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1. General presentation of the procedure and the doctoral student
The presented set of materials is in accordance with Article 70 (1) of the Procedure for
Acquisition of educational and scientific degree "Doctor" in MU - Plovdiv; Regulations of MU-
Plovdiv from 28.01.2021 and includes the following documents.
— Application to the Rector of MU-Plovdiv for opening a procedure for the defense of
a dissertation for awarding the educational and scientific degree "Doctor"
— Curriculum vitae European format signed by the doctoral student.
—  Order of the Rector NeP-1991/29.10.2021 for deduction with the right of defense.
— Protocols from the conducted examination for doctoral minimum in the specialty and
in English.
— Dissertation on a paper and an electronic media (PDF)
— Abstract - on paper and electronic media (in Bulgarian and English)
— A list and attached copies with the full text of 3 publications in connection with the
dissertation.
— A list of 3 participations in scientific forums
— Declaration of the authenticity of the submitted documents.



The doctoral candidate has attached copies of 3 full-text publications in connection with the
dissertation.

The presented materials are in accordance with the requirements of the regulatory framework and
the Regulations of MU-Plovdiv.

2. Biographical data about the doctoral student

Dr. Kostadin Ivanov Zhekov graduated from FDM-Plovdiv in 2013 with a master's degree
in dental medicine. Since December 2014 he has been an assistant in the Department of Operative
Dentistry and Endodontics, FDM-Plovdiv. Conducts preclinical and clinical exercises in Bulgarian
and English languages.

In 2019 he acquired the specialty "Operative Dentistry and Endodontics".
Enrolled for free doctoral studies by decision of the Department Council of 12.11.2020.
Discharged with the right to defense of a dissertation for up to one year by order NeR-1991 /
29.10.2021 of the Rector of MU-Plovdiv.

Dr. Kostadin Zhekov participates in the successfully completed university scientific project
Nell /2019, as well as in numerous theoretical and practical courses in continuing medical
education.

3. Relevance of the topic and the aim of the set goals and tasks

The ultimate goal of endodontic treatment is to achieve three-dimensional filling and
hermetic sealing of the root canal, both coronary and apically, in order to prevent the penetration
of bacteria and reinfection. The availability of diverse and newer materials for root canal obturation
in recent years needs clinical confirmation of their long-term effectiveness, so the topic of this
paper is relevant.

Bioceramic sealers are relatively new endodontic materials for filling root canals, which
have come into use in recent years. They are based mainly on calcium silicates. During their
hardening reaction, a large amount of calcium hydroxide is released, which raises the pH and
determines their biological effect. They are relatively difficult to remove from the root canal if
treatment is required.

Conducting laboratory and clinical studies related to bioceramic endodontic sealers is
necessary to confirm their effectiveness in clinical practice.

3. Relevance of the topic and expediency of the set goals and objectives

The ultimate goal of endodontic treatment is to achieve three-dimensional filling and
hermetic sealing of the root canal, both coronary and apical, in order to prevent the penetration of
bacteria and reinfection. The availability of diverse and newer materials for root canal obturation
in recent years needs clinical confirmation of their long-term effectiveness, so the topic of this

paper is relevant.



Bioceramic sealers are relatively new endodontic materials for filling root canals, which
have come into use in recent years. They are based mainly on calcium silicates. During their
hardening reaction, a large amount of calcium hydroxide is released, which raises the pH and
determines their biological effect. They are relatively difficult to remove from the root canal if
treatment is required.

Conducting laboratory and clinical studies related to bioceramic sealers is necessary to
confirm their effectiveness in clinical practice.

Structure of the dissertation

The dissertation is presented on 184pages, contains 6 appendices, a list of 3 publications,
and 3 participations in scientific forums related to the dissertation.
The structure of the dissertation includes: introduction - 2 page, literature review - 40 pages, aim
and tasks - 1 page, materials and methods - 37 pages, the results, and discussion are presented
together on the individual tasks - 59 pages, conclusions - 1 page, contributions - 1 page,
bibliography - 23 pages, publications, and scientific communications in connection with the
dissertation - 1 page, applications - 9 pages.

