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Abstract

One of the major aims of revascularization therapy is to complete the physiological mechanism of the tooth. It is very difficult
to regenerate the pulp which consists of a specialized tissue and maintain its durability especially in a previously infected area. The
purpose of this review is to investigate the reasons for the uncompleted maturation stage in the regenerating pulp tissue.
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Introduction

The root canal treatment is performed after pulp necrosis or
a certain inflammatory phase in the contemporary endodontic
treatment of mature teeth because there is no collateral circulation
in the root canal space [1]. Researchers and clinicians try to create a
pulp-like tissue in root canals of the immature teeth [2-6]. Building
a sound, physiologic pulp that is capable of generating hard tissue is
very challenging due to the loss of vital tissue, bacteria penetrated
into dentin tubules and the changes of the tissue around the tooth
[7,8]. Case reports and studies have shown [9-11] that researchers
are able to disinfect root canal space, stimulate living tissue
formation and provide adequate coronal sealing. The most common
method to measure the success of the treatment is radiography
[12]. Hard tissue formation is indicative of the health status of the
immature root canal and this can be detected via radiographs [13].
However, hard tissue accumulation in the root canal space may not
be observed in all cases [6]. In this review, it has been investigated
why there is not always hard tissue formation in the root canal
cavity such as in the alveolar bone in revascularization therapies.

MTA (Mineral Trioxide Aggregate) is often essential in
revascularization treatment protocols [2,5]. MTA provides a decent
coronal sealing [14]. It is hydrophilic [14], biocompatible [15] and
even bio stimulating [16]. MTA forms an alkaline medium in the
area that aids cell migration and proliferation during its setting
[7,17]. It accelerates osteoblastic / odontoblastic differentiation

of stem cells and generates a higher quality dentin than calcium
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hydroxide [4,15]. It is known that there is a positive correlation
between odontoblastic cells and MTA [15]. MTA treated teeth
observed [2,8,11] hard tissue accumulation in the root canal and an
increase in apical length especially in young patients.

More than 500 varieties of microorganisms can be found in the
infected root canal space [18]. Enterococcus faecalis is one of the
most resistant bacteria found in root canals [19]. The success of
antimicrobial agentsistested on E. faecalis[19]. Agood antimicrobial
agent or medicament should also not restrict the revascularization
process because SCAP (Stem Cell Apical Papilla) and mesenchymal
stem cells in the periapical area may have an active role during
revascularization [2,20]. However, various antimicrobial agents and
medicaments are toxic on these cells and tissues [21]. Antibiotic
pastes have a negative effect on stem cells, even though they are
diluted several times [21,22]. Sodium hypochlorite is highly toxic
in periapical tissue and may cause unwanted clinical problems
[23]. In fact, regenerative endodontics needs a medication that has
powerful antimicrobial properties as well as an MTA-like effect on
cells. Nevertheless, side effects can be minimized by being careful
not to overflow medication and solutions in the periapical area.

In the treatment of revascularization, many researchers intend
to induce new tissue formation by irritating the periapical area to
cause bleeding; which is considered a successful technique by some
[5,8]. In addition, stem cells brought by bleeding into the canal
space can use the benefit of the alkaline environment and excrete
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special factors thus initiate the regeneration process [5]. The idea
of bringing the stem cells in the apical area into the canal cavity
may be reasonable. However, inducing bleeding technique was not
successful in all of the studies [24]. According to some researchers
[10,25,26], this procedure is not mandatory, and revascularization
can also be achieved without bleeding.

The healing rate of endodontic lesions is inversely proportional
to age [27]. The stem cells in young patients are much more capable
of releasing extrinsic and intrinsic factors [28]. This cannot be the
reason of the lack of maturation in the roots of elderly patients, as
various case reports have stated [3,29] that there is no calcification
within the root canal in the long term after revascularization.

Neural crest originated dental pulpal stem cells, dental follicle
stem cells, periodontal stem cells and SCAP can be turned into
odontoblasts [30]. However, the dental pulp stem cells are not
naturally present in the non-vital pulp. As the dental follicle stem
cell is found in the dental follicle, it disappears with age. Periodontal
stem cells are highly differentiated cells and their migration to
the regeneration area is difficult due to location disadvantage.
SCAP cells can survive in periapex lifelong and are not far from
the apical area [20]. In young patients, these cells have a primary
effect in the treatment of revascularization [2,26]. There are many
studies on the behavior of SCAP cells against signaling pathways
and materials [31-33]. The presence of SCAP cells in periapex with
granuloma or cyst histopathology is a mystery. Such tissue has
severe tissue destruction. Defense cells dominate the region [34].
The SCAP cells may not survive long in periapex where tissue is
dealing with microorganism wastes and destruction products [35].
Also, these cells may not play a major role in revascularization
process, whether the apical area irritated to bleed or not [35]. This
hypothesis explains why maturation is not possible when it comes
to revascularization treatment.

Dentineis produced by odontoblasts while osteoblasts form bone
tissue [1,30]. Although odontoblasts exhibit similar characteristics
to osteoblasts, they have different embryonic backgrounds [30].
The quality and markers of the hard tissue produced by them
differs [30]. Stem cells need a proper microenvironment and
niche for being transformed into programmable cells [36]. The
transformation of the stem cells begins if the stem cell receptors
feel certain about the signals and that they are in the appropriate
tissue [37]. Mesenchymal stem cells can be found both in the pulp
and in the alveolar bone [38]. This stem cell can differentiate into
many cell types according to the medium [39]. The mesenchymal
stem cell has the ability to transform into osteodentin-like stem cell
in the root canal [40]. However, all conditions must be appropriate
for the osteogenic cell conversion of mesenchymal stem cells
[40]. The intradentin has to be treated physically and chemically
to be revascularized. The medicaments and solutions being used
may be free of microorganisms, but the root canals may contain
cell residues, debridement or chemical agents. the mesenchymal
stem cell may prefer to form a connective tissue cell instead of the
osteogenic pathway in such an environment [1,41]. A tooth has been
examined histologically 5 years after revascularization treatment
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by Orduna JFG et al. [42]. They stated that there was no hard tissue
in the pulp tissue and a vascularized connective tissue was present.

Many studies are still in progress to manage complete
maturation of the immature necrotic teeth. There is sufficient
number of studies on revascularization therapies especially in
young patients. However; there is no detailed literature about

revascularization treatments and maturation rates in adult

patients. The main important reason for this problem is the low
capacity of regeneration in adult patients, for sure. In order to
enhance the regeneration ability of adult patients, preclinical and
clinical applications of stem cell therapies need to be developed.
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