amongst the dental 

students.  An online survey was done with the structured questionnaire based on knowledge, attitude, practice 

and it was distributed among 100 undergraduate students via electronic media. Data entry was done in the 

Excel sheet and SPSS software was used to analyze the data. The descriptive statistics were used to determine 

the responses given by the participants. We received 100 responses from the participants; the majority of the 

participants are interns (50%). The data from this survey revealed inadequate knowledge of dental students 
towards management of immature necrotic permanent teeth. Moreover, there is a need to conduct more 

seminars, CDE and workshop programmes to improve knowledge regarding management of necrotic immature 

permanent teeth. 

Keywords: Apexification; Regenerative endodontics; Revascularization; Stem cells. 

 

I. Introduction 

Necrotic immature permanent tooth presents a distinctive challenge for the endodontist. Various treatment 
modalities have been employed to create a hard tissue barrier at the apex, which includes non-vital pulp therapy 

with calcium hydroxide, apexification with mineral trioxide aggregate, pulp revascularization and regeneration 

[1].  

Regenerative endodontics is a novel modality which involves physiological replacement of the damaged 
structures of teeth like dentin, root and cells of the pulp-dentin complex. Numerous published case reports have 

revealed increased dentinal wall thickness, continued root development and apical closure, but there is still lack 

of sound scientific evidence regarding histological nature of the type of tissue [1] 
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Permanent immature teeth with necrotic pulp and periapical disease is a constant problem and area of keen 

interest for endodontists [1]. Disinfection of root canal space is difficult to achieve in these teeth with 

endodontic files using standard protocol. Another difficulty arises during root canal filling due to lack of apical 

barrier in open apex and its impingement on periodontal tissues [2]. Even if these challenges are faced and 

sorted out, the roots of these teeth are very thin that constitute a high risk of fracture[3]. Various treatment 

modalities have been described in literature to create a hard tissue barrier at the apex, which includes non-vital 
pulp therapy with calcium hydroxide, apexification with mineral trioxide aggregate (MTA), pulp 

revascularization and regeneration [3,4].  

The traditional non-vital pulp (NVP) therapy with calcium hydroxide (Ca(OH)2) has been studied largely and is 

reported to have a good outcome [5]. However, there are certain limitations associated with this technique [6]. 

The principal drawback is the long duration of about 6 and 18 months required for the formation of hard tissue 

apical barrier and required follow-ups every 3 months to check the progression of barrier formation [7]. Patient 

compliance is extremely important for the completion of the procedure. This technique also tends to decrease 

the fracture resistance of the root dentine [8]. Thus there is always a possibility of root fracture before hard 

tissue formation [9]. Kahler et al. recently reported that tendency to root fracture is more related to the stage of 

root development rather than long-term Ca(OH)2 use [8].   

Apexification with MTA has also gained popularity among clinicians which is relatively easy and less time-

consuming, but lacks regenerative capability and long-term survival is also guarded due to reduced fracture 
resistance [10]. Conventional root canal therapy (RCT) and apexification can only provide apical barrier, but 

possibility of reinfections and tooth fractures are very undesirable and disappointing for patients and 

practitioners [11].  

Recently, regenerative endodontics has gained significant interest in the field of endodontics [12]. Considerable 

research towards successful regeneration of pulp-dentine complex (PDC) is progressing which emphasises on 

replacement of damaged structures such as dentine, PDC cells and root structures [13]. Tissue regeneration and 

engineering is the most thought-provoking part of a tissue repair/regeneration programme because of pulp 

functional importance [14]. The regenerated tissue should be vascularised, innervated and possess the ability to 

generate new odontoblasts which can produce new dentin matrices that later become mineralised. The concept 

of regeneration became popular when Banchs and Trope in 2004 treated immature necrotic and permanent teeth 

with new procedure and termed it 'revascularization' [2]. Pulp revascularization was an important step by the 
endodontic community on its path to exploring avenues of pulp and dentin regeneration [15]. 

Previously our team had conducted numerous studies which include in vitro studies [16–21], review [22–25], 

survey [26,27], clinical trial [28–30].Now we are focussing on retrospective studies. The aim  of this survey was 

to study the level of awareness, current state of knowledge and opinions towards management of immature 

necrotic permanent teeth amongst the dentists in chennai.  