4. Knowledge of the problem

The literature review covers 40 pages. It is presented in chapters and is related to the future
experimental part of his research. It is based on 319 literature sources, 11 of which are in Cyrillic
and 308 in Latin.

The review includes definition, classification, physicochemical and mechanical properties,
dentin interactions, and bio tolerance of bioceramic sealers. The issue of root canal obturation
techniques, the concept of monoblock and hydraulic condensation, as well as the removal of
bioceramic sealers in case of need for treatment, is considered.

The literature review concludes with a summary of unresolved issues related to the use of
bioceramic sealers in everyday clinical practice, the possibilities for three-dimensional obturation,
as well as the possibilities for their removal in case of treatment failure. Efficacy of bioceramic
sealers in the endodontic treatment of reversible and irreversible pulpitis.

Nine debatable questions have been formulated based on the analysis from the literature

review.

Based on this analysis, the purpose of the dissertation is formulated, namely to study the
features of obturation of the root canal system with the technique of hydraulic condensation and
bioceramic endodontic sealer.

The literature review ends with a summary of the unsolved problems and motivation for
the development of the dissertation topic.



S. Research methodology

To achieve this goal, 5 tasks have been formulated, of which 1 survey, 2 experimental and
laboratory tasks, one of which has two subtasks, 1 clinical task, and 1 task in which clinical
protocols are presented to optimize the application and eliminate it. bioceramic sealers.

Materials and methods. Under Task 1, a survey was conducted among 164 dentists -
anonymously and on paper at BDA forums in the period March 2019 - April 2020. The survey is
related to analyzing the approach of dentists in the application of bioceramic sealers in their
practice and contains 20 questions.

In vitro studies include the following methods:

In Task 2, 42 extracted single-rooted single-channel teeth were used to study the
microleakage of root canal obturation by hydraulic condensation of a BioRoot RCS bioceramic
sealer and a gutta-percha point. The filtration method of 2% methylene blue was used after
applying a pressure of 1 at for 1 hour. The teeth were divided into 3 experimental and 2 control
groups. The samples were analyzed on a TECAN Sunrise spectrophotometer.

The third task used 120 single-root extracted human teeth, divided into two experimental
groups depending on the level of filling of the root canal — at working length and 2 mm shorter
than the working length, and 1 control group (root canals are not obturated ). In this task, 60 teeth
are divided into subgroups depending on the method of removal of BCS - with or without the use
of organic solvent, as well as depending on the files used for this purpose - hand and rotary. The
amount of residual material after filling was assessed by CBCT and optical microscope.

Clinical task. Under the fourth task, a clinical study of the healing process was performed
after root canal obturation by hydraulic condensation and a BioRoot RCS sealer in the period
January 2017 - July 2021.

Clinical and radiological criteria were used to assess the healing process in the treatment of
irreversible pulpitis and chronic localized periodontitis, mainly. The clinical protocols for the
respective nosological units are described. A personal clinical card has been developed for the
registration of oral status in the observed segment. The evaluation of the quality of the endodontic
treatment was performed on the 6™ and 12" months after the treatment.

Patients have signed a declaration of informed consent for endodontic treatment.

In the fifth task, two clinical protocols are presented. One is for obturation of root canals
with the technique of hydraulic condensation and bioceramic sealer, and the other for removal of
bioceramic sealer BioRoot RCS.

In the presented dissertation work the used methods include - questionnaire research,
research of microleakage by dyes (methylene blue), CBCT, radiographic methods.



The chosen research methods allow achieving the set goal and obtaining results
corresponding to the set tasks in the dissertation.

