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Abstract

Introduction: Regenerative endodontic treatment is a procedure that involves disinfection of the root canal with the use of
antibiotics. The purpose of pulp treatment is to maintain the tooth structure intact in order to preserve optimal function. Es-
pecially, in case of immature permanent teeth, maintaining the pulp vitality is essential for continuous root development and
apical closure. The key elements of regenerative endodontic procedure are stem cells, growth factors and scaffolds.

Aim: The aim of the survey was to evaluate the knowledge, attitude and practice on regenerative endodontic procedure
among dental practitioners and specialists.

Materials and Method: A survey was conducted across dental colleges of western part of India in February 2021. A ques-
tionnaire consisting of 20 questions was formulated. These questions can be divided into three parts, namely knowledge,
attitude, and practice. Based on responses from the endodontic postgraduate students to this multiple choice-based question-
naire, the survey was analyzed.

Results: The present survey indicates that a very high percentage of the participants had a sound knowledge about regenera-
tive endodontic procedure which means that such practices have gained a lot of recognition as compared to its status a decade
ago. But those populations have done only a few cases of regenerative endodontic procedure. About 70.6% have done and
the rest 29.6% have not done . This was because they didn't have enough knowledge regarding the procedure (63.6%) and
they didn't have sufficient training on the procedure's growth factors (27.3%), disinfection of root canal (31.8%) and scaf-
fold (27.3%). Both males and female population strongly agtee that they don't have sufficient training regarding regenerative
endodontic procedure, however, it is not statistically significant (p value= 0.227). Males strongly agree that success rate is the
fear of patients whereas females think that higher cost is the fear, however, it is not statistically significant (p value= 0.060).
Conclusion: In this survey, the dental practitioners and endodontists have knowledge regarding certain aspects of the regen-
erative endodontic procedures but they lack knowledge in practical aspects. Training regarding the same can be done so as to
facilitate the incorporation of regenerative endodontics in dental clinics.

Keywords: Regenerative Endodontic Procedute; Root Canal; Scaffold; Dental Practitioner and Specialist; Innovative Tech-
nique; Eco-Friendly.

Introduction the root canal with the use of antibiotics [1]. The purpose of pulp

treatment is to maintain the tooth structure intact in order to pre-
Regenerative endodontics is one of the most remarkable advance- serve optimal function |2|. Especially, in case of immature perma-
ments in our specialty. The idea that one can replace damaged nent teeth, maintaining the pulp vitality is essential for continu-
structures and regain functionality in previously necrotic and in- ous root development and apical closure [3|. Immature Necrotic
fected root canal systems has been groundbreaking. Regenerative Permanent Teeth is removal of the necrotic pulp tissue from the
endodontic treatment is a procedure that involves disinfection of canal with minimum canal preparation is required because the ca-
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nal walls are thin and over-preparation can weaken the root struc-
ture, making it susceptible to fracture [4]. If the pulp of immature
permanent teeth is infected, apexification that includes removal
of the infected pulp and application of calcium hydroxide has
been performed traditionally [5]. Traditional approaches of cal-
cium hydroxide apexification and apical barrier techniques with
mineral trioxide aggregate (MTA) have been used in the treatment
of immature teeth with pulp necrosis though generally there is
no further root development so the roots remain thin and fragile
with a higher risk of fracture and tooth loss. Recently, it has been
suggested that regenerative endodontic protocols (REPs) that uti-
lize endogenous stem cells that are introduced in the canal by lac-
erating the periapical tissues to fill the canal with blood should be
used for the treatment of immature teeth with pulp necrosis [0].
When the tooth is damaged by trauma, pulp regenerative endo-
dontic treatment is performed because the pulp tissue is uninfect-
ed [7]. It results in complete root development after a short-term
treatment procedure [8]. It has a high success rate. When com-
pared with MTA apexification, studies have reported similar suc-
cess and survival rates for regenerative endodontics, in the range
of 90-100% [9]. It's a biologically based approach that induces
bleeding from the periapical region into the canal, thus generating
vital tissue that provides a natural defense against reinfection [10].
Radiographs such as petiapical, bitewing and/or cone beam com-
puted tomography are taken and plan is made for the treatment.
It is designed to replace damaged structures, including dentin and
root structures, as well as cells of the pulp-dentin complex [11].
Pulpal status and degree of root development are major factors
in treatment planning for teeth requiring vital pulp treatment or
root canal treatment [12]. Regenerative endodontic procedures
are diverse and can include direct pulp capping, revascularization,
apexogenesis, apexification, and even stem cell therapy and tissue
engineering [13]. The key elements of regenerative endodontic
procedure are stem cells, growth factors and scaffolds. Scaffolds
are three-dimensional porous solid biomaterial. An ideal scaffold
should be high porosity and an adequate pore size are necessary
to facilitate cell seeding and diffusion throughout the whole struc-
ture of both cells and nutrients and should allow effective trans-
port of nutrients, oxygen, and waste [14]. The scaffolds can be
based on degradability of matrices, forms, presence or absence of
cells and origin. There are also natural scaffolds, such platelet rich
plasma and platelet rich fibrin [15]. There are various other tech-
niques, root canal revascularization via blood clotting, postnatal
stem cell therapy, pulp implantation, scaffold implantation, inject-
able scaffold delivery, three dimensional cell printing and gene
delivery [15]. The difference between repair and regeneration is
regeneration is that it is completely necrotic tissue and after the
treatment it closely resembles pulp tissue [10].

