Chapter 6

REGENERATIVE ENDODONTIC TREATMENT

Faruk OZTEKIN?

Regenerative endodontic treatment involves biological re-
placement of damaged, diseased or incomplete dentin-pulp com-
plex cells, as long as possible, by maintaining their physiological
functions with living cells of the same origin. The potential of re-
generative dentistry is highly dependent on advances in biologi-
cal therapy, which benefit from growth and differentiation factors
that stimulate or accelerate natural biological regeneration. For
this purpose, tissue engineering was used '.

TISSUE ENGINEERING

Tissue engineering includes biological treatment strategies
that aim to regain damaged or partially lost tissue in terms of
structure, function and physiology.

Regenerative endodontic treatment is based on 3 basic princi-
ples of tissue engineering®:

1. Appropriate sources of stem / progenitor cells
2. Growth factors that can promote stem cell differentiation
3. Scaffolding suitable for regulation of cell differentiation

STEM CELLS

Stem cell is a non-specialized cell that has the ability to divide
on its own and differentiate into various tissue cells. The most im-
portant feature of stem cells is their ability to renew themselves *.
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The use of stem cells for regenerative purposes has become wide-
spread in recent years. These cells have a wide range of potential
uses in cardiology, including myocardial infarction, spinal cord
injuries, and burn treatment in plastic surgery. In dentistry, it
is aimed to maintain regeneration by preserving mesenchymal
stem cells and dental pulp stem cells of apical papilla, which are
left behind by regenerative endodontic treatment application °.

TISSUE SCAFFOLD

The tissue scaffold determines the shape of the tissue to be
regenerated by creating a three-dimensional structure and micro
environment that mimics the extracellular matrix '. Since pulp
stem cells must be organized in a three-dimensional structure
and supported by vascularization; The use of biological tissue
scaffolds consisting of porous polymers is needed *.

Since tissue scaffolds are imitation of the extracellular ma-
trix, growth factors to help differentiate stem cells and prolifer-
ate; Nutrients for their nutrition and development should also
contain antibiotics to prevent bacterial growth . Tissue scaffolds
should be able to selectively bind to cells, localize them and be
resorbed 7.

There are three types of tissue scaffolding used. These are nat-
ural tissue scaffolds (collagen and glycosaminoglycan), synthetic
tissue scaffolds (polylactic acid, polyglycolic acid, polylactic-co
glycolic acid), mineral tissue scaffolds (hydroxyapatite and calci-
um phosphate). Natural tissue scaffolds are mostly used in regen-
erative endodontics ®.

GROWTH FACTORS

The third component of tissue engineering is growth factors.
Growth factors affect the cellular activities of all dental pulp cells,
including progenitor / stem cells, including migration, prolifer-
ation, differentiation and apoptosis °. It is accepted that many
growth factors and extracellular matrix protein, which are usually
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expressed and secreted during primary and secondary dentino-
genesis, play a role in dental repair and dentine regeneration .

NEW TISSUE FORMATION MECHANISM

Regenerative endodontics procedures are based entirely on
cellular reactions. After the bleeding in the root canal, stem cells
from the apical papilla act quickly ''. These cells need to differ-
entiate, multiply and produce dentin in order to regenerate the
pulp tissue '2. The formation of new tissues formed in the root
apex and canal cavity has been tried to be explained with different
mechanisms . One of these is the possibility that the few pulp
cells that remain alive at the apical end of the root canal form a
new matrix and differentiate into odontoblasts that will allow the
root to grow and thicken '*. However, it is stated that stem cells or
bone marrow in the apical papilla may also be effective in the root
development mechanism. In addition, it is thought that stem cells
originating from periodontal ligament and dental pulp stem cells
may play a role in the root development ».