 

II. MATERIALS AND METHODS 

An online survey was done with the structured questionnaire based on knowledge, attitude, practice survey 
among the dental students about management of immature necrotic permanent teeth.  

Ethical approval 

Ethical permission and approval for the project was obtained from the Institutional Review Board of Saveetha 

Institute of Medical and Technical Sciences, Chennai, India on Date 25/04/2020.  

Sampling and data collection 

This cross sectional survey was conducted among 100 dental undergraduate students. A snowball sampling was 

followed. A structured questionnaire consisting of 12 questions was shared online and 100 responses were 
obtained. Data entry was made in the Excel sheet, SPSS software was used to analyze the data. The advantages 

of online surveys is that it was economical, easy to create, wide reach and disadvantage is repeated and 

incomplete answers 
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Statistical analysis 

The descriptive statistics were used to determine the responses given by the participants. Statistical analysis, Chi 

square test was used to assess the association between the year of study and the responses. And the results are 

depicted in the form of a bar chart [Figure 1-11]. 

 

III. RESULTS 

In the present study two thirds of the participants have come across necrotic immature permanent teeth[Figure 

2] . About 51% of the participants agreed with the fact that regenerative endodontic procedures include stem 

cells, scaffolds and growth factors whereas 49% were not aware of this[Figure 3]. 35% of the participants were 

aware that functional pulp can be regenerated with REP [Figure 4]. 78% of the participants felt that the REP is 
the better treatment option than apexification [Figure 5].  

 

Figure1: Bar graph represents the number of respondents and year of study. X  axis represents the year of study 

and Y axis represents number of respondents. Majority of the respondents were Interns (50%) followed by Final 
year (25%) and Third year(25%). 

 



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 01, 2020 

ISSN: 1475-7192 

 

Received: 09 Nov 2019 | Revised: 18 Dec 2019 | Accepted: 27 Jan 2020                              7011  

 

Figure 2: Bar graph represents the association between year of study and responses to the question  “Have you 
come across an immature necrotic permanent tooth in your practice”. X axis represents the year of study and Y 

axis represents number of respondents. Majority of the respondents were ‘yes’.Chi square test shows no 

statistical difference in responses between years of study. [Pearson chi square p value = 0.415, (p>0.05)]. 

However, among the year of study, most of the interns responded ‘yes’.   

  

 

Figure 3: Bar graph represents the association between year of study and responses to the question  
“regenerative endodontic procedures include”. X axis represents the year of study and Y axis represents number 

of respondents.The majority of the  respondents said all of the above.  Chi square test shows no statistical 

difference in responses between years of study. [Pearson chi square p value = 0.973, (p>0.05)].  However, 

among the year of study, most of the interns responded ‘yes’.   
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Figure 4: Bar graph represents the association between year of study and responses to the question  “do you 
think functional pulp can be regenerated with REP”. X axis represents the year of study and Y axis represents 

number of respondents. The majority of the  respondents were ‘yes’. Chi square test shows no statistical 

difference in responses between years of study. [Pearson chi square p value = 0.141, (p>0.05)]. Students were 

unaware that pulp can be regenerated with REP.  

 

Figure 5: Bar graph represents the association between year of study and responses to the question  “do you 
think REP is a better treatment option than apexification”. X axis represents the year of study and Y axis 

represents number of respondents. The majority of the respondents preferred REP is a better treatment option 

than apexification Chi square test shows no statistical difference in responses between years of study. [Pearson 
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chi square p value = 0.705, (p>0.05)].  However, among the year of study, interns strongly agree with REP is 

better option.  

 

 

Figure 6: Bar graph represents the association between year of study and responses to the question  “In which 
cases would you prefer doing REP”. X axis represents the year of study and Y axis represents number of 

respondents.The majority of the  respondents said they prefer REP in tooth with necrotic pulp and mature apex. 

Chi square test shows no statistical difference in responses between years of study. [Pearson chi square p value 

= 0.186, (p>0.05)]. Students were unaware that REP can be done in closed and open apex.  