In a previous survey, practitioner interest in delivering regenera-
tive endodontic procedures has been growing, with 96% of en-
dodontists being willing to incorporate regenerative therapies into
treatments [17]. In a previous survey, 156 endodontic postgradu-
ate students were surveyed [18]. In another survey, 200 copies of
the questionnaire were circulated, containing 23 questions regard-
ing knowledge and opinions about the use of REP's and their
application in a clinical scenario [19]. In another survey, 100 cop-
ies of a survey were circulated, and 56 completed surveys were
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responded [20]. A total of 105 responses were collected, Soft
copies of the questionnaire were posted on online dental forms
dedicated to dental postgraduates presently undergoing training
in various colleges in India [21]. In another survey, a total of 850
participants completed the survey, representing a 20.9% response
rate.

In future, regenerative endodontic procedures will become very
popular and it is speculated to see unparalleled advances in this
field. Hence, it is important to understand what the future endo-
dontists think in this regard. Our team has extensive knowledge
and research experience that has translated into high quality publi-
cations [22-41]. The aim of the survey was to evaluate the knowl-
edge, attitude and practice on regenerative endodontic procedure
among dental practitioners and specialists.

Materials and Methods
Study setting:

This survey was a prospective observational study. The advan-
tages of this study were economical, easy to create, widespread,
gather large data and quick interpretation. It involves homogene-
ous population, response bias and creates survey fatigue were the
cons of the study. This study has been approved by the scientific
review board, Saveetha dental College, Chennai.

Sampling for survey:

The sampling method for the survey conducted was simple ran-
dom sampling. Sampling methods may contain a certain bias,
hence measures are taken to minimise the sampling bias. The
measures include checking internal and external validity, also by
minimising error in question and avoiding leading questions.

Data collection:

A survey was conducted across dental colleges of western part of
India in February 2021. A closed-ended questionnaire, compris-
ing 21 questions were asked. The questions were validated. These
questions can be divided into three parts, namely knowledge, atti-
tude, and practice. Based on responses from the endodontic post-
graduate students to this multiple choice-based questionnaire, the
survey was analyzed. The survey was circulated using an online
Google form link and the data was collected and represented in
the pie chart using SPSS software (version 23). Regenerative en-
dodontic treatment, endodontics, knowledge, pulp, scaffolds are
the output variables.

Analytics:

A statistical test was used which is descriptive statistics, chi-square
test, pie chart and bar diagram. P-value was found out and cor-
relation and significance were established. Age, height, sex, neigh-
bour, family and friends are the independent variables. Education,
knowledge, attitude, perception and occupation are the depend-
ent variables.

returned anonymously [17]. In another survey, an online question-

: 1y y [17] cr survey, g Results

naire comprising 20 questions was distributed amongst the dental

professionals of Mangalore. A total of 448 dental professionals
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Figure 1. Represents the distribution to know about regenerative endodontic procedure, where 59.52 % said yes (green), and
40.48% said no (blue).

Figure 2. Represents the distribution of how many months does it take for a successful regenerative endodontic procedure,
15.48% said more than 12 months ( blue), 33.33% of the people said that more than 3 months (green), 51.19% said that more
than 6 months (brown ).

Figure 3. Represents the distribution of participants based on the opinion on whether they have done regenerative endo-
dontic procedure previously for their patients, where 77.38% responded yes (green) and 22.62% responded no (blue).

Figure 4. Represents the distribution of participants based on the opinion on whether regenerative endodontic procedure
can serve as a feasible replacement of more aggressive treatment protocols, where 79.76% responded yes (green) and
20.24% responded no (blue).

Figure 5. Represents the distribution of challenges faced during regenerative endodontic procedure, where 8.33% said
disinfection of root canal in immature teeth (blue), 22.6% said that growth factors (green ), 39.29% said scaffolds (brown),
23.81% to obtain a sufficient no of autogenous cells (purple), 5.95% said unpredictable outcomes (yellow ).

Discussion tive endodontic procedures into dental practices.