With regenerative endodontic treatment, it is aimed to main-
tain revascularization of the remaining apical papilla by protect-
ing mesenchymal stem cells and dental pulp stem cells '°. Growth
factors released from dentin can chemically attract stem cells in
the periapical region or remaining healthy pulp tissue. After the
cell selection, these cells settle, attach, multiply, differentiate and
eventually form new tissue . In studies, blood has been used as
a tissue scaffold because it contains different growth factors that
will help new tissues to grow *. The blood clot can provide differ-
entiation and growth due to the growth factors it contains. It can
also stimulate the maturation of fibroblasts, odontoblasts, and ce-
mentoblasts, and has an important role in regeneration . Intra-
canal bleeding that can be used as a tissue scaffold or platelet-rich
plasma (PRP) or platelet-rich fibrin (PRF) taken from the patient
its use is considered to have a positive effect on the outcome of
regenerative endodontic therapy *.
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Advantages of Regenerative Endodontic Treatment

Regenerative Endodontic Treatment is an inexpensive bio-
technology where current hand tools and drugs can be used. In
addition, the technique of application of treatment is simpler than
traditional methods. As the infection is under control, there is no
need for re-sessions as in apexification with calcium hydroxide.
As the tooth regains its vitality, root development continues and
the lateral dentin walls are strengthened due to the new dentin /
hard tissue accumulation ®.

Disadvantages of Regenerative Endodontic
Treatment

The disadvantages of regenerative endodontic therapy are the
case reports showing that the blood clot provides regeneration of
the pulp tissue; the source of the regenerated tissue has not yet
been determined *'.

Regenerative Endodontic Treatment Methods

Methods being developed in regenerative endodontics;
Revascularization of the root canal, stem cell therapy, scaffold
implant, pulp implant, injectable tissue scaffold applications,
three-dimensional cell software and gene therapy '.

Revascularization

The term revascularization is used to reconstitute vasculariza-
tion in the pulp cavity after traumatic injury **. In this technique,
regeneration of tissues such as dentin, cementum, periodontal
ligament, bone, that is, the regeneration of pulp rather than vas-
cularization in the canal cavity. Regeneration of the pulp restores
the functional properties of the tooth while providing, immature
continues root development in teeth, prevents the formation of
apical periodontitis and eliminates the formed periodontitis **. In
this method, it is aimed to completely disinfect the necrotic root
canal and to create a fibrin matrix by forming a blood clot. The
open end of the root of the immature tooth allows new tissues to
form in the pulp chamber .
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Stem Cell Therapy

The easiest way to obtain cells with regeneration potential in
dentistry is to inject the stem cells into the canal after the apexes
are opened and the root canal is disinfected. Adult stem cells can
be obtained from various tissues such as skin, cheek mucosa, ad-
ipose and bone tissue *.

The advantages of adult stem cell therapy are that the autoge-
nous stem cells are easy to manufacture and administer and have
the potential to stimulate new pulp regeneration. The disadvan-
tages are that the cells survival time and rates are low. When it is
desired to create a new and functional pulp tissue, it is not possible
to achieve high success only by injecting stem cells into the pulp
chamber without scaffolding and bioactive signal molecules *.

Pulp Implantation

After the pulp tissue is prepared in laboratory conditions,
transplanting it into a shaped and disinfected root canal system is
called a pulp implantation method *°. The pulp tissue reproduced
in culture medium is grown in vitro in a biodegradable polymer
nanofiber layer or into the root canal system on the extracellular
matrix protein layer such as collagen-1 or fibronectin .

Tissue Scaffolds Implantation

Pulp stem cells should be supported with a three-dimension-
al structure that will support cell organization and blood supply.
This can be achieved with a tissue scaffold with a porous poly-
mer structure where pulp stem cells can be buried *. A suitable
scaffold should ensure cell growth and differentiation, cell adhe-
sion should be increased and should provide a three-dimensional
physical, chemical and biological environment suitable for cell
migration .

The content of the tissue scaffold; The growth factors that en-
sure the proliferation, differentiation and rapid tissue formation
of the stem cell, the foods that ensure the survival and growth of
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the cell and antibiotics that prevent the growth of bacteria in the
root canal. The tissue scaffold should be able to be resorbed by
the surrounding tissues without requiring new surgical practice.
It should have a high porosity and a sufficient pore width suitably
to allow cell nutrition and diffusion ¥’.