The research was conducted in the Department of Operative Dentistry and Endodontics,
Department of Medical Physics and Biophysics at the Faculty of Pharmacy, MU-Plovdiv.
Collaboration was carried out with specialists from the Department of Imaging, Dental
Allergology, and Physiotherapy, FDM-Plovdiv. The research under task 3 is funded by the
university scientific project "Doctoral and postdoctoral programs" 2019.

Appropriate statistical methods have been used to process the data.

6. Characteristics and evaluation of the dissertation

From the questionnaire research in the dissertation, it was found that bioceramic sealers are
not often used by dentists. Respondents point to high prices (40%) and lack of information as the
most common reasons for this (32%). The most commonly used root canal obturation technique is
a central cone technique, followed by cold lateral condensation. The results of the survey show no
clarity about the irrigation protocol and the technique of filling with bioceramic sealers.

In an in vitro study, a low degree of microleakage of methylene blue was found after filling
with BioRoot RCS bioceramic sealer without statistically significant difference in the different
groups.

It has been found that the removal of bioceramic sealers from the root canal is difficult, as
organic solvents and citric acid do not help their complete removal. Effective removal of gutta-
percha and bioceramic sealer is achieved using ultrasound and the SAF system.

When monitoring the healing process at 6 and 12 months after treatment of acute and chronic
pulpitis, no changes are observed in the periapical tissues - no periapical lesion develops. In the
treatment of chronic periodontitis, a reduction in the size of the periapical lesion is observed in all
clinical cases. This proves that the application of bioceramic sealers provides an excellent healing
process.

Clinical protocols for the application and removal of BioRoot RCS bioceramic sealer are
presented.

7. Contributions and significance of development for science and practice

Based on the conducted research and the obtained results, 7 contributions of original
character and 4 contributions of confirmatory character were formulated.



Contributions of original character:

1. Created is an original definition and author's classification of bioceramic endodontic
sealers based on the original product and form of supply of the preparation.

2. For the first time a survey was conducted on the attitude of dentists from the Plovdiv
region to the use of bioceramic endodontic sealers in their clinical practice.

3. The difference in the micropermeability of dye between two different conicities of
preparation (4% and 6%) in obturation of the root canal system with hydraulic condensation and
the application of bioceramic monoblock concept - impregnated gutta-percha pins (BC Points)
and bioceramic endodontic sealer was evaluated. RCS)

4. The effect of the SAF system on the removal of a bioceramic sealer (BioRoot RCS)
from the root canal wall was studied.

5. The effect of 40% citric acid on the removal of BioRoot RCS from the root canal wall
and the apical opening (achieving apical patency) was studied when used not as an endodontic
sealer but as a stand-alone filling material.

6. The volume (by CBCT) and the area (by digital optical microscopy) of the residual
bioceramic sealer BioRoot RCS in the root canal were measured after non-surgical re-endodontic
treatment.

7. Clinical protocols for the application and removal of BioRoot RCS bioceramic sealer
have been developed.

Confirmatory contributions:

1. The low degree of micropermeability at obturation of the root canal system with
hydraulic condensation and bioceramic endodontic sealer BioRoot RCS has been proven.

2. The absence of a statistically significant difference in obturation with bioceramic
sealer in combination with bioceramic impregnated and unimpregnated gutta-percha pin.

3. The good adaptation of the bioceramic endodontic sealer to the root canal wall in
clinical conditions has been confirmed.

4. A clinical study of the effect of the BioRoot RCS bioceramic sealer on the healing

process after endodontic treatment for a period of 6 and 12 months was performed.

8. Assessment of the publications in connection with dissertation

Three full-text scientific publications in connection with the dissertation are presented in
electronic form, In all of them, the doctoral candidate is the first author.

The presented publications reflect their results in connection with task 1 and task 4 of the
dissertation. :

Dr.Kostadin Ivanov Zhekov has presented 3 scientific papers at congresses and forums, 2 of
which at national and 1 at international congresses.