In the present survey, the age of the participants were asked.
63.10% were at the age of around 20-30 years, 27.38% of the re-

This survey was employed to evaluate the awareness, understand-
ing, attitude, and knowledge regarding regenerative endodontic

procedures among the dental practitioners and specialists. Since
most of the recent research is diverted toward stem cell and re-
generative dental procedures, we think that it is deemed necessary
to have a survey from general dental practitioners and endodon-
tists to know the enthusiasm for the incorporation of regenera-

spondents were between the age of 30-40 years and 9.52% of the
respondents were above the age of 40 years. Out of 100 respond-
ents, 54.8% were males and 45.2% wetre females. The number of
years of experience as a dental professional was asked. For which,
47.6% of the respondents had 5-10 years of experience, 45.2% of
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Figure 6. Bar charts representing association between gender and opinion on reason for not practising regenerative endo-
dontic procedure. X axis represents gender and Y axis represents the number of participants who responded ‘i don't have
sufficient knowledge regarding regenerative endodontic procedure’ (blue), ‘i don't have sufficient training to petform the
treatment’ (green) and ‘i have not encountered any case before’ (brown). Both males and female population strongly agree
that they don't have sufficient training regarding regenerative endodontic procedure, however, it is not statistically signifi-
cant (Pearson’s chi square value = 2.969, df= 2, p value= 0.227).

Figure 7. Bar charts representing association between gender and opinion on best treatment in regenerative endodontic
procedure. X axis represents gender and Y axis represents the number of participants who responded ‘immature apex
with necrotic’ (blue), ‘periapical cyst with resolution’ (green), ‘persistent periapical infection’ (brown) and ‘root resorption’
(purple). Both males and female population strongly agree that immature apex with necrotic is best suited in regenerative
endodontic procedure, however, it is not statistically significant (Pearson’s chi square value = 2.509, df= 3, p value= 0.474).

Figure 8. Bar charts representing association between gender and opinion on the fear of patients for not accepting regen-
erative endodontic procedures. X axis represents gender and Y axis represents the number of participants who responded
‘higher cost’ (blue) and ‘success rate’ (green). Males strongly agree that success rate is the fear of patients whereas females
think that higher cost is the fear, however, it is not statistically significant (Pearson’s chi square value = 3.542, df=1, p
value= 0.060).

the respondents had 0-5 years of experience and 7.1% said they
had 5-10 years of experience. The specialisation of the dentist
was asked and 44% of the respondents were dental practition-
ers, 41.7% of the respondents were dental specialists and 14.3%
of the respondents were endodontists. When asked regarding
the awareness of regenerative endodontic procedure, 59.5% said
they were aware and 40.5% said no. Then we asked from where
they knew about regenerative endodontic procedure. 38.1% said
from conferences and seminars, 25% said they learnt it during
their UG course, 15.5% said they learnt it during their PG course,
8.3% said from books and 6% were not aware about regenerative
endodontic procedure. When the use of regenerative endodon-
tic procedure was asked, 20.2% said Damaged dentine, 25% said
Damaged pulp, 23.8% said Damaged enamel, 28.6% said all the
above. When they know about regenerative endodontic proce-
dures, 52.4% said Guided endodontic repair and 47.6% said True
regeneration of physiological like tissue. A question regarding
their knowledge on stem cells and its sources were asked. 63.1%
were aware about stem cells and 36.9% said they were not aware.
Regarding the sources of stem cells, 9.5% said dental pulp stem
cell, 22.6% said stem cell from apical papilla, 23.8% said stem