Injectable Tissue Scaffolds

Since pulp, which is a tissue engineering product in root canal
systems, does not require structural support, soft three-dimen-
sional scaffolding matrices have been brought to the agenda. The
most important example, hydrogel, is an injectable tissue scaffold
applied by syringe *. Hydrogels; It is an injectable tissue scaffold
that can be applied with a syringe, it is non-invasive and can be
easily applied to the root canal system.

Three Dimensional Cell Smear

In this technique; Theoretically, a special device is used to re-
construct the pulp tissue and distribute the cell layers into the
hydrogel, and then the resulting structure is surgically implanted.
The advantage of this method is that different cells are located
exactly in place. The three-dimensional cell spreading technique
can fully mimic natural pulp tissue *.

Gene Therapy

Gene therapy; is a treatment that defines gene transplantation
for somatic cells to express growth factors, morphogens, tran-
scription factors and extracellular matrix molecules #. The goal
of gene therapy is to ensure that the body produces the substance
it needs in a healthy way, rather than delivering the necessary
chemical from outside the body . As a result of studies, it has
been found that gene therapy cannot progress as part of endo-
dontic therapy and some unwanted health problems may occur
during gene therapy *.
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IN-CANAL DRUGS USED IN REGENERATIVE
ENDODONTIC TREATMENT

Calcium Hydroxide

Calcium hydroxide is a dental material used in many fields
such as direct and indirect pulp coatings, amputation, root canal
treatments, repair of iatrogenic root perforations, apexification,
treatment of resorbations and root fractures. Successful results
were obtained for many years with the use of this material pre-
sented to dentistry by Hermann in the 1920s *..

Calcium hydroxide shows its main effect by decomposing to
Ca + 2 and OH- ions. The high alkaline nature of calcium hydrox-
ide is associated with its hydroxyl ions and their release into the
medium, and these highly reactive free radicals form the basis of
the bactericidal property of calcium hydroxide *.

Calcium hydroxide; It is frequently used in endodontics due to
its easy manipulation, alkaline pH, antibacterial effect and hence
accelerating recovery *'. In resorptive defects converts local envi-
ronmental factors to ideal conditions for recovery *2. It neutralizes
acid products and activates alkaline phosphatase, contributing to
hard tissue formation *. It is preferred for intra-canal disinfection
due to its hydroscopic feature and anti-inflammatory effect *.

Calcium hydroxide is ineffective in eliminating Enterococcus
faecalis (E.faecalis), which is the most important bacterium in
treatment resistant infections, although it is a commonly used
canal because of its antimicrobial efficacy and biocompatibility
feature against endodontic pathogens *'.

Antibiotic Pastes

Systemic antibiotic administration is based on patient com-
pliance with dose regimens followed by absorption through the
gastrointestinal tract and distribution through the circulatory
system to bring the drug to the infected area. Therefore, the in-
fected area needs a normal blood supply; this does not apply to
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teeth with necrotic pulp and teeth without pulp tissue. Therefore,
local application of antibiotics in the root canal system may be a
more effective method of drug delivery **. More eftective concen-
trations are obtained than those found in the systemic circulation
after oral administration with local antibiotic applications **.

Metronidazole, which is an effective antibiotic for anaerobes,
has been chosen as the intra-canal drug because it constitutes the
compulsory anaerobes as the majority of bacteria infecting the
root canal system. In teeth with periradicular infection, metro-
nidazole alone cannot eliminate all bacteria due to the variety of
bacteria in the root canals. Therefore, it is used in combination
with ciprofloxacin and minocycline . Due to the color change
caused by minocycline in teeth, some authors recommend mod-
ifying this antibiotic and using cefaclor instead of TAP or elimi-
nating minocycline .

Disadvantages of antibiotic pastes used inside the canal, such
as color change, cytotoxicity, sensitization, development of resist-
ance and difficulty in removing from the root canal should be
taken into account . In order to eliminate or reduce these disad-
vantages, it has been proposed to use antibiotic pastes at lower
concentrations **.