 

Figure 7: Bar graph represents the association between year of study and responses to the question  “Which of 

the following treatments serve as a better mode of treatment for non‑vital immature teeth”. X axis represents the 
year of study and Y axis represents number of respondents. The majority of the  respondents preferred MTA 

plug with backfill obturating material non-vital immature teeth. Chi square test shows no statistical difference in 

responses between years of study. [Pearson chi square p value = 0.622, (p>0.05)].   
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Figure 8: Bar graph represents the association between year of study and responses to the question  “What is the 
treatment of NIPT when disease is limited to superficial coronal pulp ”. X axis represents the year of study and 

Y axis represents number of respondents. Chi square test shows no statistical difference in responses between 

years of study. [Pearson chi square p value = 0.985, (p>0.05)].  However, among the year of study, interns 

strongly agree with cveks pulpotomy.  

 

Figure 9: Bar graph represents the association between year of study and responses to the question  “how many 
visits do you require to perform REP”. X axis represents the year of study and Y axis represents number of 

respondents. Chi square test shows no statistical difference in responses between years of study. [Pearson chi 

square p value = 0.848, (p>0.05)]. The respondents were unaware that REP is a multivisit procedure. However, 

among the year of study, most third years were aware.  
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Figure 10: Bar graph represents the association between year of study and responses to the question  “ how do 

you deliver stem cells into the root canal system”. X axis represents the year of study and Y axis represents 

number of respondents Chi square test shows no statistical difference in responses between years of study. 

[Pearson chi square p value = 0.121, (p>0.05)]. The majority of the interns preferred they would do it by using 

orthograde delivery through a syringe. 

 

Figure 11: Bar graph represents the association between year of study and responses to the question  “have you 

attended a course on regenerative endodontic procedures”. X axis represents the year of study and Y axis 

represents number of respondents. The majority of the  respondents attended courses on dental stem cells. Chi 
square test shows no statistical difference in responses between years of study. [Pearson chi square p value = 

0.265, (p>0.05)]. However, the majority of interns attended the course.  
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Figure 12: Bar graph represents the association between year of study and responses to the question  “Are you 
willing to participate in training courses to learn more about regenerative dental treatment”. X axis represents 

the year of study and Y axis represents number of respondents. Chi square test shows no statistical difference in 

responses between years of study. [Pearson chi square p value = 0.876, (p>0.05)]. The majority of the students 

want to learn about REP procedures by attending course 

Here, 45% of the participants preferred REP for teeth with necrotic pulp and mature apex [Figure 6]. About 32% 
of the participants said they prefer MTA apical plug with backfill obturating technique as a better mode of 

treatment for treating non vital immature teeth  followed by calcium hydroxide apexification [Figure 7]. More 

than two thirds of the participants78% preferred apexogenesis as treatment of choice for necrotic immature teeth 

if it has open apex and disease limited to superficial coronal pulp [Figure 8].  

Regarding the total number of visits to perform REP majority of the participants 58% said it is a multi visit 

procedure[Figure 9]. Majority of the participants, 62% preferred orthograde delivery through a  syringe to 

deliver stem cells into the root canal system[Figure 10]. 76% of the total participants said they attended a course 

on stem cells[Figure 11]. And 87% of the participants are willing to attend a training course to learn more about 

the  regenerative endodontic procedures[Figure 12]. 

 

IV. DISCUSSION 

The survey yielded a positive response regarding management of immature necrotic permanent teeth among the 
participants who were dental students. Just over half of the participants (86%) have attended a CDE on stem 

cells and regeneration, which is very encouraging and reflects the increasing interest in this rapidly advancing 

field. Our results indicate that more than two-thirds of the participants (78%) believed that REPs are a better 
treatment option than apexification. This preference could be attributed to recent studies on REPs, which claim 

that REPs provide a better outcome than apexification in terms of increased root thickness and root length [31].  

Moreover, a study on survival outcome of immature treated teeth has documented a higher (100%) survival rate 

for teeth treated with REPs, compared to 95% and 77.2% for MTA and Ca (OH)2 apexification, 

respectively[32]. Various published studies have used different experimental models to regenerate dentin, pulp, 

and periodontal ligament-like tissues[12]. In 2004, Ohazama et al succeeded in developing rootless tooth-like 
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structures in rodents.[33] Young et al. succeeded in forming dentin and enamel-like structures by reimplanting 

bioengineered tooth and bone implants in adult rats[34]. 