cell from periodontal ligament, 26.2% said all of the above and
17.9% said not aware. When the duration of successful regenera-
tive procedure was asked, 33.3% said more than 3 months, 51.2%
said more than 6 months and 15.5% said more than 12 months.
When asked whether they are aware that scaffold, stem cells and
growth factor are included in regenerative endodontic procedure,
86.9% said yes and 13.1% said no. when asked about the opin-
ion on whether regenerative endodontic procedure can serve as a
practical and feasible replacement of more aggressive treatment
protocols, 79.8% said yes and 20.2% said no. when asked whether
they have done a regenerative endodontic procedure before for
their patients, 77.4% said yes and 22.6% said no. When asked
about the indication for the treatment by a regenerative endo-
dontic procedure, 31% said root resorption, 48.8% said imma-
ture apex with necrotic, 11.9% said persistent periapical infection
and 8.3% said periapical cyst resolution. When the reason for not
practising regenerative endodontic procedure was asked, 52.4%
said they don't have sufficient knowledge regarding regenerative
endodontic procedure, 36.9% said they haven't encountered any
case before and 10.7%they don't have sufficient training to pet-
form the treatment. When asked about the assessment of regen-
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S.NO QUESTION CHOICE PERCENTAGE
1 Age . 20-30 ® 63.10%
. 30-40 ®  2738%
. Above 40 ®  952%
2 Gender . Male . 54.76%
. Female . 45.24%
3 What is your specialisation? . Dental practitioner . 44.05%
. Dental specialist . 41.67%
. Endodontist . 14.29%
4 Do you know about regenerative endodontic procedures? . Yes . 59.52%
. No o 40.46%
5 From where did you gain knowledge about regenerative endodontic procedure? . Books . 8.33%
. Conferences and seminars . 38.10%
. In PG course . 15.48%
. In UG course . 25.00%
. Internet . 7.14%
. Not aware . 5.95%
6 Regenerative endodontic procedure is replacement of . Damaged dentine . 20.24%
. Damaged enamel . 23.81%
. Damaged pulp . 25.00%
. All the above . 28.57%
. Not aware . 2.38%
7 Regenerative endodontic procedure are L] Guided endodontic repair process . 52.38%
. True regeneration of physiological tissue . 47.62%
8 Do you know about stem cells and their sources? ®  Yes . 63.10%
e No ®  36.90%
9 What are the sources of stem cell? . Dental pulp stem cell . 9.52%
. Stem cell from apical papilla . 22.62%
. Stem cell from periodontal ligament . 23.81%
. All the above . 26.19%
. Not aware . 17.86%
10 Are you aware that scaffold, stem cells and growth factors are included in regenerative endodontic . Yes . 86.90%
procedure? . No . 13.10%
1 How many months does it take for a successful regenerative endodontic procedure? . More than 3 months . 33.33%
. More than 6 months . 51.19%
. More than 12 months . 15.48%
12 Have you ever done a regenerative endodontic procedure before for your patients? L] Yes . 77.38%
. No . 22.62%
13 Do you think regenerative endodontic procedure can serve as practical and feasible replacement of | ® Yes . 79.76%
more aggressive treatment protocol? . No . 20.24%
14 If no, then what do you think is the reason? . T don’t have sufficient knowledge regarding | 52.38%
regenerative endodontic procedure . 10.71%
. T don’t have sufficient training to perform | ® 36.90%
the treatment
. T have not encountered any case before
15 Which of the following indication is best suited for treatment by a regenerative endodontic . Immature apex with necrotic pulp . 48.81%
procedure? . Peri-apical cyst resolution . 8.33%
. Persistent peri-apical infection . 11.90%
. Root resorption . 30.95%
16 What do you think is the fear of patient accepting regenerative dental treatment? . Higher cost . 44.05%
. Success rate . 55.95%
17 What should the cost for regenerative dentistry be? . Equal to current treatment . 33.33%
. Less than current treatment . 21.43%
®  More than current treatment o 40.48%
®  Unsure ®  476%
18 What do you think are the challenges faced during regenerative endodontic procedure? e  Disinfection of root canal in immature teeth | ® 8.33%
. Growth factors . 22.62%
. Scaffolds . 39.29%
. To obtain a sufficient number of autoge- | ® 23.81%
nous cells . 5.95%
. Unpredictable outcome
19 What is your assessment of regenerative dental treatment outcome? Successful 39.29%
Unsuccessful 42.86%
I don’t know 17.86%

erative dental treatment outcomes, 39.3% said successful, 42.9%
said unsuccessful and 17.9% said they didn't know. When asked
about the challenge faced during regenerative endodontic proce-
dure, 23.8% said to obtain a sufficient number of autogenous
cells, 39.3% said scaffolds, 22.6% said growth factors, 6% said
unpredictable outcomes.

In a previous survey, A total of 311 (69.12%) dental practition-
ers of which 69.14% (n = 215) were male and 30.87% (n = 90)
were female had appropriately filled the questionnaires [42]. In a
previous survey, results showed that 96.8% of dentists are willing
to receive training to be able to provide regenerative endodontic
procedures for their patients. Of the total group, 49.1% of den-
tists already use membranes, scaffolds, or bioactive materials to

provide dental treatment. It was determined that 47.3% of den-
tists agree that the costs of regenerative procedures should be
comparable with current treatments. It was also found that 55.1%
of dentists were unsure whether regenerative procedures would
be successful [43]. In another survey, conducted by British Soci-
ety of Paediatric Dentistry, the reasons for not using regenerative
endodontic procedure was lack of training 45%, materials 26%,
evidence 16% and suitable cases 6% [44]. In a previous survey,
66.2% of the respondents had not used any kind of regenerative
procedures in their clinical practice, 54.3% were unaware of the
treatment outcomes [45]. In a previous survey, 14.6% had used
umbilical cord or other types of stem cell banking for themselves
or a relative. But in our survey, the dental pulp stem cells were
used. Two third of participants (74.6%) thought the greatest ob-
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stacle to a patient accepting REP's would be higher cost of treat-
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