CALCIUM SILICATE BASED CEMENTS USED IN
REGENERATIVE ENDODONTIC TREATMENT

Mineral Trioxide Aggregate (MTA)

MTA was first described by Lee, Monsef and Torabinejad in
1993 *. It was stated that MTA has a good sealing property, of-
fers an excellent prognosis in the long term, is relatively easy to
manipulate and promotes tissue regeneration as well as high bio-
compatibility *.

Chemical Composition

MTA consists of tricalcium silicate, tricalcium aluminate, tri-
calcium oxide, silicate oxide and bismuth oxide *'. The most im-
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portant structural difference with Portland cement is that it does
not contain potassium and its structure contains bismuth oxide
%, Bismuth oxide was added to the material to improve its struc-
tural properties and provide radiopacity.

Tulsa Dental (Dentsply, USA) launched the white MTA prepa-
rations on the market in 2002, since the first MTA was gray in
color, causing unwanted color changes in the front teeth. White
and gray MTA differ in iron, aluminum and magnesium oxide
contents *.

The desired consistency of MTA is achieved by mixing 3 parts
of powder and 1 part of liquid. Mixing can be done on paper or
glass with a metal or plastic spatula. Adding more or less water
during its preparation causes a decrease in the final hardness of
the material. After the mixture, the MTA carrier is placed in the
desired place and condensed with a moist cotton pellet. Since ir-
rigation after MTA placement may cause material to flow away,
all irrigation procedures must be completed before MTA place-
ment *.

Clinical Use and Physical Properties

Due to its properties such as biocompatibility and bacterial
sealing, MTA is seen as an ideal material for the protection, repair
and maintenance of pulp and therefore it is used in many dental
treatments in pediatric dentistry.

Clinical uses of MTA *%

« Asa pulp coating material,

o Asan amputation material,

o As repair material for the repair of furcation and root perfo-
rations,

 In the treatment of apexification, in order to ensure apical oc-
clusion,

« Repairing the resorption zones in the root,

o Asretrograde filler

o Asrepair material in root fractures
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Physical properties of MTA;

Compressive Strength: MTA shows the lowest resistance to
compressive forces in the first 24 hours compared to amalgam,
IRM (Intermediate Restorative Material) and Super-EBA.
However, after 21 days, the pressure was reported to increase
to 67.3 megapascals (MPa), and its resistance was comparable
to IRM and Super-EBA, but significantly lower than amalgam
40

Radiopacity: The average radiopacity for MTA is reported to
be equivalent to 7.17 mm thick aluminum. Although this val-
ue is lower than IRM, Super EBA, amalgam and gutta percha,
it is sufficient to be easily seen radiographically *.

Marginal Adaptation and Sealing Ability: This feature is crit-
ical in retrograde filling, perforation repair, pulp coating and
pulpotomy procedures. Bates et al. * found MTA more suc-
cessful than other retrograde filling materials. Expansion of
MTA during hardening may be the reason for its excellent
sealing property *.

Solubility: Fridland et al. * It was stated that as the powder /
water ratio changes, its solubility changes, and the high pow-
der / water ratio increases the smoothness and solubility of
MTA. In addition, bismuth oxide added to MTA has been re-
ported to decrease the solubility of MTA .

Biocompatibility: In Torabinejad and Kettering’s #(135) stud-
ies, it was found that MTA is not mutagenic and is very low
cytotoxic compared to Super-EBA and IRM. MTA does not
cause an inflammatory reaction in direct contact or causes
minimal infection. It also has the effect of inducing tissue re-
generation *.

Tissue Regeneration: MTA provides regeneration in perio-
dontal tissues and has osteoconductive and osteoinductive
properties, thereby inducing the formation of dentin, cement,
and hard tissue *.
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7) Antibacterial and antifungal properties: Contrary results were
obtained from the studies on the antibacterial properties of
MTA. These contradictory results are thought to depend on
the type of MTA used and the powder / liquid ratio of MTA.
It can be considered a good antibacterial agent, especial-
ly against E.faecalis and Streptococcus sanguis, thanks to its
good sealing properties and preventing microleakage. In some
studies, it has been reported that MTA has an antibacterial
effect on some facultative bacteria while it is not effective on
anaerobes *.