In this study, more than two-thirds of the participants were more comfortable doing REPs on necrotic immature 

teeth. This finding is in accordance with most published literature, where most REP cases with successful 

outcomes were performed on necrotic immature teeth[35]. Furthermore, current evidence and research data on 

REPs on mature teeth show the healing of periapical lesions; however, they do not recover tooth vitality[36]. 
Therefore, in mature teeth, REPs don't necessarily provide any significant advantage over current conventional 

endodontic treatment modalities which have a high success rate (86%–98%)[37]. 

Around 40% of participants were using triple antibiotics paste (TAP) for disinfection, whereas 20% preferred to 

use Ca(OH)2, and 39% used both. These results complement the findings of a review by Diogenes et al. on 

published cases and studies on REPs, where 51% were disinfected by TAP and 37% used Ca(OH)2 for 

disinfection. The successful use of TAP in REPs and its antibacterial effect against the mixed population of 

microbes in the canal have been proven by different studies[38]. Several studies have supported the use of 

Ca(OH)2 in REPs for its effective antibacterial properties and positive effect on the survival and proliferation of 

stem cells of the apical papilla (SCAP)[39]. The use of both Ca(OH)2 and TAP for disinfection is recommended 

in the AAE's clinical considerations[19].  

For the delivery of stem cells, around 55.1% of participants evoked bleeding from the periapical area, which is 

the most established and used method[39]. This survey shows a wide variation in the clinical protocol used to 
perform REPs. This finding is similar to Diogenes et al.'s findings in a review of 34 publications (2001–2013) 

on REPs, which revealed lack of a standardized treatment protocol such as the number of visits and disinfection 

routine[32]. Bukhari et al. and Almutairi et al. have also emphasized this aspect.[40].  Such variation in 

protocols can pose a challenge determining the factors that affect the clinical success of REPs and also affect the 

possibility of conducting a well-designed meta-analysis, as reported by Almutairi et al[41]. 

In clinical practices, almost half of the residents were doing some type of REP's, with a majority of these limited 

to use of membranes, scaffolds or bioactive materials. Most of the residents were conscious of other REP 

procedures but were unsure about its results. Half of them were of the opinion that REP's could be used in 

various applications like healing of periradicular bone, continued root development in immature teeth, pulp 

tissue revitalization within a root canal and tooth reimplantation. However, just one eighth respondents have 

found regenerative techniques valuable in treating necrotic immature teeth which constituted 20% of patients 
reporting to them. More than half the participants still consider the appliance of calcium hydroxide followed by 

MTA apical plug and backfilling with obturation material to be the optimum treatment for necrotic immature 

teeth. This gives an insight to the very fact that the residents aren't trained in performing advanced regenerative 

endodontic techniques. There is a requirement for continuing education and training programs associated with 

all treatments that accomplish pulp-dentin regeneration from the only blood clot revascularization method to the 

most complex treatment, which involves creating tissue-engineered dental pulp constructs within the laboratory 

and implanting them into cleaned and shaped root canals[42]. 

Safeguards need to be in place to guard research participants receiving somatic cell transplants, and patients at 

large from receiving unproven stem cell therapies. In India, Indian Council of Medical Research has taken an 

initiative to get down the rules concerning stem cell research which were revised in March 2012 [43].  These 

apply to all stakeholders' viz. individual researchers, organizations, sponsors, oversight committees and others, 

related to research on human stem cells and for his or her derivatives, both basic and clinical. However, there is 
a need for the creation of more expansive guidelines covering all REP's in addition to these guidelines to protect 

patients and health care providers. 

 

V. CONCLUSION 

The data from this survey revealed that dental undergraduate students of all the years had limited knowledge 
towards management of immature necrotic permanent teeth. Moreover, there is a need to conduct more 

seminars, CDE and workshop programmes to improve knowledge and clinical strategies regarding management 

of necrotic immature permanent teeth. 
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