Disadvantages of MTA

The biggest disadvantages of MTA are the long hardening
time, the difficulty of application, the powder / liquid ratio being
adjusted manually, the same ratio cannot be obtained every time,
the potential of coloration especially in the front teeth, the pres-
ence of toxic elements in its component, the high cost and the
difficult to disassemble after insertion. In addition, the necessity
of placing damp cotton after the use of MTA prevents the use
of a single session *. One of the disadvantages is poor chemical
bonding to dentine .

Biodentine

Biodentine is a calcium silicate based material produced in
2009 with the slogan ‘instead of dentin *°.

Composition and Hardening Reaction

Biodentine powder part consists of tricalcium silicate (main
component), calcium carbonate (filler), zirconium oxide (radi-
opacity provider), dicalcium silicate, calcium oxide, iron oxide.
The liquid part consists of a water-soluble polymer (water reduc-
ing agent) and calcium chloride. Although tricalcium silicate is
a common substance in both MTA and Biodentine, it consists of
the monoclinical form of MTA and triclinic form of Biodentine
°1. The hardening time of Biodentine is 12 minutes and thus, it
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provides restoration and becomes intraorally functional in a sin-
gle session. This allows for use in pediatric dentistry.

Physical and Mechanical Properties

Compressive strength is considered as one of the main phys-
ical properties of calcium silicate based cements.Biodentine-
like products have a wide range of uses in vital pulp treatments.
Accordingly, it is essential that it has a sufficient compressive
strength against external forces **. Compared to other tricalci-
um silicate cements, Biodentine’s higher compressive strength is
attributed to the low water / cement ratio provided by the wa-
ter-soluble polymer in the liquid part. Such as Biodentine’s bend-
ing strength (34 MPa), elastic modulus (22,000 MPa) and Vickers
hardness (60 HV) its physical properties are higher than MTA
but show similar values to dentin. It has an inhibitory effect on
Biodentine microorganisms with its high alkaline pH. In addi-
tion to alkaline pH, it provides disinfection in the area surround-
ing hard and soft tissues **.

Biodentine maintains the vitality of the pulp and promotes the
healing process. The effect of Biodentine on activation, differenti-
ation and dentin regeneration of projection cells and Biodentine
has been found to provide dentin regeneration by differentiating
the progenitor cells to odontoblasts **.

The micromechanical adhesion of Biodentine is caused by the
alkaline effect during the hardening reaction. High pH leads to
dissolution of organic tissues outside the dentinal tubules. The al-
kaline area between Biodentine and dental hard tissue creates an
environment where Biodentine can enter the exposed dentin tu-
bules. Thus, with the connection formed with countless tubules, a
magnificent sealing is provided .

Clinical Use

Biodentine is a calcium silicate based material, and it draws
great attention with its similarity to MTA and its applicability in
cases where MTA is indicated. Biodentine endodontically root
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perforations, apexification, resorptive lesions and endodontic
surgery; It is also a material that can be used as a retrograde filling
material in addition to dentin in pulp coating *°.

Endosequence Root Repair Material (ERRM)

In order to overcome the disadvantages of MTA, new calcium
silicate based cements have been introduced with similar basic
components and biological effects **. ERRM (Brassaler, Savannah,
USA) is a bioceramic material with paste and injector paste forms
that are produced ready-to-use and do not need mixing. It can
be used in root perforation repair, regenerative treatments, retro-
grade fillings *.

According to the manufacturer, it consists of calcium silicate,
monobasic calcium phosphate, zirconium oxide, tantalum oxide,
propylene fillers and thickeners. High alkaline pH is partly re-
sponsible for its antibacterial property. Bioceramics refer to the
combination of calcium silicate and calcium phosphate, valid for
biomedical or dental use **.The pH of the bioceramic materials
during placement reaches 12.8. ERRM has a strength of 70-90
MPa. The material also has excellent radio opacity *.
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